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R.n. ST£NP,rl? NPL CANDIDATE 

SEP l 4 1!11 
Facility name: U.S. DOE Hanford 300 A��:=--..... lm:iec�m�ed;--.. ,------·;;.;;;-- ·- . ·� ..

Location: Hanford Sfte 

EPA Region: _X _____________________ _ 

Persan(s) in charge of the facility: J. J. Keating, Asst. Mgr. 

Safety, Environment and Security 

509 - 376 - 7334 

Name of Reviewer: D. M. Bennett, EPA Region X Date: 8-15-87 

General description of the facility: 
(For example: landfill, surface impoundment, pile, container;-types of 
hazardous substances; location of the facility; contamination route of 
major concern: types of information needed for rating: agency action, 
etc.) 

The 300 Area Site contains the 316·1, 316-2, 316-3, 316-4, 618-1
1 

618-2, 

618-3, 618-4, 618-5, 618-7, 618-9, 618-12, 618-13, and the Horn Rapids

Solid Waste Disposal sites. The above 600 numbered sites were included 
.. . 

in the 300 Area because of their close proximity to the 300 numbered 

sites. The ground water and surface water are the routes of major 

concern. The individual sites listed above·are either surface imoound

ments (i.e., ponds or tnnches} or landfills (i.e., land disposal). 

The 300 Area is located approximately 3 ■iles north of the Richland · 

city limits. 

Scores: St4 • 65.23 (Sgw • 79.60 Ssw • 80.00 Sa • 0.00) 

SfE • 0.00 

Soc• 0.00 

FIGURE 1 

HRS COY� SHEET 
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National Priorities List 

Superfund hazardous waste site listed under the 
Comprehensive Environmental Response. Compensation. and Liability Act (CERCLA) as amended in 1986 

HANFORD 300-AREA (USDOE) 
Benton County, Washington 

The Hanford 300-Area is adjacent to the Columbia River in the southern 
section of the 570-square-mile Hanford Site approximately 3 miles north of the 
City of Richland, Benton county, Washington. Since 1943, Hanford has been the 
scene of Federal nuclear activities, primarily production of nuclear materials 
for national defense . 

The u.s. Department of Energy (USDOE) fabricates nuclear reactor fuel in 
the 300-Area, which contains 14 disposal locations. The disposal locations and 
plumes of contaminated ground water cover approximately 5 square miles. 

An estimated 27 million cubic yards of solid and dilute liquid wastes 
canprised of radioactive, mixed, and hazardous constituents were disposed of i n 
ponds, trenches, and landfills in the 300-Area. USDOE detected uranium in area 
springs, wells, and the Columbia River at levels significantly above background. 
AlI'OC>st 70,000 people use ground water and surface water for drinking within 3 
miles of the 300-Area. 

EPA, USDOE, and the Washington Department of Ecology are jointly developing 
an action plan that will include the 11.0rk needed to address this area under the 
superfund pr09ram, as well as other work needed to meet permitting, corrective 
action, and compliance requirements of subtitle C of the Resource conservation 
and Recovery Act. 

U.S. Environmental Protection Agency/Remedial Response Program 
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NPL CANDIDATP: 
r __________________ llU~M.J:iffl_..,,_HI.JL"=======~--~- - --

SEP 1 • 1'lf 
F aci 1 i ty name: U.S. DOE Hanford 300 Area lecewed: ··eew:•-·····--·-·-· --······~ 

Location: Hanford Site 

EPA Region: X ----------------------
Pe rs on ( s) in charge of the facility: J. J. Keating, Asst. Mgr. 

Safety, Environment and Security 

509 - 376 - 7334 

Name of Reviewer: D. M. Bennett, EPA Region X Date: 8-15-87 

General description of the facility: 
(For example: landfill, surface impoundment; · pile, container; types of 
hazardous substances; location of the facility; contamination route of 
• ajor concern; types of information needed for rating; agency action, 
etc.) 

The 300 Area Site contains the 316-1, 316-2, 316-3, 316-4, 618-1, 618-2, 

618-3, 618-4, 618-5, 618-7, 618-9, 618-12, 618-13, and the Horn Rapids 

Solid Waste Disposal sites. The above 600 numbered sites were included 

in the 300 Area because of their close proximity to the 300 numbered 

sites . The ground water and surface water are the routes of • ajor 

concern. The individual sites listed above are either surface impound

ments (i.e., ponds or trenches) or landfills (i.e •• land disposal). 

The 300 Area is located approximately 3 • iles north of the Richland 

city limits. 

Scores: SM • 65.23 (Sgw • 79.59 Ssw • 80.00 Sa• 0.00) 

SFE • 0.00 

soc• o.oo 

FIGURE 1 
HRS COVER SHEET 
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HRS Ground Water Route Work Sheet 
================================= 

Site: U.S._ DOE Hanford 300 Area 8/15/87 

Assigned "Multi- Max. Ref. 
Rating Factor Value plier Score Score {Section) 

-------===-----=--------=====--=========================================== 
1. Observed Release 45 1 45 45 

2. 

If observed release is given a score of 45, proceed to line 4. 
If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 
Depth to Aquifer of Concern 0 2 0 6 
Net Precipitation 0 1 0 3 
Penneability of the 0 1 0 3 
Unsaturated Zone 

Physical State 0 1 0 3 

3.1 

3.2 

------------------------------------------Total Route Characteristics Score 

3. Containment 

4. Was~e Characteristics 
Chemical 
a. Toxicity/Persistence 

Hazardous Waste Quantity 

Total Waste Characteristics Score 

5. Targets 
Ground Water Use 
Distance to Nearest Well/ 
Population .Served 

Total Targets Score 

0 

18 
8 

3 
30 

1 

1 
1 

3 
1 

0 

0 

18 
8 

26 

9 
30 

39 

15 

3 

18 
8 

26 

9 
40 

59 

3.3 

3.4 

3.5 

--------------------------------------------------------------------------6. If line 1•45 (lx4x5) 
If line l•O (2x3x4x5) 

7. Line 6/57330 • 100 Sc(gw)= 

45630 57330 

79.59 
--------------------------------------------------------------------------

\. 
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---------------------------------~----------------------------------------HRS Surface Water Route Work Sheet 
========================---------= 

Site: U.S. DOE Hanford 300 Area 8/15/87 

Assigned Multi- Max. Ref. 
Rating Factor Value plier Score Score (Section) 

========================================================================== 
1. Observed Release 45 1 45 45 

2. 

If observed release is given a score of 45, proceed to line 4. 
If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 
Facility Slope & Intervening 0 1 0 3 
Terrain 

1-yr. 24-hr. Rai nf a 11 0 1 0 · 3 
Distance to Nearest Surface 0 2 0 6 
Water 

Physical State 0 1 0 3 

4.1 

4.2 

------------------------------------------Total Route Characteristics 

3. Containment 

4. Waste Characteristics 
a. Chemical 
Toxicity/Persistence 
Hazardous Waste Quantity 

Score 

Total Waste Characteristics Score 

5. Targets 
Surface Water Use 
Distance to a Sensitive 
Environment 

Population Served/Distance 
to Water Intake 
Downstream 

Total Targets Score 

0 

18 
8 

3 
0 

35 

. 1 

1 
1 

3 
2 

1 

0 

0 

18 
8 

26 

9 
0 

35 

44 

15 

3 

18 
8 

26 

9 
6 

40 

55 

4.3 

4.4 

4.5 

--------------------------------------------------------------------------
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--------------------------------------~----------------------------------HRS Air Route Work Sheet 

ROUTE NOT SCORED 
' I --------------------~----------------------------------------------------

Rating Factor 
Assigned 
Value 

Multi- Max. 
plier Score Score 

·Ref. 
(S~ct ion) 

====•c====•c=============================•==ssss:::::a&::c::cc:csas::::::: 

1. Observed Release 

Date and Location: 

0 1 0 45. 5 .1 

-------------------------------------------------------------~------------Sampling Protocol: . 

If observed release is given a score of 45, proceect-to line 2. 
If observed release is given a score of 0, the Sa=O. Enter on Line 5 . 

----------------------~---------------------------------------------------
2. ~aste Characteristics 

a. Chemical 
Reactivity and 

I ncompat i b i1 i ty 
Toxicity 

' Hazardous Waste Quantity 

Total Waste Characteristics Score 

3. Targets 

Population Within 4-Mile 
Radius 

Distance to Sensitive 
E~vironment 

Land Use 

Total Targets Score 

4. Multiply 1 x 2 x 3 

0 

.0 
0 

0 

0 

0 

1 

3 
1 

1 

2 

1 

0 

0 
0 

0 

0 

3 

g 
8 

20 

30 

6 

3 

39 

0 35100 

5.2 

5.3 

--------------------------------------------------------------------------
5. Line ~/35100 • 100 Sc(a)• o.oo 
--------------------------------------------------------------------------... 
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s 
Groundwater Route Score (Sgw) 79.59 

Surface Water Route Score (Sgw) 80.00 

Air Route Score (Sa) 0.00 

s2 + s2 + s2 -'QW SW a 
I 

s2 + s2 + s2 -·qw sw a 
I 

s2 + s2 + s2 I 1.73 =SM= -gw sw a 

FIGURE 10 
WORKSHEET FOR COMPUTING SM 

s2 
6334.57 

6400.00 

0.00 

12734.57 

112.e.:i 

65.23 



DOCUMENTATION RECORDS 
FOR·· 

HAZARD RANKING SYSTEM 

INSTRUMENTATIONS: As briefly as possible su11111arize the infonnation you used 
to assign the score for each factor (e.g., "Waste quantity= 4,230 drums plus 
800 cubic yards of sludge"). The source of infonnation should be provided 
for each entry and should be a bibliographic-type reference, include the 
location of the document. 

FACILITY NAME: U.S. DOE Hanford 300 Area 

LOCATION: Hanford Site, Benton County, Washington 

DATE SCORED: 8-15-87 -------------------------
PERSON SCORING: R. D. Stenner, Paci f i.c Northwest Laboratory for DOE 

PRIMARY SOURCE(S) OF INFORMATION (e.g., EPA region, state, FIT, etc.): 

The infonnation was taken from Department of Energy documents and · databases 
associated with the Hanford Site, as well as from other publicly available 
documents addressing conditions at or in the ·vicinity of the Hanford Site. 
Infonnation was also gathered through telephone and personal conununications 
with responsible individuals (such infonnation is ·referenced accordingly in 
the package). 

FACTORS NOT SCORED DUE TO INSUFFICIENT INFORMATION: 

Even though air concentrations of some of the constituents of interest can be 
detected above background offsite, no air monitoring data were found 
sufficient for HRS scoring of the Hanford CERCLA sites. These constituents 
of interest detected above background offsite are present in the routine 
gaseous effluents from operating facilities at Hanford. Therefore, the air 
route rating factors were not scored. 

COMMENTS OR QUALIFICATIONS: 

The Department of Energy has completed a preliminary assessment of the 
hazardous waste sites located on the Hanford Site. This work served as the 
primary basis for developing the scores for the aggregat~ 300 Area Site. 
These preliminary assessment efforts are documented in the "Draft Phase I 
Installation Assessment of Inactive Waste-Disposal Sites at Hanford• volumes 
and respective addenda which are referenced throughout this package. 

1 
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GROUND WATER ROUTE 

1 OBSERVED RELEASE 

Contaminants detected (5 maximum): 

An observed release from the 300 Area can be verified utilizing uranium as 
the contaminant detected. Verification of uranium in ground water beneath 
the 300 Area can be established by comparison of background concentrations 
and down gradient concentrations. The following table presents the 
background and down gradient concentrations (with associated wells and dates) 
that substantiate this conclusion. 

BACKGROUND 
Concentrat1on 

Date Well (pCi/L) 

2/20/86 3-8-1 
2/20/86 3-8-4 

6.6,., 2.3 
5.1 s 2.1 

Date 

2/20/86 
2/20/86 
1/29/86 

DOWN GRADIENT 
· Concentration 

Well (pCi/L 

3-4-10 
3-3-lZ 
3-4-7 (a) 

32 ,., 5 ... 0 
30,., 4.9 
42,., 5.3 

(a) This well was used to document Qistance to target ground water well. 

Reference 1; Reference 2, pages 3, 4, 174-176; Reference 3; Reference 4. 

Rationale for attributing the contaminants to the facility: 

Most of the facilities in the 300 Area, completed in 1943 and the years 
immediately following, were used to support the fabrication of reactor fuel. 
The fuel fabrication process forms the zirconium cladding and the uranium
silicon fuel core from primary material components and bonds the two together 
in one operation. The activities here included many technical and service 
support functions, as well as fuel manufacturing. As the Hanford production . 
reactors were shut down, fuel-manufacturing activities decreased. These 
activities resulted in uranium contaminated was.te being dispos~d of in the 
300 Area, and down gradient wells show uranium concentration levels 
significantly above the uranium concentrations found in background wells. 

Reference 6, pages 2.24-2.25, Reference 22, Reference 7. 

2 ROUTE CHARACTERISTICS 

Depth to Aquifer of Concern 

Name/description of aquifer(s) of concern: 

The aquifer of concern is the unconfined aquifer which is comprised of the 
glacio fluvial sediments of the Hanford formation and the late deposits of 
the Ringold formation. It generally slopes downward from west to east; depth 
to ground water is from 10 to 15 meters (34 to 48 feet). It is bounded below 

2 
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( by either the basalt surface or, in places, the relatively impervious clays 
and silts of the lower unit of the Ringold formation. Laterally, the 
unconfined aquifer is bounded by the anticlinal basalt ridges that r-ing the 
basin. The Yakima and Columbia Rivers, however, do not entirely transect 
these sediments and therefore do not constitute a discontinuity for HRS 
Scoring purposes. The basalt ridges above the water table have a low 
permeability and act as a barrier to lateral flow of the ground water. The 
saturated thickness of the unconfined aquifer is approximately 43 meters in this 
area of the Hanford Site and pinches out along the flanks of the basalt 
anticlines. 

Recharge to the unconfined aquifer originates from several sources. Natural 
recharge occurs from precipitation at higher elevations and runoff from 
ephemeral streams to the west, such as Cold Creek and Ory Creek. The Yakima 
River. recharges the unconfined aquifer as it flows along the southwest 
boundary of the Hanford Site. The Columbia River recharges the unconfined 
aquifer during high stages when river water is transferred to the aquifer 
along the river bank. The unconfined aquifer receives little recharge from 
precipitation directly on the Hanford Site because of a high rate of 
evapotranspiration under native soil and vegetation conditions. Large scale 
artificial recharge occurs from offsite agricultural irrigation and liquid-
waste disposal in the operating areas at Hanford. · 

Underlying the surface sands is a mi'xture of sand and gravel extending to a 
depth of 40-60 meters. Basaltic rock starts at that depth and 
extends downward over 1.9 miles (3000 meters). 

Reference 6, page 2.24; Reference 7, page 2.1-2.7; Reference 25; Reference 26 

Depth(s) from the ground surface to the highest seasonal level of the 
saturated zone [water table(s)] of the aquifer of concern: 

Not applicable. 

Depth from the ground surface to the lowest point of waste disposal/storage: 

Not applicable. 

2a . 
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Net Precipitation 

Mean annual or seasonal precipitation (list months for seasonal): 

Not applicable. 

Mean annual lake or seasonal evaporation (1 ist months for seasonal): 

Not app li cab 1 e. 

Net precipitation (subtract the above figures): 

Not applicable. 

Permeability of Unsaturated Zone 

Soil type in unsaturated zone: 

Not applicable. 

Permeability associated with soil type: 

Not applicable 

Physical State 

Physical state of substances at time of disposal (or at present time for 
generated gases): 

Not applicable. 

3 
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3 CONTAINMENT 

Containment 

Method(s) of waste or leachate containment evaluated: 

Not applicable. 

Method with highest score: 

Not appli cab 1 e. 

4 WASTE CHARACTERISTICS 

Toxicity and Persistence 

Compound(s) evaluated: 

The substances listed below are involved in the fuel element fabrication 
process, which takes place in the 300 Area. 

Sodium hydroxide 
(sodium) 
Nitrite, nitrate 
Mercury 
Chromium (VI) 
Cadmium (II) 
Lead (II) 
Trichloroethylene 

Substances in the 300 Area 

Uranium 
Zi.nc 
Nickel 
Nitric acid 
Methyl ·isobutyl ketone 
Copper 
Beryllium 

Cobalt-60 
Promethium-147 
Plutonium 
Tributyl Phosphate 
Strontium-90 
Cesium-137 

Reference 6, pages 2.24-2.25; Reference 8,. pages 665-672, 675-684, 687-688, 
691-692, 697-700, 707-708 

Compound with highest score: 

Several of these substances results in a score of 18. Uranium, mercury, 
beryllium and plutonium are among those having scores of 18. 

Toxicity Persistence TOTAL 
Substance Score Score Score 

Uranium 3 3 18 
Mercury 3 3 18 
Chromium 3 3 18 
Plutonium 3 3 18 

Reference 9, pages 794-797; Reference 28 

4 ,t) 



·Hazardous Waste Quantity 

Total quantity of hazardous substances at the facility, excluding those with 
a containment score of O (Give a reasonable estimate even if quantity is 
above maximum): _ 

The total quantity of hazardous substances associated with the aggregate 300 
Area Site is at least 27 million cubic yards. Table 1 presents the 
individual sites and associated data that were used in creating the aggregate 
300 Area Site. Table 1 lists several sites that were early solid waste 
disposal sites for which the quantity of wastes are unknown; thus, the 
associated quantity is estimated to be at least 27 million cubic yards. 

References are listed by waste site in Table 1. 

Basis of estimating and/or computing waste quantity: 

Most of the facilities in the 300 Area, completed in 1943 and the years 
immediately following, were used to support the fabrication of reactor fuel. 
The activities here included many technical ·and service support functions, as 
well as fuel manufacturing. As the Hanford production reactors were shut 
down, fuel-manufacturing activities decreased and other activities increased. 

The fuel elements are fabricated by a coextrusion process. This process 
forms the zirconium cladding and the uranium-silicon fuel core from primary 
material components and bonds the two together in one operation. The fuel 
elements are protected with a copper jacket for the extrusion process. The 
jacket also prevents atmospheric contamination of the reactive fuel element, 
and the copper is easily lubricated for extrusion. Lubricants are removed 
using organic solvents such as trichlorethylene. After extrusion into 
billets, the copper is removed by dissolution into nitric acid. The uranium 
core is recessed by chemical milling so that the billets can receive an end 
cap. The chemical milling is performed using copper sulfate, nitric acid, 
anQ sulfuric acid. A zirconium end cap is then brazed on with beryllium. 
The fuel elements are tested for cap attachment, cap to core bonding, 
cladding to core bonding, and cladding to cap bonding before fuel-element 
supports and locking clips are attached. Next, the tubes are autoclaved for 
72 hours in 3600C (6800F) steam to detect any perforations in the cladding or 
end caps. Finally, the elements are packaged for storage and shipment. 

The quantities of the various constituents in the waste associated with each 
individual waste site were compiled as part of the preliminary assessment 
effort which is reported in the "Draft Phase I Installation Assessment of 
Inactive Waste-Disposal Sites At Hanford" volumes and addenda. 

Reference 6, pages 2.24-2.25; Reference 6 and Reference 8 (See individual 
references in Table 1 for applicable pages), Reference 24. 

4a 
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TABLE 1. Basis of Estimating and/or Computing Waste Quantity - 300 Area 

Area No. and Name Waste T~~es Years Estimated Volume 
No. of 

Cubic Yds(a) References 

316-1, 300 Area South Cooling water and low- 1943-1975 10 billion L 13 mil lion 6, page B.19 
Process Pond level liquid wastes 8, pages 665 and 

from fuel fabrication 666 
operations and 
incidental wastes from 
other facilities in 
the 300 Area. Wastes 
contained uranium, 
copper, chromium, 
lead, beryllium, 
mercury, silver, 
cadmium, nickel, zinc. 
fluoride, 
trichloroethylene, 
me thy 1 i sobuty 1 , 
ketone, nitric acid 
and nitrite ion. 
Radionuclides include 
Co-60. 

316-2, 300 Area North Same as above. 1949-1974 10 b i1 li on L · 13 mil lion 6, page B .19 
Process Pond 8, pages 667 and 

668 

4b 
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Area No. and Name Waste T~~es Years Estimated Volume Cubic Yds(a) References 

316-3, 307 Disposal Wastes from Works 1953-1963 1 bi 11 ion L 1.3 mi 11 ion 6, page B.19 
Trenches Laboratory Area (329, 8, pages 669 and 

327, 325 and 326 670 
Buildings) and sludge 
from 316-1 pond. 
Sludge contains 
uranium, copper, 
chromium, lead, 
beryllium, mercury, 
silver, cadmium, nick-
el, zinc and fluoride. 
Radionuclides include 
cobalt-60. 

316-4 Water contaminated 1948-1956 200,000 L 260 6, page B.21 I 

with hexane- (methyl 8, pages 671 and 
isobutyl ketone) 672 
bearing uranium wastes 
and other uranium-
bearing wastes from 
the 321 Bldg. No data 
available on amount of 
radionucl ides 
disposed. 

Uranium-contaminated 1945-1973 Unknown Unknown 6, -page B.21 
600 Area solid waste material with other 8, pages 675-
burial sites (618 series, radionuclides Sr-90, 684, 689, 690, 
1, 2, 3, 4, 5, and 12) Cs-137 and Pu-239. 691 and 698 

~ 
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No. of 
Area No. and Name Waste Types Years Estimated Volume Cubic Yds(a) References 

600 Area solid waste Wastes containing 1960-1973 Unknown Unknown 6, page 8.21 
burial site (618-7) uranium, thorium and 8, pages 687 and 

beryllium. 688 . 

600 Area solid waste Drunmed waste 1950-1956 Unknown Unknown 6, page 8.21 
burial site (618-9) containing uranium, 8, pages 691 and 

tributyl ~hosphate and 692 
paraffin ydrocarbon. 

600 Area solid Waste Radioactive- 1950-1950 Unknown Unknown 6, page 8.2 
Disposal Site (618-13) contaminated soil. 8, pages 699 and 

700 

Horn Rapids Solid Waste Wastes generated in 1950-1970 Unknown Unknown 6, page 8.21, 
Disposal Site 1100 Area, including 8, pages 707 and 

paint cans, solvents 708 
and oils. 27, pages 1 

and 2 

(a) Conversion factor used to compute cubic yards from liters is 764 l/cu yd. 

4d 
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Use(s) of aquifer(s) of concern within a 3-mile radius of the facility: 

Drinking Water: 

The City of Richland drinking water recharge wells .are within 3 miles .of the 
site and draw water from the aquifer (of concern). There are 14 of these 
recharge wells having depths that range from 40 feet to 134 feet. The 
recharge wells are part of the Richland's water supply system. These wells 
are designed to be used in conjunction with the water supply holding ponds 
located beside the wells. The recharge well system is used during peak water 
demand periods and when the Columbia River water pump system is down for 
maintenance. The recharge system operates with water being pumped to the 
holding ponds from the Columbia Rive·r; the water in the holding ponds then 
filters through the soil column to the aquifer where it is pumped by the 
recharge wells to the city's supply system. The water drawn from the 
recharge wells then becomes mixed with the total water in the Richland system 
(i.e., water from the river water treatment system) and is distributed 
through out the city. 

Drinking water for private residences in the city is supplied by the Richland 
City Water System. Since the city water system draws from either the wells 
or the river, there is no municipal water from alternate unthreatened sources 
presently available. There are 15 wells (private wells within 3 miles) 
located across the Columbia River from the 300 Area with unknown depth. 

Reference 10; Reference 11; Reference 19 

Irrigation Water: 

The Battelle (BNW) Fann Operations irrigation well (RRC well located near the 
OSB Building in the Hanford 3000 Area) is within 3 miles of the 300 Area. 

Reference 11: Reference 12 

Distance to Nearest Well 

Location of nearest well drawing from aquifer of concern or occupied building 
not served by a public water supply: 

The well closest to the edge of the 300 Area uranium plume is the Battelle 
Irrigation Well, which is 1.5 miles south of the edge of the plume. 

Reference 7, pages 3.22-3.23; Reference 11, Reference 12. -
Distance to above well or building: 

The Battelle Irrigation Well is located 1.5 miles from the edge of the plume. 

5 
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Reference 7, pages 3.22-3.23; Reference 11 

Population Served by Ground Water Wells Within a 3-Mile Radius 

Identified water-supply well (s) drawing from aguifer(s) of concern within a 
3-mile radius and populations served by each: 

There are 14 Richland recharge wells located within 3 miles of the site that 
draw water from the aquifer. As discussed above, the recharge wells are used 
by the city to supplement the water supply during peak periods. The water 
from the wells is mixed in with the water in the system from the Columbia 
River and distributed through out the city. Thus, the population of Richland 
is used for the population served by the wells. Based on the 1980 sensus, 
the Richland population is 33,578. 

The population of Kennewick, Washington, is also considered because the 
Richland City Water Supply System has an emergency water intertie to the 
Kennewick Water Supply System. The populat_ion of Kennewick is 34,387. 

_er--,, The 300 Area worker population is also considered because the 300 Area has an 
emergency intertie with the Richland City Water System. The population of 
the 300 Area workers is 3,110. 

Reference 10; Reference 13, Figure 4.11., pages 4.32-4.33; Reference 20, 
page 3. · 

The Benton Franklin District Health Department was contacted in an effort to 
establish the locations of any wells (drawing from the unconfined aquifer) 
across the Columbia River from the site that might be in the 3-mile range of 
the -site. The total number of wells within the .defined 3-mile radius 
boundary is 15 private single dwelling wells. It is estimated that 57 people 
are served by the single dwelling wells. 

No data were available regarding the depth and screen intervals of these 
private wells; therefore, they were not included in the private well count . 

Reference 19 

Computation of land areas irrigated by supply well(s) drawing from aguifer(s) 
of concern within a 3-mile radius, and conversion to population (1.5 people 
per acre): 

The Battelle Farm Operations RRC well, which has a depth of 50 feet, is 
located within 3 miles of the site. The farm operations draw water from the 
well and from the river to irrigate the forage crops that are grown. The BNW 
irrigation operations cover a total of 168 acres. Using the 1.5 people per 
acre criteria, this results in an affected population of: 

(168 acres) (1.5 people/acre)= 252 

Reference 12; Reference 11 

Sa 
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Total population served by ground water within a 3-mile radius: 

The total population served is the result of summing the population of the 
city of Richland and the estimated population associated with the Battelle 
Fann Operations. The total estimated affected population is: 

33,578 + 34,387 + 252 = 68,217 

This total does not include the 3):10 300-Area workers since they would also 
· be counted in the City of Richland and City of Kennewick numbers. This will 
avoid double counting of populations. 

Sb 
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SURFACE WATER ROUTE 

1 OBSERVED RELEASE 
Contaminants detected in surface water at the facility or downhill from it 
(5 maximum): 

There was an observed release to surface water from the 300 Area springs 
which are known to seep into the Columbia River. The observed release was 
verified utilizing uranium as the contaminant detected. Significant 
concentrations of Uranium were noted in spring water samples as described in 
McCormick and Carlile 1984. The following table presents the spring water 
concentrations (with associated sample points and dates) that substantiate 
the observed relea~e. 

SPRING WATER 
Sample Concentration 
Point (pCi/L) Date 

12/20/82 41-1 Spg 
12/20/82 42-1 Spg 
01/22/83 42-1 Spg 
12/20/82 43-3 Spg(a) 

9.03 :t 3.16 
15.4 :t 5.4 
19.0 :t 6.64 
2.99 :t 1.05 

(a) This spring entry point was used to establish distance to target 
population. 

Reference 14, pages 18, A.6, C.7-C.8; Reference 15; Reference 6, ·page 2.10 

Rationale for attributing the contaminants to the facility: 

Most of .the facilities in the 300 Area, completed in 1943 and the years 
immediately following, were used to support the fabrication of reactor fuel. 
The fuel fabrication process forms the zirconium cladding and the uranium
silicon fuel core from primary material components and bonds the two together 
in one operation. The activities here included.many technical and service 
support functions, as well as fuel manufacturing. As the Hanford production 
reactors were shut down, fuel-manufacturing activities decreased. These 
activities resulted in uranium contaminated waste being disposed of in the 
300 Area, and down gradient samples show uranium concentration levels 
significantly above the uranium concentrations found in background samples. 

Reference 6, pages 2.24-2.25, Reference 22, Reference 11. 

2 ROUTE CHARACTERISTICS 

Facility Slope and Intervening Terrain 

Average slope of facility in percent: 
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Not applicable. 
.. 

Name/description of nearest down slope surface water: 

The Columbia River, which originates in the mountains of eastern British 
Columbia, Canada, flows through the northern edge of the Hanford Site and 
forms part of the Hanford Site's eastern boundary. The r iver drains a total 
area of approximately 70,800 km2 enroute ·to the Pacific Ocean. The flow of 
the Columbia River is regulated by 11 dams within the United States, 7 
upstream and 4 downstream of the Site. Priest Rapids Dam is the nearest 
impoundment upstream of the Site, and McNary Dam is the nearest dam 
downstream. (The Hanford reach of the Columbia River extends from Priest 
Rapids Dam to the head of Lake Wallula, which is created by McNary Dam. ) 
This is the only stretch of the Columbia River within the U.S. that is not 
impounded by a dam. The width of the river varies from approximately 300 m 
to about 1000 m. The flow through this stretch of the river is relatively 
swift, with numerous bends and several islands present throughout the reach. 
The ground water beneath the site discharges directly into the Columbia River 
as evidenced by seeps and springs in the 300 Area. 

The flow rate of the Columbia River in this region is regulated primari ly by 
Priest Rapids Dam. Hanford reach flows fluctuate significantly because of 
the relatively small storage capacity and operational practices of the nearby 
upstream dams. A minimum flow rate of 1,000 cubic meters per second (36,000 
cubic feet per second) has been established at Priest Rapids. Typi'cal daily 
flows range from l,QOO cubic meters .per second (36,000 cubic feet per second) 
to 7,000 cubic meters per second (250,000 cubic feet per second) with peak 
spring runoff flows of up to 12,600 cubic meters per second ( 450,000 cubic 
feet per second) being recorded. Typical annual average flows at Priest 
Rapids Dam are 3,100 cubic meters per second (110,000 cubic feet per second) 
to 3,400 cubic meters per second (120,000 cubic feet per second). Monthly 
mean flows typically peak from April through June and are at the lowest 
levels from September through October. 

The depth at the deepest part of the measured cross-sections varies 
approximately from 10 to 40 feet, with an average around 25 feet. Daily 
fluctuations in depth caused by Priest Rapids regulation can be as much as 10 
feet above Vernita and 5 feet at Hanford. 

Reference 7, page 2.1; Reference 25, page II.3-13. 

Average slope of terrain between facility and above-cited surface water body 
in percent: 

Not applicable. 

Is the facility located either totally or partially in surface water? 

The facility .itself is located on the bank of the Columbia River. Uranium 
concentrations, attributable to the 300 Area site, in the river is projected 
to extend to river mile 43.8. 

Reference 14, page 18 and C.8 
6a 
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Is the facility completely surrounded by areas of higher elevation? 

Not applicable. 

1-Year 24-Hour Rainfall in Inches 

Not applicable. 

Distance to Nearest Down slope Surface Water 

Not applicable. 

Physical State of Waste 

Not applicable. 

3 CONTAINMENT 

Containment 

Method{s) of waste or leachate containment evaluated: 

Not applicable. 

Method with highest score: 

Not applicable. 
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4 WASTE CHARACTERISTICS 

Toxicity and Persistence 

Compound(s) evaluated 

The substances listed below are involved in the fuel element fabrication 
process, which takes place in the 300 Area. 

Sodium hydroxide 
(sodium) 
Nitrite, nitrate 
Me.rcury 
Chromium (VI) 
Cadmium (II) 
Lead (II) 
Trichloroethylene 

Substances in the 300 Area 

Uranfom 
Zinc 
Nickel 
Nitric acid 
Methyl isobutyl ketone 
Copper 
Beryllium 

Cobalt-60 
Promethium-147 
Plutonium 
Tributyl Phosphate 
Strontium-90 
Cesium-137 -

Reference 6, pages 2.24-2.25; Reference 8, pages 665-672, 675-684, 687-688 , 
691-692, 697-700, 707-708 

Compound with highest score: 

Several of these substances results in a score of 18. Uranium, mercury, 
beryllium and p 1 utoni um are amuftg those having scores of 18. 

Toxicity Persistence TOTAL 
Substance Score Score Score 

Uranium 3 3 18 
Mercury 3 3 18 
Chromium 3 3 18 
Plutonium 3 3 18 

Reference 9, pages 794-79r, Reference 28 

Hazardous Waste Quantity 

Total quantity of hazardous substances at the facility, excluding those with 
a containment score of O (Give a reasonable estimate even if quantity is 
above maximum): 

The total quantity of hazardous substances associated with the aggregate 300 
Area Site is at least 27 million cubic yards. Table 1 presents the 
individual sites and associated data that were used in creating the aggregate 
300 Area Site. Table 1 lists several sites that were early solid waste 
disposal sites for which the quantity of wastes are unknown; thus, the 
associated quantity is estimated to be at least 27 • illion cubic yards. 

References are listed by waste site in Table 1. 
8 
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Basis of estimating and/or computing waste quantity: 
.. 

Most of the facilities in the 300 Area, completed in 1943 and the years 
immediately following, were used to support the fabrication of reactor fuel. 
The activities here included many technical and service support functions, as 
well -as fuel manufacturing. As the Hanford production reactors were shut 
down, fuel-manufacturing activities decreased and other activities increased. 

The fuel elements are fabricated by a coextrusion process. This process 
forms the zirconium cladding and the uranium-silicon fuel core from primary 
material components and bonds the two tog~ther in one operation. The fuel 
elements are protected with a copper jacket for the extrusion process. The 
jacket also prevents atmospheric contamination of the reactive fuel element, 
and the copper is easily lubricated for extrusion. Lubricants are removed 
using organic solvents such as trichlorethylene. After extrusion into 
billets, the copper is removed by dissolution into nitric acid. The uranium 
core is recessed by chemical milling so that the billets can receive an end 
cap. The chemical milling is performed using copper sulfate, nitric acid, 
and sulfuric acid. A zirconium end cap is then brazed on with beryllium. 
The fuel elements are tested for cap attachment, cap to core bonding, 
cladding to core bonding, and cladding to cap bonding before fuel-element 
supports and locking clips are attached. Next, the tubes are autoclaved for 
72 hours in 3600C (6800F) steam to detect any perforations in the cladding or 
end caps. Finally, the elements are packaged for storage and shipment. 

The quantities of the various constituents in the waste associated with each 
individual waste site were compiled as part of the preliminary assessment 
effort which is reported in the "Draft Phase I Installation Assessment of 
Inactive Waste-Disposal Sites At Hanford" volumes and addenda. In compiling 
the inventory, it was assumed that since ground water seeps into the Columbia 
River, the containment associated with the surface water route is considered 
not to be 0, and all the waste quantities cited were available for migration. 

Reference 6, pages 2.24-2.25; Reference 6 and Reference 8 (See individual 
references in Table 1 for applicable pages), Reference 24. 
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Area No. and Name 

316-1, 300 Area South 
Process Pond 

316-2, 300 Area North 
Process Pond 

/ 

TABLE 1. Basis of Estimating and/or Computing Waste Quantity - 300 Area 

Waste Types Years Estimated Volume 

Cooling water and low- 1943-1975 10 billion L 
level liquid wastes 
from fuel fabrication 
operations and 
incidental wastes from 
other facilities in 
the 300 Area. Wastes 
contained uranium, 
copper, chromium, 
lead, beryllium, 
mercury, silver, 
cadmium, nickel, zinc. 
fluoride, 
trichloroethylene, 
methyl isobutyl, 
ketone, nitric acid 
and nitrite ion. 
Radionuclides include 
Co-60. 

Same as above. 1949-1974 10 billion L 

Sb 

No. of 
Cubic Yds(a) References 

13 million 6, page B.19 
8, pages 665 and 
666 

13 million 6, page B.19 
8, pages 667 and 
668 



Area No. and Name Waste T~Qes Years Estimated Volume Cubic Yds(a) References 

316-3, 307 Disposal Wastes from Works 1953-1963 1 bil 1 ion L 1.3 mill ion 6, page B.19 
Trenches Laboratory Area (329, 8, pages 669 and 

327, 325 and 326 670 
Buildings) and sludge 
from 316-1 pond. 
Sludge contains 
uranium, copper, 
chromium, 1 ead, 
beryllium, mercury, 
silver, cadmium, nick-
el, zinc and fluoride. 
Radionuclides include 
cobalt-60. 

316-4 Water contaminated 1948-1956 200,000 L 260 6, page B.21 
with hexone- (methyl 8, pages 671 a1nd 
isobutyl ketone) 672 
bearing uranium wastes 
and other uranium-
bearing wastes from 
the 321 Bldg. No data 
available on amount of 
radionuclides 
disposed. 

Uranium-contaminated 1945-1973 Unknown Unknown 6, page B.21 
600 Area solid waste material with other 8, pages 675-
burial sites (618 series, radionuclides Sr-90, 684, 689, 690, 
1, 2, 3, 4, 5, and 12) Cs-137 and Pu-239. 691 and 698 

Be 
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No. of 
Area No. and Name Waste T:tQes Years Estimated Volume Cubic Yds(a) References 

600 Area solid waste Wastes containing 1960-1973 Unknown Unknown 6, page B.21 
burial site (618-7) uranium, thorium and 8, pages 687 and 

beryllium. 688 

600 Area solid waste Druntned waste 1950-1956 Unknown . Unknown 6, page B.21 
burial site (618-9) containing uranium, 8, pages 691 and tributyl phosphate and 692 

paraffin hydrocarbon . 

600 Area solid Waste Radioactive- 1950-1950 Unknown Unknown 6, page B.2 
Disposal Site (618-13) contaminated soil . 8, pages 699 and 

700 

(a) Conversion factor used to compute cubic yards from liters is 764 L/cu yd. 

8d 



5 TARGETS 

Surface Water Use 

Use(s) of surface water within 3 mi.les downstream of the hazardous substance : 

The Richland drinking water intake is within 3 miles of the detectable · 
uranium concentrations in the river downstream of the 300 Area (i.e., river 
mile 43.8). The 300 Area also has an intake from the river that is used for 
both drinking and process water. This intake is located within the stretch 
of river with detectable uranium concentrations and, thus, within the borders 
of the site. 

The Tri-Cities University Center has an intake from the river, which is used 
for irrigation. Also, the Battelle Fann operations has an intake from the 
river, which is used to draw water for irrigation purposes. Both the Tri
City University Center irrigation intake and the Battelle Fann operations 
irrigation intake are within 3 miles of the site. -

The river is also used for recreation. 

Reference 16; Reference 17; Reference 11; Reference 23 

Be 
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Is there tidal influence? 

The site is located upstream of four dams, ·· therefore , there is no tidal 
influence at the site. 

Reference 7, page 2,1 

Distance to a Sensitive Environment 

Distance to 5-acre (minimum) coastal wetland, if 2 miles or less : 

Not app 1i cab 1 e.• 

Distance to 5-acre (minimum) fresh-water wetland, if 1 mile or less: 

No fresh-water wetlands were found near the. Hanford Site. 

Reference 11 

Distance to critical habitat of an endangered species or national wildlife 
refuge, if 1 mile or less: 

Although there are several sensitive and threatened species that are 
residents of the Hanford Site {for at least part of the year), no endangered 
species are known to be residents of the site. Two threatened species, the 
bald eagle and the ferruginous hawk, are residents of the site {for at least 
part of the year). Because there are no endangered species {state or federal 
listing) that reside at the site, there is no critical habitat to be 
considered in the ranking of the 300 ~rea Site. 

The Draft Phase I Installation Assessment of Inactive Waste-Disposal Sites at 
Hanford, Volume l, July 1986 listed the Merriam's Shrew as being on the State 
Endangered Species List. This information was taken from a list published in 
a preliminary draft of an environmental impact statement, and, since the 
referenced February 1987 list shows the Merriam's Shrew as only a proposed 
sensitive species, it is assumed that the previous list taken from the 
preliminary draft is in error. 

Reference 18 

Population Served by Surface Water 

Location(s) of water-supply intake(s) within 3 miles (free-flowing bodies) or 
1 mile {static water bodies) downstream of the hazardous substance and 
population served by each intake: 

The City of Richland drinking water intake is within 3 miles downstream of 
9 
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300 Area Site (considering that the boundary of the site reaches to river 
mile 43.8). The Richland intake is located at approximately river mile 46.4. 
The City of Richland population is 33,578. The 300 Area also has an intake 
(312 Intake) from the river. The 312 Intake is located within the border of 
the 300 Area Site (considering that the boundary of the site reaches to river 
mile 43.8). The population served by the 300 Area intake (300 Area workers) 
is 3110. 

The population of Kennewick, Washington, is also ·considered because· the 
Richland City Water Supply has an emergency water intertie to the Kennewick 
Water Supply System. The population of Kennewick is 34,387. 

The Tri-Cities University Center has an intake from the river, which is used 
for irrigation. The estimated population affected by the Tri-Cities 
University Center irrigation water intake is 240. 

The Battelle Farm Operations utilizes a river intake for irrigation water 
. that is within 3 miles of the 300 Area Site. The estimated population 

affected by the Battelle Farm Operations irrigation water intake is 252. 

Reference 6, page 2.10; Reference 17; Reference 20, page 3; Reference 16; 
Reference 11; Reference 12; Reference 21 

9a 
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Computation of land area irrigated by above-cited intake(s) and conversion to 
population (1.5 people per acre): 

The land area irrigated by the Tri-Cities University Center i s estimated to 
be 160 acres. Using the 1.5 people per acre criteria the population affect 
is estimated to be: 

160 acres (1.5 people/acre) = 240 

Reference 17 

The Battelle Fann Operations RRC well is located within 3 miles of the site. 
The fann operations draw water from the well and from the river to irrigate 
the forage crops that are grown • . The PNL irrigation operations cover a total 
of 168 acres. Using the 1.5 people per acre criteria, this results in an 
affected population of: 

168 acres (1.5 people/acre) = 252 

Reference 12; Reference 11 

Total population served: 

The tot a 1 popu 1 at ion served is ca lcu 1 ated by summing a 11 the respective 
population estimates: 

33,578 + 34,387 + 240 + 252 = 68,457 

This total does net include the • 110 300-Area workers since they would also 
be counted in the City of Richland and City of Kennewick numbers. This will 
avoid double counting of populations. · 

Name/description of nearest of the above water intakes: 

The nearest water intake would be the 312 Intake located at the 300 Area. 
This intake serves the 3110 workers of the 300 Area. It is used for drinking 
water as well as process water. 

Reference 16; Reference 20, page 3; Reference 21 

Distance to above-cited intakes, measured in stream miles. 

The 312 Intake is located within the border of the 300 Area Site (considering 
that the boundary of the site reaches to river mile 43.8). Thus, the 
distance to the intake is O miles. 

Reference 14, page 18; Reference 16; Reference 20, page 3; Reference 21 

10 



1 OBSERVED RELEASE 

Contaminants detected: 

- ------------ - ----- --~ 

AIR ROUTE 

Even though air concentrations of some of the constituents of interest can be 
detected above background offsite, not air monitoring data were found 
sufficient for HRS scoring of the Hanford CERCLA sites. These constituents 
of interest detected above background offsite are present in the routine 
gaseous effluents from operating facilities at Hanford. Therefore, the air 
route rating factors were not scored. 

Date and location of detection of contaminants: 

Not Applicable 

Methods used to detect the contaminants: 

Not Applicable 

Rationale for attributing the contaminants to the site: 

Not Applicable 

2 WASTE CHARACTERISTICS 

Reactivity and Incompatibility 

Most reactive compound: 

Not Applicable 

Most incompatible pair of compounds: 

Not Applicable 

11 
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\ · Toxicity 

Most toxic compound: 

Not Applicable 

Hazardous Waste Quantity 

Total quantity of hazardous waste: 

Not Applicable 

Basis of estimating and/or computing waste quantity: 

Not Applicable 

3 TARGETS 

Population Within 4-Mile Radius 

Circle radius used, give population, and indicate how determined: 

0 to 4 mi 0 to 1 mi 0 to 1/2 mi 0 to 1/4 mi 

Not applicable 

Distance to a Sensitive Environment 

Distance to 5-acre (minimum) coastal wetland, if 2 miles or less: 

Not app 1i cab 1 e 

Distance to 5-acre (minimum) fresh-water wetland, if 1 mile or less: 

Not Applicable 
12 
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Distance to critical habitat of an endangered species, if 1 mile or less: 

Not Applicable 

Land Use 

Distance to commercial/industrial area, if 1 mile or less: 

Not Applicable 

Distance to national or state park, forest, or wildlife reserve, if 2 miles 
or less: 

Not Applicable 

Distance to residential area, if 2 miles or less: 

Not Applicable 

Distance to agricultural land in production within past 5 years, if 1 mile or 
less: 

Not Applicable 

Distance to prime agricultural land in production within past 5 years, if 2 
miles or less: 

Not Applicable 

Is a historic or landmark site (National Register or Historic Places and 
National Natural Landmarks) within the view of the site? 

Not App 1i cab 1 e 

13 . 
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FIRE AND EXPLOSION 

1 CONTAINMENT 

Hazardous substances present: 

Type of containment, 1f applicable: 

2 WASTE CHARACTERISTICS 

Direct Evidence 

* * * 

Type of instrument and measurements: 

Ignitability 

Compound used: 

Reactivity 

Most reactive compound: 

Incompatibility 

Most incompatible pair of compounds: 

* * * 
14 
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Hazardous Waste Quantity 

Total quantity of hazardous substances-at the fac111ty: 

Basis of estimating and/or computing waste quantity 

3 TARGETS 

Distance to Nearest Population 

Distance to Nearest Building 

Distance to Sensitive Environment 

Distance to wetlands: 

Distance to cr1t1ca1 habitat: 

Land Use 

* * * 

Distance to commercial/industrial area, if 1 mile or less: 

15 



Distance to national or state park, forest, or wil.dlife reserve, if 2 
miles or less: 

Distance to residential area, if 2 miles or less: 

Distance to agricultural land in production within past 5 years, if 1 
mile or less: 

Distance to prime agricultural land in production within past 5 years, if 
2 miles or less: 

Is a historic or landmark site (National Register or Historic Places and 
National Natural Landmarks) within the view of the site: 

Population Within 2-Mile Radius 

Buildings Within 2-Mile Radius 

16 
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DIRECT CONTACT 

1 OBSERVED INCIDENT 

Date, location, and pertinent details of incident: 

* * * 

2 ACCESSIBILITY 

Describe type of barrier(s): 

* * * 

3 CONTAINMENT 

Type of conta1nrnent, if applicable: 

* * * 

4 WASTE CHARACTERISTICS 

Toxicity 

Compounds evaluated: 

Compound with highest score: 

* * * 
17 
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5 TARGETS 

Population within one-mile radius 

Distance to critical habitat (of endangered species) 

18 
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HRS DOCUMENTATION LOG SHEET SITE NAME U.S. DOE Hanford 300 Area 
CITY Benton County STATE WA 
IDENTIFICATION NUMBER 

REFERENCE 
NUMBER DESCRIPTION OF THE REFERENCE 

1 300 Area General Layout Map, January 1987 
. 

2 Hanford Wells, PNL-5397, February 1985 

3 Raw data sheets showing uranium analysis .. 

4 Purification of Uranium by IBMK {HEXONE} Extractfon, - UST-RO-PM-9-80, January 1986 

5 Hanford Ground Water Data Base printouts for uranium cone. 

6 Draft Phase I Installation Assessment of Inactive Waste 

OisQosal Sites at Hanford, Volume 1, July 1986 

7 Environmental Monitoring at Hanford for 1986, PNL-6120, 

May 1987 

8 Draft Phase I Installation Assessment of Inactive Waste-

DisQosal Sites at Hanford, Volume 2, July 1986 

9 Uncontrolled Hazardous Waste Site Ranking Systemj A Users 
. 

Manual, 40 CFR 300, Appendix A 

10 Memo to file from KH Cramer on August 6, 1987 regarding 

Personal Comunication with Michael Gillum, City of Richland, 

concerning Richland Water System (info, maps and data sheets) 

11 U.S.G.S. Maps Showing 300 Area Surroundings 

12 Battelle Fann Operations Drawings RC-486 and RC-1147 

13 Dis2osal of Hanford Defense High-Level Transuranic and 

Tank Wastes, March 1986, DOE/EIS-0113, Volume 1 
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HRS DOCUMENTATION LOG SHEET SITE NAME U.S. DOE Hanford 300 Area 
CITY Benton County STATE WA 
IDENTIFICATION NUMBER 

REFERENCE 
NUMBER DESCRIPTION Of THE REFERENCE 

14 Investigation of Ground Water See2age from the Hanford 

Shoreline of the Columbia River, PNL-5289, November 1984 
----- - -

15 Reference not used. 

16 Drawing H-3-53734 . (showing 300 Area River Intake) 

17 Memo to file from WS Weygandt regarding Personal Conversation 

with f Trent concerning TUC irrigation intake, August 12,1987 

including note to file from RD Stenner on October 29, 1987, 
. 

concerning Crops Grown on the TUC 160 Acres 

18 Endangered and Threatened Wildlife and Plants, 50 CFR, 

Part 17, Subpart B, October 86 

19 Memo to file from BW Mercer regarding franklin County 

Drinking Water Wells, August 25, 1987 

20 Hanford Reservation Area Workers· Census, BNWL-2298, July 1977 

21 Memo to file from WS Weygandt regarding Personal 

C011111unication with R. B. Hall concerning the 312 River Water 

Intake for 300 Area, August 13, 1987 

22 Letter from RD Stenner to OM Bennett on October 14, 1987, 

regarding ground water contaminant plumes 

23 Memo to file regarding recreational use of the Columbia River 

from DR Shen«>od, August 26, 1987 
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HRS DOCUMENTATION LOG SHEET SITE NAME U.S. DOE Hanford 300 Area 
CITY Benton County STATE WA 
IDENTIFICATION NUMBER 

REFERENCE 
NUMBER DESCRIPTION OF THE REFERENCE 

24 Letter from RD Stenner to DH Bennett regarding liquid waste 

sites and bu~ing pits, October 26, 1987 

25 Waste Management OQerations 1 Hanford Reservation, EROA-1538 
.. 

December 1975 

26 Geology and Hydrology of Radioactive Solid Waste Burial 

Grounds at the Hanford Reservation 1 Washington, USGS 1976 

open file: 075-625 

27 File note from RO Stenner to file on December 2,1987, 

regarding Landfill Operations 

28 !ielllo from Kathleen Galloway, MITRE, to Sandy Crystall,EPA. 

December 29, 1987. 
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REFERENCE 1 

300 Area General Layout Map, January 1987 
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WELL ~ERING SYSTEM 

\lell stnictures are identified by the number 99. The rest of the nuni>er 
designating a specific well is established mainly by its location on the plant • 
The designation includes three groups of symbols. The first group, applicable 
to wells in all locations, consists of the number 99 preceded by a nuni>er 
identifying the area in which the well is located. Example: 199, 299, 399, 
499, 699, 1199, 3099. 

100 AND 200 AREAS 

Wells located in the 100 and 200 Areas are further identified in the 
second group of symbols according to the designation of the particular area 
(E, W, B, 0, K, F, .H, N), followed by the number of the sheet map encompassing 
that portion of the area in which the well is located. The sheet maps are 
shown on official second level maps for each area. Example: The first two
symbol groups for a well located within the area described by Sheet Map 24 of 
the 200 E Area would be 299-E24-. The 100 K Area and the 100 N Area second 

' ' level maps are not further divided into sheet maps; thus the second group of 
symbols for these areas is simply "K" and "N." The third-symbol group in the 
well number identifies the specific stnicture ·within the sheet map area. In 
some cases the numbering system is arbitrary; but where practical, "umbers 
were chosen in accordance with a previous numbering system. For example, the 
well fonnerly designated 361-B~ now has the number 299-E28-§.. 

Some of the monitoring wells in the 200 Areas are dry wells, i.e., wel ls 
that do not extend to the water table. These have been differentiated from 
deeper wells by numbering all of the shallow wells with the third-group num
bers greater than 50. In some cases wells have been designated with 100 and· 
200 Area numbers even tho~gh they are actually located outside the area fence. 
These stnictures are monitoring wells adjacent to ground disposal facilities 
that are located outside the area. Monitoring wells adjacent to the BC-Cribs 
are examples of this situation. 

3 Ref. 2.2 



300 AREA 

Wells in the 300 Area are designated in a manner similar to that described 
for tbe 100 and 200 Area~. The single difference occurs in the second symbol 
group in which no area designation is given, but which consists simply of the 
300 Area sheet map number. 

400 AREA 

Most of the wells in the 400 Area were drilled before construction started 
and were included in the 600 Area numbering system. Well numbers in this area 
are now prefixed by 499. The second and third groups of numbers are plant 
coordinates and are explained in the next paragraph. 

600 AREA 

The 600 Area includes all of the Hanford Site outside the limited access 
areas. Well numbers in this area are prefixed by 699. The second and third 
groups of numbers for 600 Area wells ·consist of the north and west plant coor
dinates, respectively, rounded off to the nearest 1,000 ft. For example, a 
well . located at plant coordinates N25665, Wl4554 wo~ld be designated 699-26-15. 
lf the well is located south or east of the plant coordinate origin, an Sor E 
is used with the appropriate number. Some 600 Area wells are located within 
1,000 ft of each other; these have letters (A, B, C, etc.) following the num
bers for unique identification. A few wells located outside of the Hanford 
Site boundaries have also been given 600 Area designations. 

1100 AND 3000 AREA 

Well numbers in the 1100 Area (City of Richland) and the 3000 Area (old 
North Richland) have 1199 and 3099 prefixes, respectively. The second and 
third number groups are the Richland coordinates rounded to the neare-st 
1,000 ft. These wells were located in the Richland coordinate system because 
the plant grid had not been extended this far south when they were surveyed. 
New wells within the Hanford Site boundaries in the 1100 and 3000 Areas are 
located and named in the 600 Area plant grid system. However, wells drilled 
since 1961 within the Richland city limits are not included in the listing. 

4 



91 {1
32

18
.07

38
 

W
EL

L 
IH

IT
. 

D
ES

IG
N

A
TI

O
N

 
CA

SI
N

G
 

D
R

IL
L 

D
EP

TH
 

D
EP

TH
 

TO
 

M
IN

-M
A

I 
D

A
TI

 
--

--
--

--
--

-
CO

O
RD

IN
A

TE
S 

EL
EV

. 
D

EP
TH

 
(F

T
) 

TO
 

D
IA

. 
BO

TT
ON

 
PE

RF
O

RA
TE

D
 

CO
M

P.
 

FO
RN

Ei
l 

£H
A 

NO
. 

(F
T-

M
SL

) 
(F

T
) 

W
AT

ER
 

(I
N

J 
(F

T
) 

D
EP

TH
 

(F
T

) 
(N

-Y
) 

D
ES

IG
N

A
TI

O
N

 
CO

M
M

EN
TS

 
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

N
 U

U
H

 
J

H
 

3 
• 

R
 

tl
2

.H
 

.. 
I.

I 
.. 

5-
51

 
J

tl
-3

 T
.R

. 
C

A
SI

N
G

0 1l
EH

0V
ED

 
I 

1
1

H
H

 

N
 1

5
U

5
1

 
JH

 
3 

5 
R

 
H

I.
II

 
.. 

•••
 

.. 
5-

51
 

3
1

1
-t

 T
.R

. 
C

A
SI

N
G

 
RE

M
OV

ED
 

I 
1

1
U

3
1

 

N
 1

5
t5

U
 

3
H

 
l 

' 
R

 
l!

ll
.2

5
 

15
 

1
1

.1
 

85
 

1
-n

 
lt

l-
D

lW
 

J
il

l 
I 

1
1

U
H

 
3!

11
5-

1 

N
 1

5
U

H
 

JH
 

3 
1 

• 
3

1
1

.l
l 

H
 

u.
, 

" 
1

-U
 

3t
l-

D
21

f 
H

U
 

B
 1

15
11

1 
1!

11
5-

2 

N
 1

5
U

U
 

3
H

 
3 

• 
R

 
3

8
7

.5
1

 
u 

u 
•••

 
21

 
-

U
 

3
-7

1
 

8A
JI

PL
B

 
PU

M
P 

U
H

 
I 

1
1

5
tl

8
 

N
 1

5
U

H
 

.... 
JH

 
l 

• 
R

 
ll

l 
.3

5 
71

 
45

 
1

.1
 

7
1

 
1

-7
' 

12
1 

SC
RE

EN
 

t5
-5

$
 F

T
. 

.....
.. 
~
 

u
2

, 
I 

IH
U

I 
8M

PL
B

 
PU

H
P 

N
 1

5
U

ll
 

u
, 

3 
11

 
R

 
1

1
5

.U
 

n 
u 

I.
I 

n 
1

-7
' 

8A
JI

PL
B

 P
U

M
P,

 
&

C
H

EN
 

U
2

7
 

B
 1

1
U

ll
 

J
H

 
l 

1
1

 
J
U

.t
i 

7
2

 
n 

•••
 

7
2

 
t-

7
' 

8A
JI

PL
B 

PU
M

P,
 

SC
RE

EN
 

U
2

8
 

JH
 

3 
1

2
 

u 
H

 
,.

1
 

t-
8

1
 

8A
JI

PL
B 

PU
M

P 
U

7
1

 

N
 1

5
3

U
2

 
3

H
 

• 
1 

R
 

J
U

.I
I 

11
1 

51
 

I.
I 

"·
 

25
 

-
II

 
2-

51
 

ll
l-

1
1

 
8A

JI
PL

I 
PU

M
P 

U
ll

 
I 

11
57

23
 

N
 1

53
16

1 
3

H
 

• 
2 

ll
 

tl
2

,I
I 

u 
I.

I 
u 

5-
51

 
31

1-
1 

T
.1

. 
CA

SI
N

G
 

RE
M

OV
ED

 
B

 1
1

0
1

1
 

N
 1

53
96

1 
3

H
 

• 
3 

R
 

37
2,

11
 

ll
l 

I.
I 

11
1 

NO
HE

 
t-5

11
 

C
A

SI
N

G
 

RE
M

OV
ED

 
t6

1
5

 
I 

IU
lH

 

.. -
-

-
. --

--
---

--
-

--
--

--
-~-..

. -~
 



,,. 
·:

· .. ~
 .,

 ·•
--:

.-,
,r.

~•
 .

.•
 ~

~
-

: 
-·~

-
·-

: ·-
..:

-.-
..

 --
--

·~
~-
:
-
~

 •· ~
·
 ..

..
..

..
..

..
 ·

•·
'-. 

.. 

W
EL

L 
IN

IT
. 

D
ES

IG
N

A
TI

O
N

 
CA

SI
N

G
 

D
R

IL
L 

D
EP

TH
 

D
EP

TH
 

TO
 

N
IN

-M
A

I 
DA

TE
 

--
--

--
--

--
-

CO
O

RD
IN

A
TE

S 
IL

E
V

, 
DE

PT
H 

(F
T

) 
TO

 
D

IA
, 

BO
TT

ON
 

PE
RF

O
RA

TE
D

 
CO

M
P,

 
ro

R
H

ER
 

EN
A 

N
O

, 
(H

-N
S

L
) 

(r
t)

 
NA

TE
R 

(1
11

) 
(P

T
) 

D
EP

TH
 

(I
T

) 
(N

-Y
) 

PB
SI

G
N

A
TI

O
N

 
CO

NH
EN

TS
 

--
--

--
---

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
N

 1
54

12
1 

3
H

 
4 

• 
R

 
3

7
1

.1
1

 
u 

,.
1

 
u 

5
-5

8
 

CA
SI

N
G

 
IE

N
O

V
ED

 
I 

11
61

53
 

II 
15

35
11

 
3

H
 

4 
5 

I 
4

1
2

.1
1

 
19

6 
51

 
U

,I
 

1
9

' 
11

1-
19

5 
1

-5
8

 
U

T
IS

IA
N

 N
EL

L 
u

u
 

B
 1

15
25

1 

3
H

 
4 

' 
3!

11
,1

1 
ll

4
 

I.
I 

13
4 

7
-5

8
 

C
A

SI
N

G
 

RE
M

OV
ED

 

N
 1

52
99

1 
3

H
 

4 
1 

R
 

3
1

1
,1

2
 

15
5 

3
' 

•••
 

.. 
21

 
-1

5
1

 
11

-n
 

IA
H

PL
I 

fU
N

P 
45

61
 

£ 
1

1
'8

1
2

 
fL

U
O

 
AT

 
II

 

II 
15

21
23

 
3

H
 

4 
I 

R
 

38
2,

14
 

n 
n 

, .. 
7

2
 

35
 -

51
 

1
-1

1
 

U
H

 
I 

11
71

14
 

N
 1

5
3

8
1

1
 

.....
 

3
H

 
4 

I 
R

 
1

1
1

.2
, 

n 
32

 
•••

 
u 

,-1
, 

12
1 

SC
RE

EN
 

3
1

-5
1

 H
. 

~
 

U
H

 
I 

ll
U

H
 

IA
H

PL
I 

fU
N

f 
U

1
 

N
 1

53
52

7 
3

H
 

4 
1

1
 

I 
3

1
7

.1
1

 
.. 

•••
 

1
-7

' 
IA

H
fL

I 
fU

N
P.

 
IC

ft
H

II
 

U
ll

 
I 

1
1

'4
7

1
 

N
 1

53
17

1 
3

H
 

5 
1 

I 
3

9
5

.U
 

11
2 

53
 

I.
I 

t5
 

23
 

-1
11

 
2-

51
 

31
3-

11
 

SA
H

PL
I 

fU
N

P 
U

ll
 

I 
11

41
26

 

II 
15

31
37

 
3

H
 

5 
2 

I 
3!

11
.7

5 
42

4 
I 

I.
I 

U
7

 
IIO

NB
 

7
-5

4
 

U
l-

1
3

 
C

O
N

rJ
II

IP
 A

Q
U

IF
II

 
45

75
 

I 
11

13
93

 

N
 1

53
U

II
 

3
H

 
5 

l 
I 

3
H

.I
I 

I 
11

41
71

 
3

' 
•••

 
1

, 
5-

51
 

31
1-

2 
T

,I
. 

CA
SI

N
G

 
IIE

N
O

V
ID

 

N
 1

54
18

3 
lH

 
' 

J 
R

 
38

6.
98

 
11

1 
U

H
 

E
 1

13
31

1 
u 

8
.1

 
n 

25
 

-
75

 
5-

51
 

J
U

-I
 

SA
H

PL
I 

fU
N

P 

N
'l

55
81

1 
3

H
 

8 
J 

R
 

3!
14

.8
7 

11
2 

55
 

8
.1

 
98

 
15

 -
8

l 
4-

58
 

ll
l-

5
 

SA
H

fL
B

 
PU

M
P 

44
15

 
B

 l
ll

6
5

7
 

;;
0

 
11

1 .....
 

N
 . U
1

 



;;
o 

R>
 

-t
, . N
 . 0
\ 

W
EL

i, 
IN

IT
, 

D
ES

IG
N

A
TI

O
N

 
C

A
SI

N
G

 
D

R
II

.L
 

D
EP

TH
 

D
EP

TH
 

TO
 

N
IN

-M
A

X
 

D
A

TE
 

--
--

--
--

--
-

CO
O

RD
IN

A
TJ

:S
 

EL
EV

, 
D

EP
TH

 
(F

T
) 

TO
 

D
IA

. 
BO

TT
O

N
 

PE
RF

O
RA

TE
D

 
C

O
H

P,
 

FO
RN

ER
 

EH
A 

N
O

, 
(F

T
-M

SL
) 

(F
T

) 
W

AT
ER

 
(I

N
) 

(F
T

) 
D

EP
TH

 
(F

T
) 

(N
-Y

) 
D

ES
IG

N
A

TI
O

N
 

CO
H

H
EN

TS
 

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

•·-
--

--
·--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
N

 1
5

5
7

1
1

 
3

tt
 

I 
2 

R
 

3
9

6
.1

7
 

ll
t 

53
 

1
,1

 
t5

 
43

 
-1

1
6

 
5-

51
 

3
1

3
-1

 
SA

N
PL

E
0
PU

M
P 

U
1

8
 

B
 1

12
24

2 
PL

U
G

 
AT

 
t5

 
F

T
. 

N
 1

5
6

9
4

1
 

3
tt

 
I 

3 
R

 
3

9
3

,2
1

 
11

2 
51

 
I.

I 
H

 
25

 
-

tt
 

J,,
-5

1 
3

1
3

-1
2

 
SA

M
PL

E 
PU

M
P 

U
l2

 
I 

11
35

35
 

8 
1

2
3

7
lt

 
lt

t 
• 

• 
f 

J
U

.I
I
 

6
5

 
u 

, .. 
6

5
 

n 
-

u 
t-

7
t 

8A
N

PL
I 

PU
N

P 
tH

5
 

I 
H

t6
1

1
 

. 
..

.. -
-
.
.
.
.
.
.
.
.
.
.
.
 

-
.
.

.
.
.
..

..
. 

--
~·

 
• 

• 
• 

..
. 

-
• 

~
--

-
·• 

.,.
__

 .
..

..
..

.
.

. 
,

-
· 

.
• 
~
 

••
 
-
•
 

·
-· 

.
-
.
 •

. 
, 

..
. 



REFERENCE 3 

Raw Data Sheets Showing Uranium Analysis -
-

\. 



-~ . ~ I ... . ,,,,,,,,.j ,,.;,_.j1'' .~t..'-£L ~".!.'i~ .ffp,-.:.1.C~ 1b ·11,-F- l.'A{O.> (' '1- · : ·, '"Co I 
. . ·, ;j .:..c.•c ,,., T✓,:,,,:, · ·='=~/.=J=7 -=·""':;:;=i=I '=' t.=/=.c==':= --=~ -===/=' ~=·:f.=::.R.=·==:====~=c..=-'.i=Jt==;' r_r A _ _f_(>M I 'p1f,:,-::.. p(; /..l. . ""{.; /... : .. : .• ,'.',· /.; 'p.' .. : ~;: ~;I'~ I m-3'-Jl_ / :,1 ,.-i, I Pto< '/.,ho( 1' 6.~ ~ __ i=---·-_;~_:;_.~_1-:_,;:_·-··· _ 

W 'I <I</ 3 I -~..s--s-oc. I , "1 o31 ,l. _ C,.2.. ...r ___ /:,-!''l 0 '~ 

·) 'I~ '11 -b b'i3 I i I 80 j 
_.!:l..::;~_-,~.;__----l_o~·J_.'\_._;--'-/_-_Z,_{ -=8 ...... "1_1 ___ : .l...fro2..:_. y,/t_oJ I /S° ~ 1• /J:, :L ' --____ ...__ _____ --------_..;_;__, . ..,:__..;..:_;;::it1-----.....--~------~-----,---1_1------------' 
1tlb 1 1-n-sr. 1 ✓ 1 -a.a . 

I h'J1- 2Y -31.. _...tl..!1\-·-- !f..!./tO'I ----,t1 ___ 1 _. --------'-=-=-------1'-----· -~·-· 
~ &3 ff I -S'f - j t/- _ { __ : b.'l to2:_-.L.'I:.:...:..• /..:...:io=2.:.jL -----'-----....L.:...~--'---+-----lf--- :-·--· --·j-

' I I 

I 
'. SS? -1 
: 
I .:l :l.. 

i ; /-., Y-"S! , .,,, 
-~ y6 'l.. l t,'jq-£]-l.'U', · Yll,g 1 ___ _ ~S:.:_,1!...!t.::.o'2:=-! --''fL:.:,1:::.;+-:..::o:!::2!:-' _____ _; ___ ~-~....;.....:.--,----,---"---L---'--

._!1_£.f'6 ·1 bl,-,1-11'._l_i .~1-,to1-t~,-- _· _______ .......;__ _____ _.__ - ·--· 

' __ __,,_1 ___ ----1---~I-----.---;...----:----'------------____ :_ 
- ·- /.-:i,-4, l:l,,_ , I ,. {., ·1 

_ JO],</ 7"'/Ci'- ;f-3_-:- VI'( '.~_::d_l_~:.~-~H:...::oc..;;:t.~--=-------t-----/,--+....a..:-..--.:...'':l. .... '1~~--...r-'--'-1'l._t-"3~,2.=-:•---'· _____ )').o.- _ -· . 
-,~ -1 . I "I .;' J. ,-.,.~, ..... 

0( -3-I ---1· t1~ :-1,Hoi: 'J',/to1.J 0,2. i 0,.33 1,,11,c,.,.'___ .!i.'-
. 2 2. • J . , . 1 , .> •• -, , ,, 

1 

---~j -1-1 ____ :~_·//-< -,., • 02.. :,,.0 ·. · ..:l,s ✓ _o,.,, ~ 11 ... ,11 ,..,.() ·----. ____ ~ ~-

, ~- -/-¥ '--1---- 1/¥ -:LHo ,,lt-01-i ____ _ :l, :::' ./__a,40 f,_'1_2_~1"1_.•_~,;;;..o::...✓, ______ -~--1:~'!_-:_ __ . 
; - i . ' 20 A I ~ . 7 -- ' ::,-' rP __ f.~.~0-· ---~-· LL~L/-~_

7
1_ 1L,__ ... __ 1

31 
~..5 ,.1 /.Ofol... 'f,/ to~ ------~~~ _!)~_J_z.._~-; _3 ___ ,..,lc..:.'t....c.t_,'1_,•l~~:..-

6 

_____ · ___ !·}~-- .. _ 
. Db-mr:t L(S'e2_ 1. T ,15. 7,lt-01- 1/,2.to~ /. 'I ✓ ~-'/l. ~-lf~'{-L-_.1....._l...:.'-l_2_ts:.;;:....:::3· __ 0_____ ~~7-

(i) ··-'/bl 'I ' -J--/!__1___ , IJ"'t/f') :'fSt-01.I 'f,Uo~ £,'I • I,~ ~ O,S-3 (),t/O .,., 31 J.18t'l.o', _____ t{o., 

f 
. '{ 8tJb I . -/-5 ____ :_13 r,_t~ 1.1~0, _'_ '{_,_lt_o_t-~1 _____ ... ~ .i..!:.'?:.("~--ii.j_~.l?q,{ . _ !?; ~--·-

- IL J . I / ~.:. ✓ · j ✓ ✓- ,s-. @ _ _ ,J? 7 ! - ,..t, ___ _ ··-----·· ' !JY. ~LS'to"Lj'l-lto1..! .2,I ✓ _/J,J_'f_.>_f.2-__ "fl.tJ:~-- . t ·LQ-; 

! /'f .,, 

:18' .J 
j 

I ,'!"'., ; .. ,.J,=£°c ,,.:,c.. /<f' -•;_.~ ~.,,,. ✓.~c: //.JC:b.J.T 1· 

w . 



;o 
11) 

-ti . 
t,J 
• 
"' 

' Er, A -
Ktt/, ,.-· .. , ._ 

@ 

w 
(!) 

OG 

-tp/09 

41/1 
1t/(:Z 

'/6-:Y..6 

qb30 --8KG .... 1./'i?b~ 
·pv 
.-,.(j) 11?.70 

'It./ 2..(J 

-f'-/2(/ 

~S-13 

L/ .::2. (:> 

'ITll 
'l-~31 

~!:'n7 

l.J."::O'-/ 

1--,--· :> ___ .. ., 

·-

' ' .. 
,-'j.1-

/....oc,1np,v lJAre plA/.t. 

:Z•;}O·f6 
'1'11-8-1 - ~7c./-, S,0!14· 

-6-1 ~.S'!'N 

-s-, ~S"tJci 

-~-'J '/-,3 t:1•1 

-3-~ /btM.; 

-t/-10 f/-J: l'I- • 

-<i?-4 . 
1rr14 

-3-/-:i_ ' I J'lr11/ .. 

{.,9ci-or·3-< 
. :i.-:i.. /-'i{,, 

'RI c./1?' 

-~-r2.-03 

-01-IP. 

-02.-11Ao 

-O'tf· J.~ 

-I 1-ofA 'I 

~-:l./·ll'2 
.L.jj-S-os~-a•i B 'X' I </Cf 

I 

S-o6E-o'(J, 

S-031;-/2 \ I 

• • -- - ·- ·- - · . -

. .. - ·• · · . .. ... ... . ··-· r···-· · - if .. 
,J• 3 :te,cu~ )'> p"=· ~-r1.1 · ..1 Q . _, ?t, ~ •f..e .rE~ . ~ ,._' •'·•· 

i 

tG/1. ~~ /-'l pc;- I .,A.' : PPG PPM ,,,,,.,,JI,:, 1,c; ,~ ~tr, rC.·/-'. p(l/2_ 
-I 

:3b -$,,< 
~, Jtu1 'f. I t-oi I o.7'-/.,. o. 2. 7, , ,,,tl.3• , . '!<1.7' 

13,0"' 
,, -....;., 

~-"11·0'2. '(. ltO'L. . cJ,ll" 6Cf .. 'f .2 ~ ,. "2. tr.3 • 
I 

I /S° 
J ,3 t-O'l. '1· ltOl. I ::z,9 , t:), 2.l/ • /J.o r S"/ .!~I• ... t-2.L 

'I -Ito{ i .t,o , _,...0,3 t/-, 10 ., U t Y.'\· 
1:r 

b , 1tO'l. ~1..0 
.,, 

I ' ,:;';, l '9b 
., v, 2. 

.:2.t"'tOL '/.1to1.. : I .9 • /.,,(:, . 0, 3_s";. ... 7,1tl.-~ + .. -?.fl 
, .. [)6 /. I 

C,. 1..to"l V,.2..-fO't ,. i I.\ . ..::l, :l... 0,3~. L/3 • 3.l ts:,; !"7. 'Lo . . 

I ,2. 3 I S::!.. 
.. 

(71((; 7. 7 
~. 3 #'O'l. '/,Ito~ .:• . 0 ,&43., , s.1 ·11..1 :Lll ., 

/. 7-toJ '/,J-#·02...; . l.'3 t.o , I J,2. 0,2.'\., 1-3· ~ ,. .,. t6 7 . 0 
' Jo.'f,1 '!:.19 ., 

v.11-oZ:. :2.~ J,2+02. . .,, 

v.1-to{ ! 30 I 
.l. 7 i-c>'l .. .. .. . ,., 
5,~-f·VI./ 53 

::1: /7 
I 

, . '3to2 '/,/ta~ ' . 

"(,.2..-fo'f• 
I' .~ i trl 

~o , .. .. rz~ 
i,......-- - ·- .) At «L:-r ~ ,~\ ( 17) ') . . r.sto-i 'f./to2. ;_.,, . - - ' ' . 

✓ 

i/,K 
... 

.1-'ltolf b,if-O'Z.. ; ., 1,1,u.o 

),.>t·o4 60 • '(, 7!2,7· 

'f,Ito{ 
; 57 'f,Oto3 II .. 
I . 

.-.n ! ... -·•r• 
· • - · .. 

_ ... --- -- - - ·-



-

REFERENCE 4 

Pur1f1cat1on of Uranium by IBMK (HEXONE) Extraction, 

UST-RO-PM-9-80, January 1986 



Ln 
'::r"' 
r--.... 
c:::, 

,; 
co ,_ 
C"-J 
~ -........ 
~ 

20-u-02-01 
Rav. No. 2, l/86 
UST-RD-PM-9-80 

PURIFICATION OF URANIUM BY IBNK 
(H£XON£) EXTRACTION 

Principles and Limitations 

uranium, as tetrapropylammonium uranyl trinitrate, is 
extracted from an acidic solution of acid deficient aluminum 
nitrate and ~•trapropylammonium hydroxide with isobutylmethyl 
ketone (IBMK). Less than l\ of the one-year-cooled fission 
products are extracted. Most anions, with th• exception of 
tungstate and ferrocyanide in high mole ratios to uranium do 

·not affect th• extraction. Americium, curium, and neptunium 
do not extract to any appreciable extent, whereas plutonium as 
Pu(VI) will extract. The Uranium is recovered by back 
extraction into water while evaporating cha ketone. Chemical 
recoveries are determined using standard uranium or U-232 
yield monitors. 

Literature References 

Boomdn, c. L., and Rein, J. E., "Uranium,• Treatise on 
Analytical Chemistry, edited by I. M. Kolthoff and P. J. 
Elving, Part II, Volume 9, Inter-Scien~• Publishers, New York, 
1962, pp l-188. 

Maack, w. J., Booman, c. L., Elliott, M. C., and Rain, J. £., 
•separation of Uranium from Diverse Ions,• Anal. Chem., Volume 
1.2,_, l9S8, p 1902. 

Niet:el, o. A. and de Sesa, M.A., •spectrophotometric 
Determination of Uranium with Thiocyanate,• Anal. Chem., U,_, 
1957, p. 756. 

Reaaants 

All reagents are prepared from analytical reagent grade 
chemicals. Class IO.I. water is used chroughouc this proce
dure. 

l6N HNO3 - stock reagent. 

JO\ Hydrogen peroxide. 

l0\ Tetrapropylammonium hydroxide. 

2M HNO3 - Pour 12S mL of l6M HNO3 into O.I. water and dilute 
to l liter. 

DR.2:(7,7]146 Ref. 4.J. 
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Isobutylmethyl ketone - stock reagent. Also called hexone a nd 
IBMK. 

Ruthenium Oya - Z grams ruthenium trichloride hydrate 
dissolved and diluted to l liter with o. I. water. 

Z.8M Al(N03)3 Salting Solution, lM Acid Ceficiant: 

l. Place 1050 grams (2.Jl lb) Al(N03)3·9Hz0 into a 2 
liter beaker. 

z. 

3. 

4 • 

Dilute to 900 mL with c . I. Water. Warm until 
dissolved. · 

Add 67.S mL of concentrated NH 4oH (ammonium 
hydroxid~) and stir for several minutes until the 
hydroxide precipitate dissolves. 

Cool to lass than SO daqrees C and dilJca 
approximately to the l liter mark with c. I. Water. 

5. Remove any uranium contamination by placinq the 
salting solution in a 2 liter separatory funnel, 
adding about 200 mL of !BMK and shaking manually for 

· 5 minutes. Crain the salting solution b~~k in the 2 
l i t~r beaker. Crain the IBMK to a 400 mL beaker 
containing 2S mL o.t. water. 

6. Check the solution for uranium contamination by 
evaporating the IBMK to dryness. Plata on l l/2" 
dish and count SO minutes for possible alpha 
contamination. After reviewing the data, your 
supervisor will determine whether the salting 
solution is ready for use or if it is necessary to 
repeat step 5. A count rate less than tan times the 
background would indicate further decontamination of 
the salting solution unnecessary. This is based on 
a 90, decontamination efficiency. 

7. Add 10 mL of tetrapropylammonium hydroxide and st i r 
until dissolution is complete. 

£auioment and Materials 

8 position stirring unit 

l l/2 or 2 inch magnetic stir bars 

beakers: SO, lOO or 2S0-mL 

OR2: ( 7, 7 J l 4 6 . Ref. 4.2 
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heat: lamp 

-r--o lit:er beaker and separat:ory funnel for reagent: 
purific:at:ion 

Proc:edura 

•Refer t:o procedure 30-SA-SP for Sioassay Samples or 30-ENV-SP 
for Environment:al Samples for t:he appropriat:e bioassay or 
anvironment:al sample praparat:ion proc:adure. 

l. 

2. 

Boil t:h• solut:ion from a sample praparat:ion procedure t:o 
near dryness or unt:il solids start forming. If t:he 
sample becomes dry or solidified, add l mL (or more as 
necessary) of 2M HN03. 

Add lO mL of Al(N03)2 salt:ing solution for aac:h l-2 mL of 
sample. The salt:s from 100 mL of urine c:an be 
dissolved/suspended in about l mL of 2M HNOj. Example: 
Sample volume is -3 mL. Use 20 mL of Al(N03)2 salting 
solut:ion. 

J. Add l mL ruthenium dye and one teflon c:oat:ad magnecic: 
stirring bar. 

KEY POINT: The ruthenium dye assists in det:armining 
phase separat:ion. Rut:hanium remains in the 
aqueous phase (lower layer) and is black in 
c:~lor. The organic (upper layer) phase 
should be c:olorlass. 

4. Add 10 mL of IBMK (hexone) and stir for five minucas on a 
magnacic: stirrer. 

S. Remove cha beaker from the scirrer and allow the phases 
co s•p•rat:e. 

KEY POINT: If cha phases won't separate within 10 
minut:es, separat:ion c:an be achieved by 
c:ant:rifuging. 

6. Carefully pour most of th• · ISMK (upper layer) into a 
labeled SO mL beaker. At least 90% of IBMK can be poured 
off in this way. 

KEY POINT: If !!!.:f_boctom layer goes into cha 30 mL 
beaker, remove it with 3 pip~t and transfer 
to cha original beaker, or recombine the 
layers and try 'the separation again. 

7. Add a second 10 mL of IBMK and stir for 2-3 minutes • 

. CR2:[7,7)l46 Ref. 4. 3 
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R.apeae seeps Sand 6, combining wieh cha firse IBMK. 

a. Placa cha so mL beakers under a heat lamp in the order of 
increasing sample ideneificaeion number and fill each 
beaker co the 40 mL mark wieh c. I. Water. £vaporata to 
dryness. 

9. 

KEY POINT: 1. Arranging the beakers in order will avoid 
any error in e~s• th• ISMK removes any 
identification from cha beaker. 

2. Water helps to control cha temperature. 
IBMK can boil under heat lamp 
tamperaeures. When chis happens, the 
sample will turn yellow in color and dry 
to a dark residue. Wat-ash with a few m~ 
l6M HNO3 and a few drops of JO\ H2O3 . 

Depending on cha type of uranium analysis r,quasead on 
th• sample, ptocaed co one of cha following three 
procedures: 

a) Only Uranium Isotopic · is R.aquastad - Proceed to the 
£leccrodaposicion Procedure, J0-£O-02. 

o) Only Natural uranium raquestad ~ Proceed to 
"tluoromecic Cecerminacion of uranium," 20-U-0J or 
"Determination of Uranium by Kinetic Phosphorescence 
Analysis", 20-u-os. 

t. A ST P A G £ 

CR.2: [ 7, 7] l 4 6 
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FLUOROMETRIC OETERMINATION OF URANIUM 
FOL~OWING PURIFICATION 

Principles and Limitations 

Th• residue from the uranium Purification Procedures 
(20-U-Ol) or (20-U-02) is dissolved for fluorometric 
determination of total uranium. Th• method involves fusion of 
th• sample in a sodium and lithium fluoride flux at l7SOOF and 
me•surement of th• yellow-green uranium fluorescence using a 
fluorophotometer . To adjust for interferences and to quantify 
th• sample reading, a known amount of .natural uranium is added 
to a duplicate aliquot and measured similarly. The 
fluorometric method can be affected by sample matrix 
interferences such as quenching agents (i.e., iron) and 
fluorescent agents (i.e. organics). 

Literature References 

Scoman, G.L. and Rain, J.E., •uranium•, Treatise on Analvtical 
Chemistry, edited by I.M. Kolthoff and P.J. Elving, Part II, 
Vol. 2_, Interscience Publishers, New York, 1962, pp. l-188. 

Reaoents 

2M HN03 

Flux for Fluorometric Uranium Catermination 

l. Add 9.l g fluoro~etric grade lithium fluoride to al 
pound (4S4g) bottle of fluorometric grade sodium 
fluoride. Seal th• bottle and mix overnight on a rolling 
mixer. 

2. Cheek cha prepared flux by fusing S blanks and S spikes 
containing known quantities of uranium and read on a 
fluorometer prior to use. 

3. Spikes should read within lO\ of normal values. 
are axpec~ad to read lass than o.ooso. 

Eguipment and Materials 

Beakers, l-L and 250-mL 
Covered metal racks for holding platinum dishes 
Platinum dishes 

CR2:[7,7)147 

Blanks 

Ref. 4.5 
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Calculacions - Uranium Radiomecrlc Yield 
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dpc: • councing efficiency as disincegracion per counc 

Y • sample yield• (cpm)(dpc:)/(dpm uranium added co the 
spike sample) 

Calculacions - uranium Fluoromecric 

SAM • 

Bt. • 

SP • 

SPC • 

y -
VT -
v,.. • 

Sample reading 

Blank reading 

Spika plus sample reading 

Spike value in micrograms per mt. 

Radiomecric spike yield. Use Ya 1.0 if resulc i s 
~oc co oa yield ccrrecced 

Tocal sample volume 

Sample volume analyzed 

VR - Volume of 2M HN03 co dissolve res1aue (seep l). Usa 
4 mt. for CO£ bioassay sampl•s, 10 mt. for all ochers. 

V -
SAM at. 

Aliquot of VR 

SPC (O.OS mt.) VR v~ 
-------- x ------------- x ------ x ----- • ug U/sam9la 
SP - SAM '{ V VA 

This calculacion may be used for solid sample by dividing by 
sample weighc in grams. 

Sec~ion A: Qualicy Concrol 

l. Qualicy concrol checks are co be performed every ciay chac 
samples are to be inaly:ed by the fluoromecric procedure. 

2. Sec up cha platinum dishes on a covered mecal rack, 
placing 4 low-level dishes and J spike dishes in cw~ 

nR?:fi,71147 Ref. 4.6 



-~; ,--._ 
c=, 

' co -l!""-.J 
N"') -......... 
er-,. 

r, 

-::~, 
, _ -,"'! • 

-~-···~·::~ 
:.- J ... -. 

.-

separate rows. 

20-U-03-03 
Rev. No. 2, l/86 
UST-RD-PM-9-80 

KEY POINT: The extra low-level dish is for the blank 
sample. The spike dishes should be in the 
front row. Th• rows are separated to · 
minimi:• cross-contamination. 

3. Add exactly 100 ut. ( microliters) of QC tl to a low-leve l 
dish ~nd co the spike dish. 

4. Repeat Step i3 for QC *2 and QC ~3 spikes. 

s. 

6. 

7. 

s. 

Add ex~ctly SO ut. of natural uranium standard co each 
spike dish. 

Add 100 ut. of 2M HNO3 co every dish. 

Place the r~ck supporting the samples under a heat lamp . 

Prepare a Fluorometric Analysis Sheet as shown in 
Procedure t60-23-0l and below: 

Sample vol. 100 ut. 
Spike vol. 30 uc. 
Spike cone. (value on bottle) 
Fusion time 3 minutes 

9. Remove the QC rack ~rom under the heat lamp when the 
dishes are dry. After the QC samples are measurad tak e 
th• data to your supervisor for evaluation. Go to 
Section C, Fluorometric Analyst~. 

Section a: Samele Dissolution and Uranium Radiometric Yield 

l. To the residue from a uranium purification procedure , add 
exactly 10 mt. (4 mt. for COE bioassay samples) of 2M HNO 3 . 
Swirl co eff•ct dissolution. 

NOTE: If the results are to be yield-corrected, go co 
step 2. If not proca•d co Section c. 

2. Transfer exactly l mL to a previously labeled l.3 inch 
s.s. planchet and dry under a heat lamp. Co ~o Section 

· C, Fluorometric Analysis. 

3. Count the planchet for SO minutes wich an alpha pro
portional counter to determine the U-232 tracer yield . 

CR2:[7,7]l47 
Ref. 4.7 
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Section C: Fluorometric Analvsis 

1. Analy%e Hanford COE and RMI urine samples in duplicate 
(two spike dish~s and two low-level dishes for each 
sample). Others: one 3pike, one low-level dish par 
sample . 

2. S•t up platinum dishes for the samples on a rack. ?lace 
a corresponding spike dish in front of each low-level 
dish. Add one extra low-level dish for the blank after 
each sat of four samples. 

3 . Pipet 50 uL of uranium standard containing about 10 
micrograms uranium per milliliter into each spike dish. 

Swirl th• sample $Olutions well and pipet 200 uL (100 uL 
for t~A samples) into each set of spike and pon-spik4 
dishes per sample. Maintain identification by a mapped 
arrangement. 

3. Place the sample rack under a heat lamp and siowly take 
all dishes to dryness . 

6 • ?repare to fuse the samples on the fusion wheel as 
follows: 

a. Turn on the air purifier. 
b. Turn on the burner exhaust fan. 
c. Open the air valve. 
d. Open the gas tank valve several t~rns. 
e. Light the burners. 
f. Adjust th• burners to obtain the desired flame. 

7. Place a NaF-LiF flux pellet on each dish. 

8 . Place the dishes on the fusion wheel in a sample-spike, 
sample-spike order, and set th• ti~er for three minutes. 
The fusion temperature is regulated between 1750 and 1780 
aegrees F. Each sample is fused twice. Retain dish 
identification by maintaining a consistent order 
throughout the fusing and reading process. 

9. While th• samples are fusing, set up the fluorom~tar as 
follows: 

a. Open the light shutter, which is kapt closed when not 
measuring samples. 

b. Set the raadin9 at zero on all scales. 

c. Sec th• t8 position standard to read 3 . 

CR2:(7,7Jl47 Ref . 4. 3 
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KEY POINT: It is nacess•ry to push the middle button on 
th• digital readout if •oL• appears on the 
display. 

d. Th• 19 position standard should read lass than .002s. 
If it is above .0025, the fluorometer may need 
service. Consult your supervisor. 

•· Recheck th• zero. 

l0. Remove th• samples to the metal racks after they have 
cooled from the second fusion. 

ll. Prepare th• analysis sheet by recording the sample 
number, volume of sample analyzed, volume of ~ranium 
spike used, strength of uranium spike initia}s of 
technician, date of analysis and any other comments 
pertinent to the analysis. See section 60-23 for 
instructions. 

12. Tran~fer each sample to the platinum dish holder in the 
fluorometer, close th• cover, move sample into position, 
and r .ecord cha dial reading on the analysis sheet~ 

lJ. After reading the sample, remove the platinum dish from 
th• fluorometer, discard the pellet, and place th• 
platinum dishes in its appropriate "low-level" or "spike" 
beaker. 

l4. Add about 200 mL of l6M HNO3 to each l liter beaker 
containing th• platinum dishes. Place on an oscillating 
hot plate and boil for about l hour. Remove and allow co 
~ool. Decant the HNO3 acid to a cup sink with running 
water. Rinse with o.I. water liberally and decant to cha 
sink. 

KEY POINT: Allow the tap water to run in cha sink for 
at lease five minutes co dilute cha acid. 

lS. Repeat step ll. 

16. Add about 200 mL of D.t. water to each beaker and place 
on hot plate again and allow to boil for 30 minutes. 
Decant D.t. water and rinse twice with D.I. water.· 
Remove as much wac~r as possible · and transfer dishes to 
2S0 mL beakers labeled appropriately. The platinum 
dishes are now ready for re-use. 

OR2:(7,7]l47 Ref. 4. 9 
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Printouts of Uranium Concentration from Hanford Ground Water Data Base 
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portion of the 300 Area by rainwater is therefore highly improbable. Ther~ 
are no natural streams or watercourses other than the Columbia River within or 
adjacent to the 300 Area. 

Graund water enters the 300 Area from the northwest, west, and southwest 
and flows into the Columbia Riv~r. Throughout most of the 300 Area, the 
ground water fluws toward the east and southeast. Only in the southem 
portion of the area does the ground water flow in a northeasterly direction. 
Th~ water table generdlly slopes downward from west to edSt; depth to ground 
Wdter is from 10 to 15 meters {34 to _48 ft}. Variations in the river level, 
ground-water withdrawal from area wells, and discharge of waste Wdter to the 
process ponds and leaching trenches cause variations in the level of the water 
tdble • 

The residence neart!st the 300 Area is approxillldtely l.5 kil'ometers 
(0.9 mi} east across the Columbid River. A number of irrigated fanns are 
locdted just across the river from the 300 Area. The nor.them part of 
Richland, lying within about 4 kilometers (2.5 mi) of the 300 Area, is an 
indus·trial park. The nearest residences in Richland are abuut 4.6 kilometers 
(2.9 mi) ·from the 300-Area boundary. The nedrest city water intake is the . 
Richldnd pumping station, 6 kilometers (3.7 mi} downstream from the 300 Area. 

Most of the facilities in the 300 Area, completed in 1943 and the yedrs 
inmediately following, were used to support the fabrication of reactor fuel. 
The activities. here included many technical and service support functions. as 
well as fuel 1114nufacturing. As the Hanford production redctors w~re shut 
down, fuel-manufacturing activities decreased and other activities incredsed. 
Thus, for over 15 years, research and development programs hdve constituted a 
major part of the ~ctivities in the 300 A~a. The newer facilities mostly · 
house ldboratories and large test facilities in support of peaceful uses of 
plutonium, reactor-fuels development, liquid-metal technology, fast-flux test 
facility support, gas-cooled reactor progri:lllls, and life-sciences programs. 

Fuel elements _are fabricatt!d by a coextrusion process. This process 
fonns the zirconium cladding and the uranium-silicon futtl core from primary 
material components and bonds the two together in one vperation. The fuel 
elements are protected with d copper jacket for th~ extrusion process. The 
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jacket dlso prevents atmospheric contamination of the reactive fuel element, 
and the copper is easily lubricated for extrusion. Lubricants are removed 
using organic solvents such as trichlorol:!thylene. After extrusion into 
billets, the c~pper is removed ,by dissolution into nitric acid. The uranium 
core is recessed by chemical milling so that the billets can receive an end 
cap. The chemical milling is perfonned using copper sulfatd, nitric acid, and 
sulfuric acid. A zirconium end cap is them brazed on with beryllium. The 
fuel elements are tested for cap attachment, cap to core bonding, cladding to 
core bond;ng, and clddding tu cap bonding before fuel-~l~ent supports and 
locking clips are attached. Next, the tubes are autoclaved for 72 hours in 
360°C (680°F) steam to detect any perforations in the cladding or end caps. 
Finally, the elements are packaged for storage and shipml:!nt. 

The 300 Area contains a number of support facilities, including a 
convertible oil/coal powerhouse for process steam production, raw-water 
intake, treatment, and storage, and other facilities necessary to support 
fuels production, research, and development. Slightly more than 3,000 workars 
are ~ployed in th~ 300 Area (Vandon 1977); 

2.3.4 400 Area 

The 400 Area is a controlled area of about 0.5 square kilometer 
(130 acres) located in the southeast part of the Hanford Site; i t is approxi
mately 7.2 kilometers (4.5 mi) from the Columbia River and 6.2 kilometers 
(3.9 mi) from the nearest Site boundary. 

The area is located at an elevation of about 170 meters (558 ft) above 
MSL. The land around the site slopes gently away to the south and east toward 

the Columbia and Yakima rivers. The site is devoid of prominent topographic 
fedtures. 

The glaciofluvial deposits upon which the 400 Area is located extend from 
the surface to a depth of about 45 meters (148 ft). The surface sediments are 
coarse sands merging into the coarse Pasco gravels. The wat~r table benedth 
the 400 Area is in the upper part of the Ringold Fonnation, at a depth of 
about 50 met=rs (164 ft). 
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~0. BACKGROUNDINFORMATION 
2.1. DESCRIPTION OF THE HANFORD SITE 

K. R. Prfca, P. J. Mitchell, and M. 0. Freshhty 

Th• U.S. Department of Energy's Hanford Site Is located In a rural region cf south• 
astam Washington and occupies an area of 1,500 km2. TI,ft Site ( shown In Fig• 
ure 2.1) lies about 320 km northeast of Portland, Oregon, ~:''l !<m stl•..:theast of 
Seattle. Washington, and 200 km southwest of Spokane, Washingtr,n. The Columbia 
River flows through the nonhem edge of the Hanford Site and forms part of the 
eastern boundary. The southem boundary of the Sita Includes the Rattlesnake Hills, 
which exceed 1000 m In elevatlon. Both confined and unconfined aquifers are 
present beneath the Site. Th• main gaologlc units ara the Columbia River Basalt 
Group, the Ringold Formation, and a serfes of glaclofluvtal sediments. Tha Hanford 
Project was establlshad In 1943 and was onglnally designed, built, and operated to 
produca plutonium for nuclear weapons. 

SURF ACS CHARACTERISTICS OF THE 
SITE 

The semiarid land on which the Hanford Site is 
located has a sparse covering of desert shrubs 
and . drought-resistant grasses. The most 
broadly distributed type of vegetation on the 
Sita is the sagebrustvcheatgraSS/bluegrass com
munity. Most abundant of the mammals is the 
Great Basin pocket mou~e. Of the big-game ani
mals, the mule deer is the most abundant, while 
the cottontail rabbit is the most abundant of the 
small-game animals. Coyotes are also abundant. 
The bald eagle is a regular winter visitor to the 
relatively large areas of uninhabited land ccm
prising the Hanford Site. 

The Columbia River, which originates in the 
mountains of eastern British CQlumbia, Canada, 
flows through the northern edge of the Hanford 
Site and forms part of the Hanford Site's eastern 
boundary. The river drains a totat area of 
approximately 70,800 ~ enroute to the Pacific 
Ocean. The flow of the Columbia River is 
regulated by 11 dams within the United States, 7 
upstream and 4 downstream of the Site. Priest 
Rapids Dam is the nearest impoundment up
stream of the Site, and McNary Dam is the 
nearest dam downstream. {The Hanford reach of 
the Columbia River extends from Priest Rapids 
Dam to the head of Lake Wallula. which is 
created by McNary Dam.) This is the only stretch 
of the Columbia River within the U.S. that is not 
impounded by a dam. The width of the river 

2.1 

varies from approximately 300 m to about 1000 
m. The flow through this stretch of the river is 
relatively swift, with numerous bends and several 
islands present throughout the reach. 

The flow rate of !he <:oiumbia River in this region 
is regulated primarily by Priest Rapids Dam. 
Hanford reach flows fluctuate sig'nificantly 
because of the relatively small storage capacity 
and operational practices of the nearby upstream 
dams. A minimum flow rate of 1 , 000 cubic 
meters per second (m-J 1s) [36,000 cubic feet per 
second (cts)) has ~en established at Priest 
Rapids. Ty9ical daily flows range from 1,000 
rn3ts {36,000 cts) to 7,000 m3ts (250 ,000 cts) 
with peak spring runoff flows of up to 12,600 
rriJ1s (450,000 cts) being recorded. Typical 
annual average flows at Priest Rapids Dam are 
3,100 m3ts (110.000 cfs) to 3.400 m3ts 
(120,000 cfs). Monthly mean flows typically peak 
from April through .JunP. and are at the lowest 
levels from s~f.' t•~wh :· th:!.!c;ft October. 

The temperature of the Columbia River varies 
seasonally. Minimum temperatures are ob
served during January and February while maxi
mum temperatures typically occur during August 
and September. Monthly temperatures for the 
river range from ~r.-:-m.~im;1tcly ·re to about 20°c 
during the ~c~, ~e ._ r a ye..ir. Water storage 
management practices at upstream dams and 
the flow rate of the river dictate. to a large extent, 
the thermal characteristics ot the Columbia River 
along the Hanford reach. 
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The Columbia River system has been developed 
extensively for hydroelectric power, flood con
trol, navigation, irrigation, and municipai and 
industriai water supplies. In addition, the Han
ford reach is used for a variety of recreational 
activities including fishing, hunting, boating, 
water skiing, and swimming. The State of 
Washington has ciassified the stretch of the 
Columbia River from the Washington-Oregon 
border to Grand Coulee Dam (which includes the 
Hanford reach) as Class A and established water 
quality criteria and water use guidelines for this 
dasS designation. Because these criteria do not 
inctude specific limits for radlonuclides, Environ
mental Protection Agency (EPA) and State of 
Washington drinking water limits were used for 
comparison. Other surface water on the Site 
consists of West Lake (a small, natural pond) 
and a number of ditches and artificial ponds 
created for 10utine disposal of waste water. 

Hanford's dimate is dry and mild: the area 
receives approximately 16 cm of precipitation 
annually. About 40% of the total precipitation 
occurs during November, December, and Janu
ary; only 1.0% falls in July, August, and Septem
ber. Approximately 45% of all precipitation from 
December through February is snow. The aver
age mini1T1Jm and maximum temperatures in July 
are 16°C and 32°C. For January, the average 
temperatures are 3°C and ~c. 

Monthly average wind speeds range from about 
10 km/h in the summer to 14 km/h in the winter. 
The prevailing regional winds are from the 
northwest, with occasional cold-air drainage into 
vaileys and occurrences of strong crosswinds. 
The region is a typical desert area with frequent 
strong inversions that occur at night and break 
during the day, resulting In unstable and 
turculent wind conditions. 

Land near the Hanford Site is primarily used fer 
agriculture and for livestock grazing. Agricultural 
lands are found north and east of the Columbia 
River and south of the Yakima River. These 
areas contain orchards. vineyards, and fields of 
alfalfa, wheat. and vegetables. The Hanford Site 
north of the Columbia River is shared between a 
state wildlife management area and a federal 
wildlife refuge. The northeast slope of the Rattle
snake Hills along the southwestern boundary of 
the Site is designated as the Arid Lands Ecology 
Reserve (ALE) and is used for ecological 
resean:h by DOE. 
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The major population center nearest to the Han
ford Site is the Tri-Cities area (Richland, Pasco, 
and Kennewick), which is situated on the Colum• 
bia River downstream from the Site and has a 
population of approximately 90,000. Approxi
mately 340,000 people live within an 80-km 
radius of the Hanford Site. This number includes 
people living in the Tri-Cities, the Yakima area. 
several smail communities, and the surrounding 
agria.attural area. More detail on Site charac
teristics and activities is available in -rhe Flnai 
Environmentai Statement, Waste Management 
Operations. Hanford Reservation· (ERDA 1975). 

SUBSURFACE CHARACTERISTICS OF 
THESITE 

The DOE operations on tl:'le Site have resulted. in 
the production of large volumes of waste water 
that have historically been discha~ ed to the 
ground through cribs, ditches, and ponds. 
These discharges greatly influence the physics 
and chemistry of the subsurface. Af:lproximately 
25 billion liters of liquid effluent in the 200 Areas 
and 2.6 billion liters of liquid effluent in the 
1 0ON Area were disposed to the ground during 
1986, including process cooling water and water 
containing low-level radioactive wastes. The dis
charge of waste water to the ground at the 
Hanford Site began in the mid-forties and 
reached a peak in 1955. After 1955, discharge 
to cribs declined because of improved treatment 
of waste streams and the deactivation of various 
facilities (Graham et al. 1981). Since the restart 
of the Plutonium and Ura"ium Extraction 
(PUREX) Plant and related facilities in late 1983, 
discharge of PUREX-related effluents has 
resumed. 

Subsurface structures, such as cribs, have 
primarily been used for the disposat of water 

· containing radioactive wastes, while surface 
ponds and ditches have primarily been used fer 
the disposat of uncontaminated cooling water 
(Graham et al. 1981). Sanitary wastes are 
discharged to the ground via tile fields. The 
majority of liquid disposai occurred in the Separa
tions Area, which includes the 200-East (200E) 
and 200-West (200W} Areas (Figure 2.1). 
Smaller amounts of waste water were disposed 
in the 100 and 300 Areas. Discharges of waste 
water to the ground in the 400 Area were 
minimal. 
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Geologie and hydrologic properties of the sub
surlac::e, including stratigraphy and physical and 
chemical properties of the host rock, influence 
the movement of the liquid effluents. The 
geology and hydrology beneath the Site and the 
physical nature of liquid effluent movement are 
described in more detail in the following 
sections. 

Geology 

The main geologic units beneath the Hanford 
Site include, in ascending order, the Columbia 
River Basalt Group, the Ringold Formation, and a 
series of glaciofluvial sediments informally known 
as the Hanford formation. A generalized geo
logic cross section of the Site is shown in F"igure 
2.2. 
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The Columbia River Basalt Group is a thick series 
of basalt flows. The basalts have been warped 
and folded, producing anticlines that, in some 
places, crop out at the land surface. The Ringold 
Formation overlies the basalts except in some 
localized areas. This formation consists of fluvial 
and lacustrine sediments and is separated into 
four lithclogic units: basal, lower, middle, and 
upper. The basal and middle units consist 
mostly of semiconsolidated gravels and sands, 
whereas the lower and upper units cr,nsist 
mainly of bedded silts and sands. Beneath the 
200-West Area, sediments of the upper Ringold 
Formation have been rewcr1<ed by the wind and 
deposited as a silt layer called the Palouse soil. 
The Hanford formation rests atop the Ringold 
Formation or Palouse soil. The Hanford forma
tion also rests atop basalts in places where 
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FIGURE 2.2. Geologic Cross Section of theSite (modified from Tallman et al. 1979) 
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AlngOld formation has beer. removed. ;:,se sediments were deposited by the an
cestral Columbia River when it was swollen by gla
cial menwater. · The glaciofluviaf sediments con
silt primarily of gravels and sands. with some 
sillS (NeWCOmb, Strand and Frank 1972). 
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eotn confined and unconfined aquifers are 
present beneath the Hanford Site. The confined 
aquifers. in which the ground water is under pres
sure greater than that of the atmosphere, are 
tound primarily within the Columbia River basalts. 
In general. the unconfined or water-table aquifer 
is loCated in the Ringold Formation and glacio
ftuviaJ sediments, as well as some more recent 
aluviaJ sediments in areas adjacent to the Colum
bia River (Gephart et at. 1979); This relatively 
st,atlow aquifer has been affected by waste
water disposai at Hanford more than the 
confined aquifers (Graham et al. 1981). There
tore, the unconfined aquifer is the most 
tt,otoughly monitored aquifer beneath the Site. 

The unconfined aquifer is bounded below by 
tither the basalt surface or, in places,. the rela
tively impervious days and silts ·of the lower unit 
of the Ringold Formation. Laterally, the uncon
fined aquifer is bounded by the anticlinaJ basalt 
ridges that ring the basin and by the Yakima and 
Columbia rivers. The basalt ridges above the 
water table have a low penneability and act as a 
barrier to lateral flew of the ground water 
(Gephart et al. 1979). The saturated thickness of 
the unconfined aquifer is greater than 61 m in 
some areas of the Hanford Site and pinches out 
along the flanks of the basalt anticlines. The 
depth from the ground surface to the water table 
ranges from less than 0.3 m near the Columbia 
River to over 106 m in the center of the Site. 
The etevatlon of the water table above mean sea 
levet for June of 1986 is shown in F'igure 2.3. 

Recharge to the unconfined aquifer originates 
from several sources (Graham et al. 1981). Natu
ral recharge occurs from precipitation at higher 
elevations and runoff from ephemeral streams to 
the west. such as Cold Creek and Ory Creek. 
The Yakima River recharges the unconfined 
aquifer as it flews along the southwest boundary 
of the Hanford Site. The Columbia River re
charges the unconfined aquifer during high 
stages when river water is trans1erred to the 
aquifer along the river bank. The unconfined 
aquifer receives rdtle, if any, recharge from pre- -

( 
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cipitation directly on the Hanford Site because of 
a high rate of evapotranspiration under native 
soil and vegetation conditions. However, pre
sent studies, such as those described by Heller, 
Gee, and Meyers (1985), suggest that precipita
tion may contribute more recharge to the ground 
water than was originally thought. 

Large scale artificial recharge occurs from offsite 
agricultural irrigation and liquid-waste disposal in 
the operating areas at Hanford. Recharge from 
irrigation in the Cold Creek Valley enters the 
Hanford Site as ground-water flow across the 
western boundary. Artificial recharge from waste
water disposal at Hanford occurs principally in the 
Separations Area It was estimated that re
charge to the ground water from facilities in the 
Separations Area (including B Pond and Gable 
Mountain Pond, as well as the various cribs and 
trenches in the 200W and 200E Areas) adds ten 
times as great 211 annual volume of water to the 
unconfined aquifer as is contributed by natural 
inflow to the area from precipitation and irrigation 
waters to the west (Graham et al. 1981 ). · 

The operational discharge of water has created 
ground-water mounds near each of _ the major 
waste-water disposal facilities in the Separations 
Area and in the 100 and 300 Areas (Figure 2.3). 
These mounds have altered the locaJ flow 
pattern in the aquifer, which is generally from the 
recharge areas in the west to the discharge areas 
(primarily the Columbia River) in the east. .Water 
levels in the unconfined aquifer have changed 
continuously during Site operations because of 
variations in the volume of waste water 
discharged. Consequently, the movement of 
ground water and its associated constituents has 
also changed with time. 

In addition to the Separations Area, ground
water mounding atso occurs in the 100 and 
300 Areas. Ground-water mounding in these 
areas is not as significant as in the Separations 
Area because of differences in discharge vol
umes and subsurface geology. However, in the 
100 and 300 Areas, water levels are also greatly 
infk.lenced by river stage. 

Uquld Effluent Movement 

If significant quantities of liquid effluents are 
discharged to the ground at the Hanford Site 
waste disposat facilities, then these effluents 
would percolate downward through the 
unsaturated zone to the water table. As 
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ettkJents move through the unsaturated zone, 
adsorption onto soil particles. chem~ precipita
tion, and ion exchango delays the movement of 
some uncomplexed radionuclides, such as 
90s,, 137cs. and 239.240Pu. Other ions. such 
as nitrate <N,03), and radionudides, such as 3H, 
1291, and ~c. are not retained by the soil as 
readily. These ccnstituents move through the 
soil cclumn at varying rates and eventually enter 
the ground water. Subsequently, the nonattenu
ated ccnstituents move downgradient in the 
same direction as and at a rate nearly or often 
equal to the flow of ground water. As the ccn
stituents move with the ground water, radio-

. ~elide ccncentrations are reduced by spread
ing (dispersion) and radioactive decay. 

~OR ACTIVmES 

Previously, the Hanford Site housed and ope
rated up to nine produdion readers, including 
eight with once-through ccoling by treated river 
water~ Between December 1964 and January 
1971, all eight readers with once-through cool
ing were deactivated. The N Reader, which is 
the. produdion reader remaining in operation, 
has a closed primary cooling loop. 

Four major DOE operating areas exist at the 
Hanford Site p.e., 100, 200, 300, and 400 Areas. 
(F'igure 2.1 )]. The 100 Areas include facilities for 
the N Reador and the eight deactivated pro
dudion readers along the C<llumbia River. The 
reader fuel reprocessing plant (PUREX), Plu
tonium Finishing Plant (Z Plant), and waste
management facilities are on a plateau about 
11.3 km from the river, in the 200 Areas. The 
300 Area. just north of the city of Richland, 
ccntains the react0r fuel manufacturing facilities 
and research and development laboratories. 
The Fast Flux Test Facility (FFTF) is located in 
the 400 Area. approximately 8.8 km northwest of 
the :300 Area. 

Privately owned facilities located within the Han
ford Site boundaries include the Washington 
Public Power Supply System (Supply System) 
Hanford generating station adjacent to N Reac
tor, the Supply System power reader and office 
buildings, and a low-level radioadive-waste burial 
site operated by U.S. Ecology. The Advanced 
Nuciear Fuel Corp. (formerly Exxon) fuel fabrica
tion facility is immediately adjacent to the Hanford 
Site. 
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Principal DOE operating ccntractors at Hanford 
during 1986 included the following: 

Rockwell Hanford Operations (Rockwell) - re
sponsible for fuel reprocessing, waste manage
ment, and Site support services, such as plant 
security, fire protection, centr.u stores, and 
electricai power distributk)n. 

Battelle Memorial tr.stitute (BMI) - responsible for 
operating PNL for DOE. Pacific Northwest Lab
oratory activities include research and develop
ment in the pt,ysicaJ, life, and environmental 
sciences: chemistry: and advanced methods of 
nuclear waste management. Pacific Northwest 
Laboratory is also responsible for environmentaJ 
monitoring at the Site. 

UNC Nuclear Industries (UNC) - responsible for 
fabricating N Reador fuel, operating the 
N Reactor, and decommissioning formerly used 
DOE facilities, including deactivated produdion 
reactors. 

Westinghouse Hanford Company (WHC)
responsible for operating the Hanford Engineer
ing Development Laboratory (HEOL), induding 
advanced reader developments and the FFTF 
test reactor. 

Hanford Environmental Health Foundation 
(H~F) - responsible for occupational medicine 
and environmental health support services. 

Operational Hlghllghts 

Highlights of operational activities at Hanford 
during 1986 were 

• The N Reactor operated for 182 days, during 
which time it supplied steam used by the 
Supply System to generate 860 megawatts of 
electricai power. Since its startup, the N Reac
tor has supplied steam for the production of 
over 65 billion kilowatt-hours of electrical 
power, which has been suppiied to the 
Bonneville Power Administration grid covering 
the Pacific Northwest. 

• The PUREX Plant fuel reprocessing facility 
located in the 200E Area completed a third 
year of operation since restart of operations in 
1983. The uranium oxide plant (U03 Plant) 
operated as needed through 1986. The 
P!utonium Reclamation Facility at Z Plant oper
ated throughout the year as well. 
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those wells with detectable amounts of 137cs. 
103Ru, 106Ru, 12Ssb. or 1311 were listed in 
Tables A.16 through A.20. Cesium-137 was 
detected in only a few wells because of its low 
mobility in the ground water. All concentrations 
of 137 Cs were below the DWS (200 pCi/L) and 
DCG (300.0 pCi/L). (See Appendix A, Table 
A.16, for a summary of 137 Cs results.) 

Ruthenium-103 was detected in 1 OON-Area 
wells only. This constituent was not expected to 
be found beyond areas immediately adjacent to 
the 1 OON Area because of its short half-fife 
(39.4 days). All concentrations in these wells 
were below the DCG (50,000 pCi/L). Results 
are summarized in Appendx A, Table A.17. 

Ruthenium-106 is a mobile, short-lived gamma
emitter. In some instances, 106Ru and 12Ssb 
made up a significant portion ot the gross beta 
activity. Wells in the 100N Area near the 1325N 
LWDF showed average 106Ru concentrations 
of 150 to 970 pCi/L, which is above the DWS 
(30 pCI/L) and below the DCG (6000 pCI/L). 
One 600-Area well (6-38-65, located between 
the 200E and 200W Areas) had a concentration 
of 560 ± 21 a pCI/L Results are summarized in 
Appendx A, Table A.18. 

Antimony-125, an easily detected gamma
emitter, was measured in well 1-K-27 and in the 
100N-Area wells near the 1325N LWDF. Results 
ranged from 140 to 41 O pCilL. which is far 
below the DCG of 60,000 pCI/L (see Appen
dx A, Table A.19). 

Because 1311 has a snort half-life, it was also 
detected only in 1 OON-Area wells. The highest 
concentrations existed near the 1325N LWDF 
(17,000 to 330,000 pCI/L), which is significantly 
above the ows (3 pCi/L) and the DCG 
(3000 pCI/L). (All wells analyzed for gamma 
emitters are Dsted in Table A.16.) Results are 
sunvnarized in Appendx A, Table A.20. 

The presence· of 1291 in ground water is 
significant primarily because of its relatively long 
half-&fe (16 rrilllon years) and its potential for 
accumulation in the environment as a result of 
long-term releases from nudear fuel reprocess
ing faci~ties (~ldat 1976). On the Hanford Site, 
the main contnbutor of 1291 to the ground water 
has been liquid discharges to cribs in the 200 
Areas. Samples from six wells in the 200E Area 

3.22 

and 12 wells in the 600 Area were analyzed for 
1291. Bght wells showed concentrations above 
the OWS for 1291 (1 pCi/L), (The DCG is 
500 pCi/L.) Results ot the 1291 analyses are 
listed in Appendix A, Table A21. 

Sources of uranium found in the ground water as 
a result of Site operations were liquid effluents 
placed in disposal cribs in the 200 Areas and in 
trenches in the 300 Area {ERDA 1975). Uranium 
may atso OcaJr naturally in soils, rock, ground 
water, and surface water (Fairbridge 1972). 
Uranium concentrations were measured in the 
unconfined aquifer in the vicinity of both the 
uranium fuel fabrication facilities and those 
inactive waste sites in the 300 Area known to 
have received uranium waste. As shown in 
Figure 3.17, a measurable uranium plume exists 
beneath the 300 Area. The extent of the 
uranium plume was limited to a fairly well-defined 
area downgradient from the active and inactive 
waste sites. Average annual uranium concen
trations in the 300 Area ranged from 5 to 
31 pCi/L (see Appendix A, Table A.22). These 
concentrations are similar to average concentra
tions measured in 1985. 

Uranium concentrations in the 1 OOH Area varied 
from extremely low levels (3.6 pCI/L) to an 
annual average of 460 pCi/L at well 1-H4-3. All 
400- and 600-Area ground-water samples 
showed only background le~ls of uranium (less 
than 10 pCi/L) (Appendix A, Table A.23). Sam
ples from six wells (6-39-0, 6-41-1, 6-42-2. 6-43-
3, 6-46-4, and 6-47-5) along the Columbia River 
(in the area where tritium concentrations were 
highest) were analyzed for isotopic uranium (see 
Appendix A, Table A.23). The concentrations 
ranged from 1.8 to 2.2 pCI/L for 234u, 0.035 to 
0.057 pCi/L for 23Su. and from 1 .2 to 
1.6 pCI/L for 238u. These levels were con
sistent with the gross alpha measurements taken 
in wells near the Columbia River and indicated 
that uranium was the dominant alpha-emitter in 
the six wells. The DCG for these three uranium 
isotopes are 500, 600, and 600 pCilL. 
respectively. 

Samples from the same six wells were analyzed 
for isotopic plutonium. Results are summarized 
in Appendix A, Table A23. No detectable 
plutonium was observed, which is a further 
indication that the gross alpha adivity pre-
dominantly resulted from uranium. · 

.. 

. ---,. 



"° r--, 
r--,.._, 
ti:::::::) 

It 
o:i ,_ 
i:-,.J 
N"') -· ,...,._ 
cy,._ 

r 

• 
• 

! .,.. 

i 
300 Area 

Ave,age Uranium 
Concenrrations. pCi/ L 

1986 

D <Detection to 10 pCi/L 

9 10°20 pCi/L 

6 20-30 pCi/L 

m >30pCi/L 

• Monitoring Well 

Chain Link Fence 

Railroads 

0 500 1000 
Scale in Feet 

I f I 
0 100 200 300 
Scale in Meters 

-~ 
I 

FlGtJRE 3.17. Uranium Concentrations in Ground Water Beneath the 300 Area for 1986 
(see 300-Area location in Figure 3.1 0) 

3.23 

Ref. 7 .8 



REFERENCE 8 

Draft Phase I Installation Assessment of Inactive 

Waste-Disposal Sites at Hanford, Volume 2, July 1986 



.1 

I 

ALIAS: South Pocd. 
STA1'tJS: Inactive 
OJM::NSIONS: 

Lenqtn: 
Width: 
Depth: 
Diallmter: 

600 tt 
3'7~ tt 
9 tt 
0 tt 

t.OCATION: 300 Al"'l!ll 

Sn:! ID NO. : 316-1 

FACILITl: Pond 
ELEVATION: 376 tt 
WAT.!Rl"ABLE: 34 tt 

CCCRCINM:ES: Ne!5~/C6~. N547~/C6280, N54713/El.5584, Ne.5200/El.5441. N55387/El5789 

An 8 acre paid area c:a,ta1n1ng 5 separate pcoi secticns. Pam 
1, 2. ci 3 are sepaz:ated l:ly two 30 tt. d.ila!s, witn the lax:gbt 
peed (No. 4) separated m:m 1. 2. ci 3 (West side) by a 16 tt. 
clika acd m:m PoDd No. 5 (Fast side) cy 100 tt. ct laDd. 'l'l".e 
dikl!s N!l'9 then bulldozed into 3 secticns acd the till was used 
tc a:M!l" 100911 material. In. 1949 am 19.53, the ~ ware 
dredi;e:i acd the slu:ge MIS t'l!!IIICM!!d acd caried en. the edge ct the 
pcm acd the dikes. 

SERVICE DA'.!ES: 1943-1975 

From 1943 tc 1975, the site received ccollng water and lcN-level 
liqaid ~es m:m tu.al tabrication operaticm with. incidental 
additiocal waste m:m the 3706 aDi 321 B111 ld1r,g:s, wastes 1':'Clll tr.a 
Nlric:s tab, organic wastes and water m:m 303 Arm tlcx,r drains. 
'1'he site was deactivated in 1975 am the p:D:l has since dryed 
oll'I:. . 

~= 
t:l0c:uml!mts: m+-43121, BW-33305, DUN-3155 
~: 122440-268-CN 
OraNings: H-3-57210, H-3-32708, H-3~37~4. H-3-32585 
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I 

a--.. .,..,.,.. 
r;-..... 

ill 
0.:) 
,-i-, 

it'-.J 
I!"-~ 
~ ' "1'!!.-
~ 

t 

~ . 
,I 

• -, 

SOO!i!-!: 
SOOIC1 ~: 
N!T!Ul.!:.: 
~: 
caRCM!tlM (VI) : 
CADM:tJM (!I): 
tDC (!!) : 
F!.OOR!O~: 
Tru:~i:,_Q~..zM!: 
URA.~: 

S.L . .-:. ID NO.: 3:.6-l 

c:m::MICALS !)!SPQ~ 

2000000 leg SODICM AL~: 
1000000 la; ~.Al'Z: 

900000 la; SOO!tIM S!UCA!'Z: 
60 leg NicmI. ( !I) : 

sooo k:J me (I!): 
80 la; SILVER ( !) : 

4000 leg ~.....t..uM: 
7000 la; COl?PE.R ( I!) : 

100000 leg ~ ISOEU'l'"l!. ~m:: 
40000 leg ~C ACID: 

TC'tAI. VOL-.~ !)~: 10000000000 :.!te..""S 

RAOIONTJCt.Im: ~ 
(in curies) 

::-3: 0.00000 C:::-l-.4: o.cccoo 
C-14 : o.oooao ~-144: c.oocco 
MY-54: 0.00000 ??~ 147: o.acoco 
C0-60:· 0.00100 ED-152: o.coocc 
Nl:-63: o.oooco ::0-154: o.cooco 
~-85 : 0 . 00000 $-:.ss : o.cocco 
SR-90: 0.00000 NP-237: 0 . 00000 
'l-91 : 0 . 00000 E'U-238: 0.00000 
Na-95: o.oocoo E'U-2~9: o.cccco 
ZR-9:5 : 0 . 00000 :tr-Z-.0: o.occ-:c 
'l"C-99: 0.00000 ?U-Z-.l: o.ocooo 
?!J-103: o.cccoo A."'!--241: o.cococ 
:=D-106: o.cccoc 0-133: o.~coco 
SN-113: 0 . 00000 a-215: o.oococ 
SB-125: 0.00000 ~-238: o.occco 
!-129: 0.00000 TS-232: c.oocoo 
CS-134: o.oocco ~= o.cocco 
CS-137 : 0 . 00000 GA"?-!.!\: c.cooco 
C!-141: 0.00000 Af_7~l\,: o.ocooo 

'!'!-.ese va!t:es a.~ cecayec. ~"'--o-..::;~ A;:=::..J. l , 1:186 . 
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( , 

2000000 !::g 
:000000 1:;

lCCCCO :,; 
lO0C0 :..:;-

5000 :,;
!.CCC :,; 

A l"\ •.• 
T'-J · •-:r 

ISCCC0 :-:;-
0 ··.... .,, 

!C0CC00 l,; 

C 

~ 
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I 

ALIAS: North Porxi. 
STA1'tlS: Inactive 
OIMENSIONS: 

t.ecgth: 
Width.: 
Oept!i: 
Oiaaet:er: 

620 tt 
600 tt 
10 tt 
0 tt 

I.OCATICR: 300 Area 

SI'l% ID NO.: 316-2 

FACILITY: Pan 
!tEVATICN: 376 tt 
~: 34 ft 

CCCRCINA:rES: ?m7000/El5880, ~6310/El6050, ?m6133/El532!5, ?e6752/!1532!5 

'1his p:n:i area c:ccsist:s ot 'Z separate sections separated ty 12 
tt. wide dila!s, with. the entire 10 acre area ~ cy a dilat 
1~ tt. wide aDi a;,prcx:1mately 10 tt. higb. The pcni has been 
Jrea;e::1 periodically tc ·11.&..:L ease intil traticn rate. Soma 
subdivid.irq dila!S have been 'l-ll1J Jdo:z:ed to c::cver the peed b:>ttcm. 

S!RVICE DATES: 1949-1974 

Frail 1949 to 1974 the site :received low-level • radionuclide liquid 
NIS'tes and ccoli::g water t%'Cll 3706 and 321 Bu1Jd1ng,. aqueous 
wastes ccntainm;; unirradiated urani"IJDl t%'Cll the Wcrks Lacora:tcry, 
and wa:ter trail the tlcar drams :in the 303 Area. The waste 
tlc:Nl!ld through the 307 Re't!!nticn Basm en rcute to the p:n:i. The 
site was retired :in 1974. The peed has s.i:la! dryad cut:. 

~= 
Doc,me,,~: 5-43121. HW-33305, OON-3155 
Pb::ito;taps. 122440-263-<:N. 122440-26-H:N, 122440-274~ 
Draldn;s: H-3-57210, H-3-32708, H-3-32585 
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~ 

co 
r-,... 
c::) ,, 
co -c-,.J 
r-r:i -

' Q"-\. 

SOOI01: 
SODm-t ~: 
NI'llUI!: 
r,a:;c.-tr: 
~ (V!): 
CAt1M!tM ( II l : 
CZAD (II): 
:'tUOR.!D!: 
Tru:C:tORO~....E:?IE: 
C?A~: 

S • .l.l:. m NO.: 316-2 

CHEMICALS OISP05m 

1000000 kg SOD~ ALOMIMATZ: 
aoo·ooo kg ~:t.w~: 
700000 ~ SCDitJM SII.!c:An: 

40 kg Nic:x::::r. ( II) : 
3000 kg ~ (II): 

60 kg SII.V?R (I): 
2000 kg BER".l!.tiuM: 
5000 l(g CCE'S'!:..-l (!!): 

100000 kq ~ ~.n:. ~= 
30000 kg N!"l':UC ACID: 

'l"C"".AL vct.t:£ OIS20SZD: l00000C0C00 r..!.~e.."'9 

RAOIONCCI.IDE ~ 
~ (in curies) 

:-3: 0.00000 CZ-144 : o.cccco 
C-14. : 0 . 00000 ~-l44 : 0.00000 
~i-54: 0.00000 ~147: o.oscoo 
C0-60: 0.00:.00 Eu-152: 0.00000 
NI-63 : 0.00000 ~-154: 0.00000 
~-as: 0.00000 ED-155: o.coooo 
SR-90: o.oocoo ·N?-237: 0.00000 
Y-91: 0.00000 :'U-238: o.oooco 
NE-95: 0 . 00000 :"':-ZS9: o.cccco 
'.::t-95: 0.00000 ?t'-2~0 : o.oooco 
'!'C-99: 0.00000 :'U-241: o.ccccc 
~-103: 0 . 00000 A."!-241: 0.00000 
RU-106: o.cocoo C-233: o.oooco 
SN-113 : 0.00000 a-235: 0.00000 
53-125: 0.00000 :J-238: c.c:coo 
!-129: 0.00000 'l':":-232: o.ooaco 
CS-134: 0.00000 3r...\: o.ocooo 
cs-:.37: 0.00000 G.~~\: o.occoo 
~-14.l: o.oocoo AU=:~\: o.coocc 

':!".ese •.:a.lues a.~ c..-ca":-ec: <:.'":..-:--=-::. A;::.: !. • :sao. 
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( 

2000000 ~c; 
acccco :-:;-

90000 !.:;
acco ~c; 
3000 ::c; 

9C0 :cc; 
30 ~c; 

50000 ~:; 
o :~c; 

900000 :.:; 

·c 

e 
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SI'l% ID ?ll.: 316-3 

ALIAS: 307 Disposal Trmches 
STA1'CS: Imctive 
DIMENSIONS: 

Len;t:h: 600 ft 
Widtn: 10 ft 
Depth: 20 ft 
Oiamter: 0 ft 

LCCA:t'ICM: 300 Area 

FACILIT"l: Trench 
ELEVATION: 393 ft 
~: 43 ft 

CCCRDINA:rES: N!542~/ElSOOO, NM18!5/El6000, N!5418!5/!1547~, N5426!5/E1547~ 

SI'1'l!! lJESClUP];lCIM: 

'!".«> ~ tl"enches 600 ft. X 10 ft. X 20 ft deep. 

Frail 19~3/~4 to 1963 the site reo!iVl!d "'8S'tes trom the Woric:s 
tacoratory Area ( 329 Biophysics ·tab, 327 Radicmeta.llurgy Bldg. , · 
32~ Radiochemistry Bldg, 326 Pile Tedmclogy Bldg) and sludge trcm 
316-l Pen!. 'l'llese wastes Wll!!D.t thrcur;n the 307 Retenticn Basin before 
releasiD; to the trenches. The site was retired in 1963 and the 
1:n!lChes tilled !n. 

RD'!RE:Na:S: 
Cocumnts: RI:B:H::D-o'73, ~121. m.l-3330!5 
~: 122440-2'70-CN, 34631-3, 2'78!54-8 
Drad:cgs: H-3-5721O, H-3-32'7O8, H-3-53'734 
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:)= 

I r 
I 

N'"l 
co 
f"-, 
c::l 

. ~ 
.q:> -~.J 
r,r,i -,,.,,.._ 

·1 
I 

SOOIC!: 
SOO!C! ~: 
NI'mr!'Z: 
~: 
~ (VI): 
CADM!tJM ( I!) : 
CZAD (II): 
E'ttlCRID!:: 
'l'!U~tE: 
~"fit'M: 

!:iLJ:. !D NO. : 316-3 

Q!EMICAI.S DIS:OSZD 

0 la; SOCI'Q! ALt..~: 
0 kg ~: 
0 la; SCDI'CM SI!.!CAT!:: 

10 ~ Nic:aI. ( I:) : 
1000 kg mR: (II): 

20 la; SIL~ (!): 
600 kg ~?CM: 

2000 la; CO?P::.R ( !! ) : 
0 le; ME':S"iI. !S~ :a!Q:Z: 

10000 kg ~c AC!:l: 

TOTAL VOu....~ CISroSEO: 1000000000 !J.!e-..""S 

RAO!ONCCI.IDE~ 
(in curies) 

::-3 : 0.00000 CZ-144: o.occco 
C-l4 : o.ocooo ~-144: o.coccc 
MN~4 : o.coooo ?M-:.4 7: 0 . ::0000 
C0-60 : 0.00000 Eu-152 : o.oocco 
m-63 : 0.00000 ~-154: o.·~oooo 
KR-85: 0.00000 m-1ss: o.cocco 
SR-90: 0.00000 N?-237: o.ococc 
Y-9!: 0.00000 !?r..!-238: 0.00000 
~m-9! : o.coooo ?"J-233: o.oocoo 
Z:t-95 : 0 . 00000 ?C-2...0: 0 . 00000 
Tt:-99 : o.coooo EIU-24.l: o.occco 
:m"-103: 0.00000 A.~24: : o.c::coo 
Fm-l06: o.ccooo a-233: o.accoc 
~1-113: 0.00000 C!-235: 0 . 00000 
sa-125: 0.00000 0-238 : o.oocco 
!-129: 0.00000 ~-232: c.occcc 
CS-134: o.oocoo 3E'""~: a.cocoa 
CS-!.37: 0.00000 GA."!-'-~: o.ccc:c 
CZ-141 : 0.00000 At?.-J\.: o.ccccc 

Alt..~ ..:sec: !or radioact!·.'9 was!e d.!spcsa.l . .:.c inven-:o:y !..s a.•.~la.cle . 

':hese ·.a:i.:es a...-e ci-oeayed t.".:a..:;-b. A;::-!l : • :986. 
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( 

0 :~i; 
0 :-:; 
0 lo:; 

3000 k i; 
:coo ~:; 

300 :,;-
:o ~~;-

zocoo :,;-
0 :-:; 
0 :,i; 

C 
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SI'1% ID NO.: 316-' 

ALIAS: 321 crib, 300 North crib 
STA1'CS: Inactive 
OD!ENSIONS: 

ten;th: 0 tt 
Width: 0 tt 
Depth: 10 tt 
Diameter: 8 tt 

FACII.Irl: crib 
EI.EVAl'ION: 438 tt 
~: 68 tt 

T-,..o approx. 8 tt. diameter, 1 tt. high, opm b01:01:m, l/4 in. 
t1'1idt ss tanks l::m-ied 10 tt. 'below grade, res1:iD; on gravel 
strata. 'there is a waste mtllll!!D.t line tc the tanks starting at 
2 tt. above tbe bcttrm 0: cm ot the tames extecd1n:; at an angle 
ab:lbe tbe tank top tc grade level. A vent riser extends trom the 
top to the same tank tc a tt. above grade. 'the tanks are placed 
2 tt. apart w1 th ss cvenJ.ow pipe c:amect1r.g 1:mm just bela, the 
tcps 0: the tmc:s. . 

SERVICE OATES: 1948-1956 

Frail 1948 tc 19~6 the site received water ccntamina'ted with mxcne 
bearing uranium wastes acd llmi ted amctmts ot other uranium 
bearing MStes trail the 321 t:o1Jd1ng. '!ha site was red.rm 
SClll9'Cma aroarx1 7/~ tc 1956. 

~: 
Ooc:1me1t:s: RHD-aH573, ~121, ARH-2154, f.li-39076, mi-3330.5 
Phctcgrapbs: 122440-260-cN, 122440-261-Qf 
OraNin;s: H-3-51210, H-3-32'108 
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I . 

Ln 
co ,...._ 
c:::t 

• co -'=".J . ~ -....,_ 
a-,. 

SODm-!: 
SOOit:-!~: 
~: 
ME.fcCO.--cr : 
~~ (VI) : 
CAOMitJM ( !I) : 
u:AO (II): 
E'tL10RIDE: 
ffl!Q"...oRO~-ZNE:: 
ORA.~: 

SITE m NO.: 315-4 

CSMICALS 0~ 

0 kg 
0 lcq 
0 kg 
0 kg 
0 leg 
0 la; 
0 kg 
0 ~ 
0 kg 

2000 kg 

SOD!t:M ALu-mTMZ: 
N:t'mAXZ: 
SOCI'CM SII.ICATZ: 
Nic:a:!. (II): 
ZI?I: (II): 
SILVER (I): 
~-I.ICM: 
COPE'.:.Ll (II) : 
MEm'!{!.ISOBtJT'l?I.~: 
i~c ACID: 

TOTAt. VCU.."'!E OISl?OSE:o : 2COCOO Ute..~ 

RADIONCCUm: z:-tVE:NTORY 
{ i.-i curies) 

~3 : 0.00000 a:-!.44: o.aocoo 
c-u: 0.00000 ?:t-144: o.ccooo 
MN-54: o.ccooo ?.-1-147: o.oooco 
CC-60: 0.00000 ::U-152: 0 . 00000 
m-63: 0.00000 ::U-154: 0.00000 
KR-85: 0.00000 :D-155: 0.00000 
SR-90: 0.00000 N:-237: o.oocoo 
"l-91: 0.00000 ?U-238: 0.00000 
)l'B-9!5: o.oooco ?C'-2:39: o.cooco 
~-35: o.ooooc ?U-240: o.occoo 
TC-99: o.cocco ?C-241: o.cccco 
?.U-!.03: 0.00000 A."1-241: ~.cocoa 
?.U-106: o.oooco 0-233: o.cccoo 
SN-ll3: 0.00000 ~-2~5: 0 . 00000 
SD-125: 0.00000 0-238: o.ccooo 
!-129: 0.00000 ~-232: 0.00000 
CS-134: 0.00000 3.:.:A: 0.00000 
CS-137: 0.00000 GA:,~_\: o.cccco 
C:::-l.U : 0.00000· ~A: o.occco 

Al-;.~~ ..:sed !or :ad!oact:!ve was'te dis'S)Csal, :::: !::.~-<:cry is a•.-a.:.:aJ:::~. 

':!:.ese •Jal~ are c_-:,;:ayei ':.~~::. A;:-!: : . :.965 . 

672 

( 

0 •• ,.. .,., 
1000 I:q 

0 
, __ 
•'-~ 

C :.::i; 
0 :.::i; 
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SI'1'!! IO ?IJ. : 618-1 

ALIAS: Solid Waste Burial Grollcd #1 
~: Inactive 
DIMENSIONS: 

!.eD;1:h: 

F.ACII.I'ff: Bur-4..al Grcnm:1 
!tEVATION: 390 tt 
~: 48 tt 

Width: 
Depth: 
Diameter: 

320 tt 
150 ft 
20 tt 
0 tt 

LCCATICN: 600 Area 
CCCIRDINATES: ~10/Wl.4987, Ne5360/Wl.4987, ~10/Wl.4834, ?m!5630/Wl.4834 

SI'1'!! CESCRIPt'ION: 

Burial grcu:nd cccsistiDJ at at least two~ r,mninq 
cartb.~, 16 ft. Nida ( sur!aca) X 200 tt. lea;; X 8 tt. deep. 
niere a..-e also a scies ot pi ts Mmn1rq east~, 20 tt. deep 
acd. 15 tt. wide. 

SERVICE HISTORY: 

'l'his burial ground was active trail 1945 to 19!56. The site 
c:cntaim uranium. plutonium aDd. tissi0n prcduc:ts trail the 300 
Area tual tabricaticn with mcidental add1 ticnal waste tI'0m a 
very small la.boratcr/ operation. 

~= 
Ooc:,l'DP"t:s: ~121 
Phct:o;t apl:is: 122440-267-c:N 
Orad:cr;s: H-3-57210, H-3-32!!8!5 

675 
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SITE ID NO.: 618-1 
( 

ceM!CALS 0~ 

RAOICNCCI.Im: INV!NTORY 

I r---.. 
{in curies) 

co 
~ 

!:-3: 0.00000 a-144: 0.00000 c:J 
it C-14: 0.00000 :'R-144 : 0 . 00000 .co 

MN-54: 0.00000 PM-147: 0 . 00000 -,C"..J C0-60: 0.00000 m-1s2 : 0 . 00000 
N"":1-

NI-63: 0 . 00000 !0-154: 0 . 00000 -· --i- KR-8:5: 0.00000 E0-155: 0 . 00000 !QI',. 
SR-90: 0.00000 NP-237: 0.00000 
Y-91: 0.00000 PU-238: 0.00000 
NB-9:5: 0.00000 PU-239: 0 . 06000 
ZR-9:5: 0.00000 PU-240: 0.01700 

( 'l'C-99: 0 . 00000 Pt;r-241: 0 . 00000 
R0-103 : 0.00000 AM-241: 0.00000 
RU-106: 0.00000 cr-233: 0.00000 
SN-113 : 0 .00000 cr-2:?:5: o.coooo 
SB-125: 0.00000 C'-238: 0 . 00000 
!-129: 0.00000 'l'E-232: 0 .00000 
CS-134: 0 . 00000 B'E:!.1'.: 0 . 00000 
CS-137: 0 . 00000 GA.~A: 0 . 00000 
CE-141: 0 ~00000 AraZA: 0 . 00000 

These values are c!ecaye:! t."".ro:.;h Apr:!.l : • 1986. 

e 
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SI'?!! ID NO.: 618-2 

AI.IAS: Solid Waste Burial Gt-omd #2 
STA1'tlS: Inac1:ive 
DIMENSIONS: 

FACILITI: Burial Grctl%d 
EI.EV'ATION: 38!5 ft 
WAmttABtE: 43 ft 

I.enqtn: 
Width: 
Ceptn: 
Diameter: 

350 ft 
215 ft 
15 ft 
0 ft 

r.ccA1'ICK: 600 Area 
CCCRDINA:t'!'S: ?m5'700/W!l5060, ~CO/El-4846, e6050/El48~, eSO!!0/El.5060 

srm OESCaIPrICM: 

Burial gr0'm c:ontainm; tear t:n!!lches rcmi.:1ng east-11A!S't. ace 
trench is !51 ft. Wida ( tcp width) X 150 ft. lcng X 15 ft. deep, 
with a cct"tall width 0t 6 ft. '1'b! lcca1:1cn a:cd d:imllnsicm ct 
three ~ are ucim:N1. 

This ccrial grcand was active trom 1951 - 19!54. '1'b! burial 
gromd \laS used tor dispcsal ot uranium-c:cntaminated ~pmmt 
azld materials, plutcnium, an:l tissiai prcduc1::s. !he uranium 
-=ste ~ typically solid metallic uranim cxides in the term ot 
metal cuttirlgs t:'Clll : w:tcr t'Uel tabJ:'icatiai tacili ties in the 300 
Area. 

REFEmll::!:S: 
Doc:ulmn.ts: 
Phct:o;iapbs: 122440-281-c:N 
DraNin;s: a-~7210, H--3-325~ 
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SITE m NO.: 618-2 
( 

CE::M!CAI.S OI~ 

No chemical inventor{ is available. 

RAOiaroc:.IDE mvmroRY 
(in curies) 

H-3 : 0 . 00000 CE-144: o.oocoo 
c-u: 0.00000 EJR-144: 0 . 00000 
~4: 0.00000 ~147: 0 . 00000 
CC-60: 0.00000 E0-152: 0.00000 
NI-63: 0.00000 E:0-154: 0.00000 
KR-85: 0.00000 m-1ss: 0 . 00000 
SR-90: 0 . 00000 NP-237: 0 . 00000 
Y-91: 0.00000 l?U-238: 0.00000 
NB-95: 0.00000 l?U-239: 0.00000 
ZR-95: 0.00000 l?U-240: 0 . 00000 

C TC-99: 0.00000 l?U-241: 0.00000 -
RU-103: 0.00000 AM-241 : 0 . 00000 
RU-106: 0.00000. IJ-233: 0 . 00000 
SN-113: 0.00000 0-235: 0.00000 
SB-125: 0.00000 0-238: 0 . 00000 
!-_129: 0.00000 TH-232: 0.00000 
CS-134: 0.00000 .SETA: 2000.00000 
CS-137: 0 . 00000 GAa.~A: 0 . 00000 
Q:-l4l: 0 . 00000 AI.?.ZA: o.oocoo 

n-.ese ~ues are c:ecayed t.":..-oq;h April l, 1966 . 

e 
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SI'l% IO NC. : 618-3 

ALIAS: Burial GrcuD:i #3 
STA'l"CS: Inactive 
DIMENSIONS: 

FACII.J:r/: Burial Grom'li 
EtEVATION: 38!5 ft 
~: 43 ft 

Len;th: 
Width: 
Depth: 
Dianet:er~ 

350 ft 
1~ ft 
1!5 ft 
0 ft 

I.OCAT'ION: 600 Area 
c:ccaoINATE.S: ~703/!:14677, N!55703/!:l4832, N!56045/El.4677, N!56045/El4832 

Burial ground CODSistm; ct oce large tn!c.dl ruzm.:m; ncrth-sou:th, 
3~ ft. X l~ ft. X 1!5 ft . d--ep. 

'I.bis 'ccrial gz-oaal. NBS active trcm 19~4 - 19~5. 'I:be site was 
primarily used tor the disposal ct uranium~ in the term ot 
o::ntaminated 011 Jd:Jng material derived t'l'0lll the 313 buil~. 

~ -= 
Ooccments: 
Phctcgraphs: 122440-282-C?l 
OratdDgs : H-3-57210, H-3-32~85 
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SI!.:. m NO. : 6!8-3 
( 

P.ADICNCCI.IDE ~ 
( in e-.n-ies) _.,., 

a-. 
I"""--. 
c:::> :!-3: 0.00000 a:-144: 0.00000 * co C-14 : 0 . 00000 S'R-144: 0.00000 -C'-....J MN-54: 0.00000 PM-147: 0.00000 

C0-60: 0.00000 E0-152 :. 0.00000 
NI-63: 0 .-00000 El1-l54: 0.00000 
KR-8!5: 0 . 00000 =.'U-15!5: 0.00000 
SR-90: 0.00000 Nc'-237: 0 . 00000 
Y-91 : 0 . 00000 eu-23a: 0 . 00000 
NB-9!5: 0.00000 :'U-239: 0.00000 
ZR-9!5: 0 . 00000 E'U-240: 0.00000 C TC-99: 0 . 00000 PU-241: 0.00000 

' m.;.103: 0 . 00000 AM-241: o.occoo 
R0-106 : 0.00000 U-233: 0.00000 
SN-113: 0 . 00000 U-235 : o.oooco · 
So-125: 0.00000 tJ-238: 0 . 00000 
I-129 : 0 . 00000 ~-232: 0.00000 
CS-134 : 0 . 00000 SETA: 0.00000 
CS-137: 0.00000 GA~: 0.00000 
a":-141 : 0.00000 ~Zl: o.ocooo 

680 

Ref. 8.14 



. :r·-.J 
C'i', 
r-,..,. 
c=) .. 
o:J -C'-J 
~ 

, 

( 

srm m NO.: sis-. 

ALIAS: Burial Ground #4 
STA1"CS: Inactive 
OIMENSIONS: 

FACILIT'f: Burial Grown 
ELEVATION: 400 tt 
WA1':ERrABLE: sa tt 

I.enqtti: 
Width: 
Depth: 
Oiaater. 

~70 tt 
220 tt 
l!S tt 
0 tt 

I.CCATIOM: 600 Area 
CCCRDINUES: N!57832/El.~46 (ScuthNl!st C0rmz') 

srm DESCRIPTION: 

Burial 91oual---o::m:aining elalgated pi ts Mlich were tilled arid 
cowred w1 th c:lean dirt. 

'?his bcriaJ. grcucd NBS active trcm 19~!5 - 1961. 'l:ha site 
cmtaim an ~ quanti t:y ot uranium~cntamir.ated miseellamous 
materials. 

RD!RENCES: 
Coc:uD!nts: 
Photographs: 122440-262~ 
Orasrmlgs: H-3-57210, H-3-3~8!5 
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~ m NO.: 618-4 
( 

CEEMICALS DISl?OSE:D 

• I No c-he1 cal inventory is available. 

RADIONCCI.IO! !:~ 
t"'O (in curies) 
~ 
2:3. 
~ 5-3: 0.00000 CE-144: 0.00000 - C-14: 0.00000 E'R-144: 0.00000 

$-i MN-e4: 0.00000 ?.1-147: 0 . 00000 -- C0-60: 0.00000 Eu-152: 0.00000 
~ NI-63: 0.00000 EO-l.54: 0 . 00000 

KR-8.5: 0.00000 EO-l.55: 0.00000 
SR-90: 0.00000 r~237: 0.00000 
Y-91: 0.00000 ro-23a: 0.00000 
Na-9.5: 0.00000 ro-2:39: 0.00000 
ZR-9.5: 0 . 00000 eu-240: 0.00000 

C ' 
TC-99: 0.00000 ro-241: 0.00000 

' P.IJ'-103: 0.00000 AM-241: 0.00000 
R0-106: 0.00000 U-233: 0.00000 
SN-113: 0.00000 C'-23.5: 0 . 00000 
sa-125: 0.00000 U-2:38: 0.00000 
!-129: 0.00000 TH-232: 0.00000 
CS-134: 0.00000 9ETA: 0.00000 
CS-137: 0.00000 GAi.'+tA: 0 . 00000 
~-141: 0.00000 AL,;-~: o.cocoo 

Al tt-.cu;h t:Sed !or radioactive waste dis;:osal, ::c in.._-en"tor;r is ava.i.lac.le. 

'n'.ese values a.""e decayed t:l..~h. A;i:oil l, 1986. 

e 
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srm m NO. : s1a-e 

ALIAS: Burial Groucd ~ 
STAl'CS: Inactive 
O:n-lENSIONS: 

FACILIT'/: Burial Grcum 
E:t.E\TATION :- 37 4 ft 
~= 32ft 

I.e:lgtn: 
Widtn: 
Depth: 
Oialmter: 

300 ft 
18 ft 
1~ ft 
0 ft 

ta::AXIOH: 600 Area 
CCCIRDINM'ES: Ne724.5/n~429 (SolltbNest COZ'%lm') 

Burial greual a:m;ta:1ning a buming ~ oriented 
ncrtheast-scuttwt cy its largest dimensit21. It was c:cvered and 
tilled w1 th 4 ft. ct c:J.ean soil . 

S!RVICZ OAl'ES: 194.5-1962 

'1b1s 'barial greurid was active t.rcm the mid 1945 ta 1962. 'rhe 
site was used as a l:lum.m;; pit for uranium-bearing trash and for 
ncn-radicactive trash collected trcm the 300 Area. 

R!F!RENCES: 
J:kJCUlbE!!U:t.::s : 

Phc"tcgrapbs: 122440-26?5-<::N. 122440-Z77~. 122440-266-CN 
OraNings: H-3-51210. H-3-3258~ 
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t SITE ID NO. : 618-5 
( 

cmMICAI.S D~ 

Ne chmic:al inven:tO?Y is available. 

RAOIONCCI.IDE: INVEN'1'CR'f 

it..n 
(in curies) 

c:,i'-,, 
r"'-. 
c::l E:-3: 0.00000 CE:-144: o.coooo I) 

co C-14: 0.00000 E'R-144: 0.00000 -~ MN-54: 0.00000 ?.!-147: 0.00000 
~ CC-60: 0.00000 Ell'-152: 0.00000 - NI-63: ....- 0.00000 E:0-154: 0.00000 
C'.r- KR-85: 0.00000 E'0-155: 0.00000 

SR-90: 0.00000 NP-237: 0.00000 
Y-91: 0.00000 PU-238: 0.00000 
NB-95: 0.00000 E'U-239: 0.00000 
ZR-95: 0.00000 l?U-240: 0 . 00000 ( TC-99: 0~00000 P0-241: 0 . 00000 
R0-103 : 0.00000 AM-241: 0.00000 
R0-106: 0 . 00000 a-233: 0.00000 
SN-113: 0.00000 a-235: 0.00000 
SB-125: 0.00000 0-238: o.cooco 
I-129: 0.00000 ~-232: 0.00000 
CS-134 : 0.00000 :BETA: o.oocoo 
CS-137 : 0.00000 ~: 0 . 00000 
CE-141: 0.00000 AI.PHA: o.cocoo 

Alt:hcu;h used tor radioactive ~e disposal, nc inven~ory is available. 

'these vall.:eS are decayed ~h Apri.l l, 1986. 

e 
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srm moo.: 61s-1 

ALIAS: Burial Ground #7 
STA:ros: Inactive 
DIMENSIONS: 

PACILIT.t: Burial Grcmn 
!tEVATION: 396 tt 
~: 54 tt 

I.en;th: 
Width: 
Depth: 
DJ.aaa t:1!1"; 

1120 t 
650 tt 
12 tt 
0 tt 

t.CCATION: 600 Area 
axJROINA'.?!S: N56300/E12~, ?156300/El.1995, N57420/El2Ei55, ?~7420/El.1995 

srm CE'.S..ltIPritJN: 

'.there are two dri~.in. east-west oriented t::t"elChes. Beth 
n-a m.;;1,es h.M! beer1 closed and t:adcfilled. 'l'be V-sha;e:i pit .in 
the O!lltl!l" (approximately ~65~) NIii used t!or tbcria disposal. 
The site was l::adcl!illed acc. c:cvered with clean sail . 

SER'lICZ DA1'!:S: 1960-1973 

SER'lICE BIS'l'CRY: 

Materials pr:ilnaril y tl"all the 300 area tu.el element lllmlltactur.il'lq 
process. 'l'hl!'/ are slightly cc,,taminat-i!d with uranium ar thcrium. 
acd sane beryllium ccntaminated %irca.lloy is also in these pits. 

~: 
Occ:llml!nts: EW-77274 
Phat:cgra;ibs: 122440-273-CN 
Orad.Dgs: H-3-57210. M-6000 #1, H-3-32~85 
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SITE m NO.: 618-7 
( 

~CALS DISPOSED 

RAJJIONCCLIDE ~ 
( in curies) 

r-, 
a-, 
r-,.....,, 
c::,· ~3: 0.00000 CE-144: 0.00000 .. 
o:J C-14: 0.00000 E'R-144: 0.00000 - MN-!54: 0.00000 ?.+-147: 0.00000 C-,j 
~ C0-60: 0.00000 E:U-152: 0.00000 - NI-63: 0.00000 E:U-154: 0.00000 

KR-85: 0.00000 E0-155: 0.00000 
SR-90: 0.00000 Ne-237: o.ocooo 
Y• l: 0.00000 :IU-238: 0.00000 
NB-95: 0.00000 i'U-239: 0.00000 
ZR• 5: 0.00000 :IU-240: 0.00000 ( TC-99: o.·00000 PU-241: 0.00000 
RU-103: 0.00000 AM-241: 0.00000 
RU-106: 0.00000 U-233: 0.00000 
SN-113: 0.00000 CJ'-235: 0.00000 
SB-125: 0.00000 tr-238: 0.00000 
I-129: 0 . 00000 TS-232: 0.00000 
CS-134: 0.00000 =::.IA: 0.00000 
CS-137: 0.00000 GA.."!-fA: 0.00000 
CE:-l4l: 0.00000 AL?.-:A: o.oocoo 

Al tr.cugh used tar ra.dioact!ve waste ~, nc .inventory is avai!ac:e. 
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srm ID 00. : 618-9 

ALIAS: 300 West Burial Grcund 
STA1'CS : Icactive 
DIMENSIONS: 

P'ACILI'r/: Burial Groum 
ELEVATION: 400 ft 
~= 58 ft 

t.en;th: 
Width.: 
Depth: 
Dialater: 

200 tt 
18 tt 
8 tt 
0 tt 

i:.a:ATICN: 600 Area 
CCCIROINA1'ES: N.55'738/El.1016, Ne5738/E10998, N.5S938/Ell016, N.55938/El.0998 

SI'l% IJESCRlPflON: 

Burial gr'Olm c:cnsistm; at a t:l:'lmCn 18-20 tt. wida X 140 tt. 
lCD; (surtao! d1rr-:,stcm) X 8 tt. deep. 

smvICE CAl'ES: 1950-1956 

1.'his burial g:rtJUD:l ..., active trcm 1950 - 1956. 'rha s1 te 
c:cntains 5~-.;aJ Jon drums ot uranium c:ontam1.nated organic: solV'l!!lt 
(5000 gal) trom tbe 321 bn1 Jdjrig. It MIS remcwd trcm service, 
baddilled, identi.tied with maricers, acd stabilized. 

REF!R!H:ES: 
Ooccmll!nts: 
Phctograpbs: 122440-271~ 
Oradngs: H-3-57210, H-3-3258~ 
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SIT!: m NO.: 6l8-9 

c:mMICALS DISPOSED 

mI:SCT"lt. ~~: 
PARAFFIN~: 

RADICNCCI:.IDE INVENTORY 
(in curies) 

a-3: 0.00000 CE-144: 
C-14: 0.00000 E'R-144: 
MN-54: 0.00000 ™-147: 
C0-60: 0.00000 m-152: 
NI-63: 0.00000 :lJ'-154: 
KR-85: 0.00000 m-155: 
SR-90: 0.00000 NP-237: 
Y-91: 0.00000 E'U-238: 
NB-95: o.ocooo E'U-239: 
ZR-95 : 0.00000 E'U-240: 
TC-99: 0.00000 PU-241: 
RD-103: 0.00000 AM-241: 
RD-l06: 0.00000 U-233: 
SN-113: 0 .00000 CJ'-235: 
SB-l25: 0.00000 CJ'-238: 
:-129: 0.00000 TS:-232: 
CS-134: 0.00000 SE'!A: 
CS-137: 0 . 00000 GA.~A: 
CZ:-141: 0 .00000 At.PF..Zl: 

6000 kg 
10000 kg 

0 . 00000 
0 . 00000 
0.00000 
0.00000 
0.00000 
o.ocooo 
0.00000 
0.00000 
o.ooooe 
0.00000 
0.00000 
0.00000 
0.00000 
o.coooo 
o.oocoo 
0 . 00000 
0 . 00000 
0 . 00000 
o.ccoco 

Althcugh used tor !"ad.ioa~ive waste dis;osa.l , :le i:lven.1:ory is ~~lacle. 

These values ~ c:ecayed t.~h April l, 1986. 
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SI'm ID NO. : 618-12 

ALIAS: Ncrtn Process Peed ~ Oispcsal Area 
STA1'0S: Inactive 
DIMENSIONS: 

ten;t:h: 

FACII.ITI: Burial Grcmx1 
:e:r.EVATION: 376 tt 
~= 34 tt 

Width.: 
Depth: 
Oiamatm."; 

400 tt 
200 tt 
8 tt 
0 tt 

LOCATION: 600 Area 
cr:x:lRDINATES: !1563O0/El.535O, !1566~/El.527~, N57O001'El52'7~, !15680O/ElS~O 

'1he Ncrtn Process E1ond Scrap:m; OisposaJ. Area extecds about 200 
tt. scu:th trcm the Ncrtn Process Perm. 

?his site was used tor disposal ot ura:uum c:cntamim.ted sell 
sc:rapei trcm 31s-2 (Ncrtll eroc:ess Elond) am· S0IDe urmuum 
ca,taminated scil remcved t1'0lll bl!im!ath. the 321 Bn1 Jd1ng durir.r; 
excavation tor hydraulic core mcc:kllp. 'I:?la site has been 
badctilled with. ashes. 

~= 
Oocummts: 
~: 54217-2 
Drawings: l!-3~721O 
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s~ m NO.: s1a-12 ( 

No cmmic::al . inventory is available. 

RADI~ INWN'l"ORY 
(in curies) 

.....,,., 

I~ lf-3: 0.00000 CE-144: 0.00000 

~ 
C-l4: 0.00000 E'R-144: 0.00000 

co MN-54: o.oooco PM-147: o.oocoo - CC-60: 0.00000 m-1s2: 0.00000 
I ~ 

i ~ N:-63: 0.00000 E0-154: 0.00000 ·- IG.-85: 0.00000 Sl'-155: 0.00000 ..,....... 
i a,..._ SR-90: 0.00000 NP-237: 0.00000 

Y-91: 0.00000 PU-238: 0.00000 
NB-95: 0.00000 E'U-239: 0.00000 
ZR-95: 0.00000 . E'U-240: 0.00000 ( TC-99: 0 . 00000 . E'U-241: 0.00000 
MJ-103: 0.00000 Al."!-241: 0.00000 
MJ-106: 0.00000 ·0-233: o.oocoo 
SN-113: 0.00000 tJ-235: 0.00000 
$3-125: 0.00000 cr-2::a: c.coooo 
I-129: 0.00000 'I'S-232: 0 . 00000 
CS-134: 0.00000 BETA: 0.00000 
CS-137: 0.00000 GA'+'A: 0.00000 
CE-141: 0.00000 At?.1.A: 0.00000 

Al though used for radioactive waste ci!.s;:osal , r".C inventor;r is available. 
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SI'l% ID 00.: 618-13 

ALIAS: 303 Area eontaminated Soil Bu.rial Site, 
STA'l'OS: Inactive 
OD!ENSIONS: 

t.en;tb: 

318-13 FACII.IT!: Burial GrouDi 
ELEVATION: 400 ft 
~: 58 ft 

Width: 
Oeptn: 
0~: 

1~ tt 
50 tt 
0 tt 
0 tt 

t.OCA1'ICM: 600 Area 
CCCIRD~: N!55e7~/nl400 (Ceatm- ct si1:a} 

SI'l% DESCRIPTION: 

A mcund ot soil piled to a;,prax:imate.ly 50 ft. high x 125 ft. long 
x 50 tt. wide ccvered w11:h 2 tt. ot clean soil. 

SER'J'IC2 CA?l?S: 19~0-19.~0 

Top scil trcm the 303 area remcved in 19~0 was piled 
~1:.ely ~ to three-qcarters ot a mile ncrthN!st ot 
the 300 area. and ccvered wi 1:h tM:> teet ot clean scil. Total 
activi ~ buried bere is cct lc:nom. The IICUDd of covered 
ccn:taatiilated material has 'been posted as a radiation :z:cna. 

~= 
Dcc:ummts: !W-39076 
~t:a;tapbs: 122440-272-QI. 29033 
OrariD;s: H--3~7210, H--3-3258!5 
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Sn'!: m NO.: 618-13 

No chmical inventor{ is available. 

RAOIONCCt.IDE ~ 
(in curies) 

Z.-3: 0.00000 CZ-144: 
C-14: 0.00000 E'R-144: 
MN-54: 0 . 00000 :'M-147: 
C0-60: o.oocoo m-1s2: 
NI-63 : 0.00000 m-154: 
~-85: 0.00000 m-1ss: 
SR-90: 0 . 00000 NP-237: 
Y-91: 0.00000 E'U-238: 
NB-95: 0.00000 E'U-239: 
ZR-95: 0.00000 E'U-240: 
'l'C-99: 0.00000 eu-241 : 
R0-103: 0.00000 AM-241 : 
RU-106: 0.00000 U-233 : 
SN-113: 0.00000 U-235: 
sa-125: 0 . 00000 0-238: 
!-129 : 0.00000 TE:-232: 
CS-134: 0.00000 cETA: 
CS-137: 0.00000 GA~A: 
CZ-141: 0 . 00000 Aw'!!A.: 

0.00000 
0 . 00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
o.oooco 
0.00000 
0.00000 
0 . 00000 
0.00000 
0 . 00090 
o.ocooo 
0 . 00000 
0 . 00000 
0 . 00000 
o.coooo 

A:.t.'icugh used tor racioact!ve wsate d!.s;:'Csal, r.c inve:itory is a,.-a:.lab:e. 
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ALIAS: Hern Rapids tandUll, 
STATCS: Icaci:ive 
DIMENSIONS: 

rrr Haste Disposal Lan:itill FACII.ITI: tan:ifill 
ELEVATION: 4~0 ft 
~: 50 ft 

tenqth: 
Widtn: 
Depth.: 
Diameter: 

1000 t 
800 ft 
40 ft 
0 ft 

Sl'm CJ:.SCRIE>rIUH: 

Tha site is apprcximataly 1000 ft. X 800 ft. with varJing depths 
avaag.i..,; al:x:ntt 40 ft. 'the site is surromxled by a 12 ft. chain 
link tecca, kept lcdmd and p:isted. It is new a designaUd. 
curlew nestin; area am access is prohibited. 

SERVICE DA:rES: 19~1910 

~ site was used -primarily tor wastes gl!!Mr.lted in the 1100 
Area. It ccntaim paper, ot:Uc:e, am miilcr c:cnstructicn wastes 
(t;aint cam, solvmts, am oils.) It has . net 'cel!C. used since 
1970. 

REF!RENCES: 
Coc::umen1:s: 
Phc t:u;I apbs . 122440-283-<N 
Dradngs: H-3-e1210, M-6000 #1 
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srm m NO. : Hem Rapids Disposal 
( 

CEEMICALS Ois:eosc::o 

No chemical inwn:tory is available. 

RADIONCC:.IDE INVEN'l'ORY 
(in curies) 

! t...n 
• C:) 
, CD 

?.-3: 0.00000 CE-144: 0.00000 , c::r 
• C-14: 0.00000 E'R-144: 0.00000 

CO, 
MN-54: 0.00000 E'M-147: 0.00000 -~.J CC-60: 0.00000 m-1s2: 0.00000 

' N""i 
NI-63: 0.00000 E0-1~4: 0.00000 -....... KR-85: 0.00000 ::U-155: 0.00000 

I Q"'', 
SR-90: 0.00000 NP-237: 0.00000 
'i-91: 0.00000 E'U-238: 0.00000 
Na-95: 0.00000 :'U-239: 0.00000 
ZR-95: 0.00000 E'U-240: 0.00000 ( TC-99: 0.00000 E'U-241: 0.00000 
PJJ'-103: 0.00000 -~241: 0.00000 
PJJ'-106: 0.00000 U-233: 0.00000 
SN-113: 0.00000 0-235: 0.000cc 
$-125: 0.00000 0-238: 0.00000 
I-129: o . oocco m-232: 0.00000 
CS-134: 0.00000 BETA: 0.00000 
CS-137: 0.00000 ~A: 0.00000 
CZ-141: 0 . 00000 Aw'=A: o.oooco 

T!'-..is site was :let used to dell0e-""ately dispc:se ot radi~!ve W!S~e. 

These values are decayeci t!".:'O'.:;::. A;,ril l, 1986. 

I es · 
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Ihle comlllncd ,..,.,o,. acorc c1,,Ch lndlvld.,o.l· 
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REFERENCE 10 

Memo to file from KH Cramer on August 6, 1987 regarding 

Personal Communication with Michael Gillum, City of Richland, 

concerning Richland Water System (info, maps and data sheets) 
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MEMO: To File 

DATE: 8/6/87 

FROM: K. H. Cramer 

SUBJECT: Penonal convenation with Michael Gillum 
Regard Richland City Recharge Wells and Water Supply System 

There are 14 recharge wells that are within 3 miles of the Hanford Site 
boundary. These wells have depths that range from 40 to 134 feet. The 
recharge well system fs part of the city's overall water supply system. The 
recharge wells are designed to be used in conjunction with the Water Supply 
holding ponds located beside the wells. The recharge well system is used 
during peak water demand periods and when the Columbia River Water Pump 
System is down for maintenance. The recharge system operates with water 
being pumped to the holding ponds from the Columbia River. The water in the 
ponds then seeps through the soil to _the aquifer where ft is pumped by the 
recharge wells to the city's water supply system. The recharge wells are 
tied into the overall water supply system, which means that the water from 
the wells is mixed with the Columbia River water and distributed throughout 
the city. 

509 9~3-9151 

MICHAEL GILLUM 
lssooa•• £n;,-. 

Ul!ily Ad:nftSlllloQr. :lt>:SIOII 

Wat• & WU11 Ul .. 111 utQiftllll'l1 

!H s•"' 1au1nuo 101 ,,o ••C•tuc ,us~•~c ~:~ UHi 

Ref. 10.l 
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A. PFDDOCTION 

CITY OF RICHLAND 

~TER SYSTEM DATA 

'Ihe City of Richland's water supply cares fran a,.o major sources: 

l. water T.reatrrent Plant: 'Ihe water Treaotent Plant uses the "Mic:ro
Flo:" process for water treaarent (see a~..ached flew diagram). Its 
present design prcc:bJctia\ capacity is 30 m:i J J ; on gallons par day. 'Ihe 
plant can be expanded to a maxilrun production capacit"f of 45 r-o:>. · 

2. Wells: 'Ihe 18 wells are located in five ""11E!ll fields. 'Ihe total 
prcxluctial capacity of all the wells is 18.2 r-o:>. 'lbe North Richland 
well field groundwater is recharged artificially through the use of 
recharge basins (see attachtre."lt) . 'Ihe wells are recharged through the 
m::inths of April to Noveltcer. 

'Ihe production capacities can be sumnarized as follcws: 

Source # Wells 

Coltmlbia Well Field 

Duke Well Field 

North Richland Well Field & 0-5 

Wellsian way Well Field 

Willowbrook Well 

Water Treat:ne'lt Plant 

B. SIDRAGE 

l 

2 

ll 

3 

l 

18 

Caca.citv 

0.8 M:;D 

· 2.0 M:iD 

l l . 0 M:iD 

3.0 M:iD 

l.4 r-G:> 

30.0 M:iD 

48.2 M~ 

'Ihe City of Richland's water system has a water storage capacity of 23. 67 million 
gallons. 'Ihe major elevated storage, a five and ten rniJ J ion gallon reser.roir, is 
located ""1eSt of the yakj.-ra, River. 'Ihe other elevated storage consists of five . 
additional reservoirs, with a capacity of 4. 47 million gallons and are also lccated. 
west of the Yakina River, serving the Badger M::runtain Area. Water fran the retain
ing reservoirs is~ into the system by boc?~ ?,m9S. 

Storage can be sumnarized as follows: 

Storage 

t\.Q (2) ale-fflillion gallon reservoirs (1182) 

Five miJ J icn gallai reservoir 

Ten million gallon reser.roir 

water Treat::rrent Plant Clearwell reservoir 

Tapteal I reservoir (reservoir # l) 

Tapteal I reservoir (reser.roir #2) 

Tapteal II reservoir (reservoir # l) ] 

Tapteal II reservoir (reservoir i2) l Upper Pressure 
] ZOne 

Counay Ridge reservoir ] 

TOl'AL 

Caca.citv 

2.0 M:i 

5.0 M:i 

10.0 M:i 

2.2 M:i 

0.75 ~ 

2.6 ~ 

0.18 ~ 

0.7 M:i 

0.24 ~ 

23.67 ~ 

.. 

Ref. 10.2 
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Page 2 

C. TFANS'-fiSSICN 

All water transmission lines, 10" or larger, are shewn en the utility map of the 
City of Richland. 'Ihe major transmission lines are shewn on the attached facil-
ities lo:ation nap. . 

D. PRESSURE ZONES 

'Ihe City of ru.du.and has three pressure zcnes: 

l. Richland City core area. 

2. Badger M:Juntain/M!adow Springs area (area t.ve5t of YakiJia River) - Tapteal 
I pressure zaie. 

3. Badger t-nmtain/Meadc:w Springs area (higher elevations ,;..,,est of Keene R:ad 
and portion of Hills West area) - Tapteal II pressure zone. 

'Ihe Badger Mountain/M!adcw Springs area water is ~ fran the Richland City 
core pressure zone to the higher Badger Mountain pressure zone. 'Ihe booster pump 
station for this zone is lo:ated at the five and ten million gallon reservoirs. 

'Ihe third pressure zone is supplied by (ll a pumping station off High M!adcws 
Street and cun-ently serw-es the majority of heres on High ~ Street, Hillview 
Drive and all hares t.ve5t of Orchard Court on Orc:hard way and Greenview Drive, ar.d 
(2) a p.m,ping station on Keene R:lad at Country Ridge and serves the Country Ric:ge/ 

Keene Village area. 

.• 

7-9-84 

Ref. 1 O. 3 
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North Richland Well Field 

Well I 

3000-A 

3000-8 

3000-C 

3000-0 

3000-E 

3000-H 

3000-J 

3000-K 

3000-L 

3000-N 

3000-05 

Duke Well Field . 

Well I 

1100-8 

1100-0 

\ ' . 

Depth 

88' 

87' 

64' 

75.3' 

61.8' 

56' 

71' 

59' 

83' 

40' 

134 ' 

Oeoth -
120' 

. 86 1 

NORTH RICHLAND WELLS 
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1i.l St. 

" 6 
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. So,,,t Rd. 
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1 
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NORTH RICHLAND 
WELL FIELD 

DUKE WELL 

~ 

waLs IAN WAY WEI.Ls· 

Tri-City Estates 

FIGURE m- 4 

300 Area Intertie 

.-i.--WATER TREATMENT PLANT 

COLUMBIA WELL 

1182 Reservoir 
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REFERENCE 11 

U.S.G.S. Maps showing the 300 Area Surroundings 

Richland, Wash 7.5 Minute Map 
Mathews Corner, Wash 7.5 Minute Map 
Wooded Island, Wash 7.5 Minute Map 
Columbia Point, Wash 7.5 Minute Map 
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File Note J .I 
Date: 10/29/87 ~~ 
From: RD Stenner r~ 
Subject: Telephone Conversation with Dale Schielke (PNL) Regarding 

Battelle Farm Operations Acerage 

The Battele Farm Operations cover a total of 168.1 acres which are used for 
growing forage (food crops). The individual plot acrages are as follows: 

62.5 acres 
27.2 acres 
20.6 acres 
22.4 acres 
5.7 acres 
6.0 acres 

14.0 acres 
9.7 acres 

168.1 acres total 
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Disposal of Hanford Defense High-Level Transuranic and 

Tank Wastes, March 1986, DOE/EIS-0113, Volume 1 
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has been designated a Metropolitan Statistical Area (MSA)(a) hy the Bureau of the Census. A 
detailed review of area socfoecono•fcs is given in DOE (1982), NRC (1982), Pfott and Schau 
(1983) and Watson et al. {1984). 

4.8.1 Econoay and Wortc Force 

The pri1111_ry economic bases of the Tri-Cities l4SA are the actfvitfes at Hanford, ser-v
ices, wholesale and retail trade and manufacturing (NRC 1982; Piott and Schau 1984). Domi
nant sectors of the econoay in 1983 include services (2'.n of nonagricultural employment), 
wholesale and retail tr~de (201), rqnufactul"ing (181) and government (171). The contract 
construction wortc force declined fro. 13,550 in 1981 (211 of the nonagricultural total) ta 
5,620 (l•i of the nonagricultural total) in December 1983 (Pfott and Schau 1983, 1984). Much 
of this decline was due to the coaipletfon, deferral, or cancellation of ra,clear power plant 
construction. The Washington Public POW4tr Supply Syst• (WPPSS), the major non-DOE-related 
~loy'!r at Hanford, had about 2,200 employus as of March 1984. This is expected to decline 
to about 1,600 after Unit 2 becOIIIH fully operational. About 13,000 per-sons are emplaytff on 
DOE-related projects ·at Hanford (July 1983). Agricultural employ111ent in Benton and Frank l in 
Counties varies seasonally from a low of about 2,000 to a high of about 6,000 (Piatt and 
Schau 1983). 

The average annual per capita lncoine, including agricultural payrolls, was about SS,300 
in 1982. As of September 1985, the un~loyment within the Tri-Cities was 7 .Bi compared with 
7.2' for the state and 6.9' for the nation (personal connunicatian, Schau 1985). 

Certain ·projects possibly could compete for wortcers employed in disposal of Hanford 
high-level and transuranic wastes. These include the construction of a basalt waste isola
tion facility for disposing of coaarcially generated radfoactfve waste {and perhaps defense 
·~aste), with a projected peak force of 1,100, and the expansion of Priest Rapids and Wanapum 
Dams, with a projected peak worlt force of 1,100. 

From 1970 to 1982, housing units increased 94.31, following increased population and . 
emplayment that accompanied WPPSS projects in the nrid-1970s (Watson et al. 1984). The number 
of housing units grew at an annual average rate of 7.Bi fro• 1973 through 1981. ~fenland, 
Pasco, and Kennewid: all have experienced sharp declines fn housing growth since 1981 (Watson 
et al. 1984). Housing units tn 1982 fn the Tr-i-Cttfes totaled about 58,000 with 691 being 
sfngle-fuily units, 2Di multifa•ily ur.its, and llS 1110bile homes (Tri-Cities Real Estate 
1983). The total vacancy rate in the Tr-i-C1t1es MSA fn 1983 wu about 8.61, or 5,000 vacant 
housing units (Watson et al. 1984). 

4.8.2 Population 

There were about 340,000 people residing within an 80-km radius of the 200 Areas accord
ing to estimates based on the 1980 census (Figure 4.11). The projected population within an 
80-km radius of the 200 Areas for 1990 fs about 420,000 (Sonner et al. 1981). 

(a) An MSA is a designated population nucleus and surrounding areu that are part of the 
same economic and social structure. It comprises a single city of 50,000 population or 
more plus the surrounding associated areas or is a generally urbanized area of mre than 
100,DOO population. The MSA usually follows county boundaries. 
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The estimated population of Benton and Franklin Counties fro• 1981 to 1990 varies fr0111 a 
decline of about ai to an increase of about ai, depending on different assumed economic 
factors. These factors include the restart of construction of WPPSS reactors, possible 

changes in agricultural growth, or the start of new DOE-related projects (Watson et al. 
1984). 
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Investigation of Ground Water Seepage from the Hanford Shoreline 

of the Columbia River, PNL-5289, November 1984 
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TABLE A. 1. Shoreline Inspection Record (Cont'd.) 
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TABLE C .1. (contd) 

51111121• Collectlon Analy:aes 

River HI l•(a) Sa•ple Date/Tl- lH, :i· u, 
Locotlon 50•21• ID 2!!L Collechd pCl/l t2a ~II! t 2a COftllents 

29.0 29.0 RW(c) ll 01-22-8)/1240 (I.Olxl02 t 2.llxl02t(t) 0.11 

ll 09-11-ll/1119 J 2 4 0 llxlO t 2.15Kl0 0.24 2 l for 21/29 coap. 
29-0 Sp (di ll 01-22-81/12,, 

J 2 
l.6Jxl0 t 2.14xl0 2.65 new locatlon- beoch 

bel01,1 RH 29 

21/29 coap. RW(e) 101 01-22-8l/lUO 
4 4 

(l.21Kl0 t l.60Kl0) 2.n 2 l tor 21/29 cot11p. 

101 09-l l-ll/1221 
4 2 

l.llxlO t J.14xl0 0.15 

29.5 29 0 5 RW u 09-11-81/1100 J 2 2.5 l for 29/JI 20 56x10 t 20 48xl0 <0.02 c011p. 

JO.O RW 09-11-81/103) 
l 2 0.15 2.5 l for 29/11 10.0 ll 2.J2xl0 • 2.44xl0 c0111p. 

JO-I Sp u 09-:11-81/1025 J 2 
20.4°C 2.llxlO t 2.52xl0 J.14 10., 10.5 RW ll 09-11-81/1012 J 2 o.05 2.5 l for 29/JI 2 0 1Jxl0 t 2.51xl0 coap. 

' 11.0 JI.O RW u 09-11-81/1009 2 · 2 o.o, 2.5 l for 29/JI 9.18xl0 t 2.20Kl0 coq>. 
n 2 2 . JI-I Sp ll 09-11-8)/1005 (l.51xl0 t 2.02xl0 I ,.2, 15.8"C ...... J 2 29/11 c011p. RW IOl 09-11-81/1100 2.0lxlO t 2.l9xl0 0.26 

ll •' J 1.5 RW ll 09-11-U/0946 2 2 0.15 2.5 l for Jl/lJ c011p. 6.86xl0 t 2.llxlO 
Jl.15 Jl-5 Sp ll 09-11-81/0950 2 2 (l.90xl0 t 2.02Kl0) 2.64 11.4•c 

12.0 12.0 RW u 09-11-81/092) 2 2 0.09 2.5 l for Jl/ll coaip. 4.69xl0 t 2.09xl0 
12.5 12.5 RW u 09-11-81/0912 2 2 

0.11 2.5 l for Jl/ll co111p. 8.06xl0 t 2.16Kl0 
12-0 Sp l.t 09-11-81/0921 2 2 J.llxlO t 2.06xl0 1.18 11.a•c 

11.0 lJ.O RW ll · 09-11-8]/0900 2 2 (l.lOKIO t 2.04xl0 I 0.05 2.5 l for 11/ll c0111p. 

ll-1 Sp ll 09-11-8]/0900 2 2 0.1, l1 0 9°C 5.llxlO t 2.llxlO 
ll/ll coap. RW IOl 09-11-8]/0950 2 2 4.llxlO t 2.08xl0 o. 15 

11.2 ll-1 Sp l.t 12-20-82/1041 l 2 
l.19Kl0 t 2.lOxlO ,.11 6.1·c 

18.25 18-1 Sp ll 12-20-82/1120 2 2 4.12xl0 t 2.50xl0 4.65 6.4"C 
41.5 41.5 RW BK6, It 12-20-82/ 1215 0.62 0.408 · t 0.10 2 l for 41.5/44 

6.2·c 
c0111p., 

41.8 41-1 Sp J)6 ll 12-20-82/1215 l.98 9.01 t J.16 11.1•c 

(a-1) Key tound al end of table • 

. 
l I. 
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TABLE C. l. (contd) 

S!!j!I• Col tact Ion AnaltHS 

River Mll•C•) So•ple Date/Tl- lH, H01, u, 
location 5111111!1• ID _lli!_ Collected pCl/1 t2a ~ pCI/!. 2a Coanents 

42.0 42.0 RW 1}6, •& 12-20-82£12J5 i • ll 1.51 • o.,o 2 1 for 41.,/44 c011p. 

42-1 Sf e. 6 11 12-20-82£1215 U.A l'.4 • ,.40 11.a-c 

It 01-22-81/1510 11.0 t 6.64 u.1•c 

42.25 42-2 SpCd) 11 12-20-82/1105 2.21 16.2 • 5.61 11.2·c 

11 0l-22-U/1500 8.12 t •i.o, 11.1•c 

42.5 42.5 RWCc) It 12-20-82/1114 0.26 o.612 • 0.214 2 l for 41.5/44 coap. 

42-4 Sp 11 12-20-82/1114 1.41 a.1, t 2.12 6.6•c 

11 0l-22-U/1515 8.18 • 2.H 11.,•c 

41.0 O.O RW 11 12-20-82/ 1121 o.n o.401 t 0.140 2 l for 41.5/44 c0111p. 

41.5 O.5 RW 11 12-20-82/1140 0.26 o.'25 • 0.114 2 1 for 4 I .5/44 coap. 

0-1 Sp 11 12-20-82/1140 ... , 12.2 t 4.26 1.8•c 

o.8 O-l Sp J>6, It 12-20-82/11'9 0.44 2.119 t 1.0, 10.1•c -44.0 44.0 RW 11 12-20-82/1150 o. 18 0.191 t I .n 2 1 for 41. 5/44 c011p. 

41.5144 C I 
c0111p. RW e 

tot 12-20-82/1)50 o.66 0.146 t 0.26) 

Co) River •lie locotlons based on 1111rkers lndlcotlng shoreline distance do.1nstreu Ira. Vernita Bridge. 
Cb) PKG denotes •background• river •••Pl• collected t,0111 river surfoce ot th• •lddl• of th• river channel awov froa Hanford 

Shoral Ina. 
Cc) RW denotes river wotar lhpl• collected froa surface within 2 to 4 Nters of Hanford shoreline. 
Cd) Sp denotes river-bank spring s11111ple. 
Ce) Coaip. RW denotes coaposlt• river water s11111pl• comprised of aliquots Ira. 1-dlately praceedlng Shpla locations. 
Cf) Paranthesli enclosing o value Indicates thot th• radionuclide wH not detactabl•J ••••• th• value was lass than Its 

two-standard deviation (counting error) or the value was negative. (It Is not unco1N110n for lndlvldual 11111osur-ent1 
of envlroninental radlooctlvltv to result In values of zero or negative number, due to subtracting out ln1tru111&ntol 
background.) 
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1..J2 PR 4001: M. 
2..:5 PR 16047: C 
~ FR Ulil5; Ju 
~ FR 18320: C 
5-37 FR 6478: M: 
1-31 PR 14878: J 
T-JI FR 44"91; C 
.,_.oFR2188't:J· 
,_.oFR31738:J 
1o-&0 FR 44151: ; 
U-40 FR 44418: ! 
1:Z-40 FR 47508: 1 

1J-'l FR 17740: . 
1+-41 FR %2044: • 
1~1 FR 240&t: • 
11-41 FR 4591i13; C 
17-41 FR 51021: 1 
1.,__.1 FR 51812: J 
lf-41 FR 530:H; I 
20---'2 FR 20'18: JE 
:Zl-42 FR ~68: Ja 
22,-4:Z FR 15971, :a 
%3-42 FR 28137: J 
2t-42 FR 28545: J 
~:z PR 37373: J 
28-42 FR 40685: J-. 
:z'l'-42 PR ~53: .A 
:zs-42 FR 45528: S 
29-42 FR 58755: :N 
30-42 FR 60745: l'I 
Jl-43 FR 3715; Ja: 
32-43 FR 4028: Ja: 
33-43 FR 4821; Pe 
34-43 FR 6233: Fe 
3>-43 FR 9612: ML 
35,,,-43 FR 12691; !t 
37-43 FR 15421; A 
38-43 FR 16345: A 
40--43 FR 20504; M 
41-43 FR 281132: J1 
42-43 FR Z2808: J-1 
43-43 FR 344711; A 
4>-44 FR 21.289: A 
48-44 FR 23054; A · 
411-k FR 29480; M 
50----44 FR 37128; .Jt 
51-44 FR 37132: Jl 
52--M FR 42911: Jl 
S4-44 FR 49220: A t 
55--44 FR 5400'7; S. 
60--H FR 59084; 0 
~4 FR 69208; N , 
815-44 FR 70877; D-
87-C4 FR 75076; o. 
88-45 FR 18010: M 
90-45 FR 21833; Al 
11--45 FR 24090; At 
12--45 FR 27713; Ai 
93--45 FR 28722; ·A1 
94--45 FR 35821: M 
9~5 FR 44935; J1 
96---U FR 44939; J1 
117--45 FR 4735:Z: Jl 
lilS-45 FR 47355; J1.: 
99-cS FR 5:?803; A1 
100-45 FR 5280'7: J. 
102--45 FR 54678; J-. 
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1-32 PR 4001: March 11. 198?. 
%-35 FR 16047: October 13. 1970. 
3-35 FR 8495: June 2. 1970. 
+-35 FR 18320; December 2. 1970. 
5-37 FR 6478: March 30. 1972. 
5-38 FR 14678; June 4. 1973. 
'f-39 FR 44991: December 30. 1914. 
1-40 FR 298a4; July UI. 1975. 
t-'O FR 31738; July 28. 19'15. 
l~0 FR 44151: September 2'. 1975. 
11-40 FR 4+418: September 28. 1975. 
12-40 FR 47504; October 9. 1975. 
13-41 FR 17740: April 28. 1978. 
1+-41 FR 22044: June 1. 1978. 
15-41 FR 24064: June 14. 1978. 
15-41 FR 45993; October 19. 1918. 
l'f-41 FR 51021: NOYember 19, 1918. 
18--41 FR 51812: NOffmber 23, 1978. 
19-41 FR 53034: December 3. 1978. 
20-42 FR 2074; Janua.ry 10, 197'1. 
21-42 FR 2968: Janua.ry 14. 197'1. 
22-42 FR 15971, March 24. 19T7. 
23-42 FR 28137; June 2. 197'7. 
2+-42 PR 285<&5; June 3. 19'1'1'. 
25-42 PR 37373; July 21. 197'7. 
28-42 PR 40485; Aucust 11. 19'1'1'. 
27-42 PR 42353: Aucuat 23. 19'1'1'. 
21-42 FR 45528: September 9, 19'1'1'. 
21-12 FR 58755; November 11. 19'17. 
30-42 FR 60745: November 29. 19'1'1'. 
31-43 FR 3715: J&nua.ry 2'1, 1978. 
32-43 FR 4028: January 31. 1978. 
U-43 PR 4821: Pebru&rJ' 3, 1978. 
J4--43 FR 8233; Pebru&rJ' 14. 117&. 
35-43 FR 9812: 114arcll 9. 1978. 
38,..-43 FR 12891; March 27, 1978. 
37-43 FR 15421: April 13, 1978. 
38-43 FR 18345: April 18, 1978. 
40-43 PR 20504; .May 12. 1978. 
41-43 FR 28932: July 3, 19'78. 
42-43 FR 32808: July 28. 19'78. 
43-43 FR 34479: Aucust 4. 1978. 
46-44 PR 21289; April 10, 1979. 
46-44 PR 230&4; April 17, 19'19. 
~ PR 29480: May 21, 1979. 
50-44 PR 37128: June 25, 19'79. 
Sl-44 PR 37132: June 25, 1979. 
52--44 PR 42911; July 20, 1979. 
$4....44 FR 4ll220; Aucuat 21, 1979. 
55-44 FR 54007: Seotember l'f, 1979. 
80-44 FR 59084: October 12. 19'19. 
85-44 PR 89208; NOYember 30. 1979. 
M--44 FR 706'1'1'; December 7, 1979. 
n-44 PR 75078: December 1a. 11179. 
11--45 FR 18010: March 20. 1980. 
90-45 FR 21833; April 2. 1980. 
11-45 FR 24090; Aprtl 8. 1980. 
12-45 PR 27713; April 23, 1980. 
12-45 FR 28722: ·April 30, 1980. 
K-45 FR 35821; M&J' 28. 1980. · 
15---45 PR 449": July 2. 1980. 
M-45 FR 44939; July 2. 1980. 

· tT-45 PR 47352: July ·14, 1980. 
9~5 FR 47355; July 14, 1980. 
99-45 FR 52803; Aucust 8. 1980. 
100-45 FR 52807; Aucust 8. 1980. . 
102-45 FR 54678; Aucust 15, 1980. 
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103-45 FR 5565<1: Aucuat 20. 1980. 
105-45 FR 63812: September 25. 1980. 
108-45 FR 65132: October l. 1980. 
108-ol6 FR 3178; January 13, 1981. 
111-48 FR 1111115; February 10, 198L 
112-48 FR 40025: Aucust 8. 1981. 
113-48 FR 40664: Aucuat 10, l98L 
114-4'1 FR 4204: J&nuarJ' 28.1982. 
115-47 FR 5425: Pebrua.ry 5. 1982. 
ll'f-4TFR 19995: .May 10, 1982. 
119-47 FR 31670; July 21. 1982. 
123-47 FR 43701; October 4. 1982. 
124-4'1 FR 43962: October 5, 1982. 
125-47 FR 46093: October 15. 1982. 
127-48 FR 812: Janua.ry 5, 1983. 
l.2a-48 FR 1728; Jaoua.ry 14. 1983. 
129-48 FR 28464; June 22. 1983. 
130-48 PR 40184: September 2. 1983. 
131-48 FR 43043: September 21. 1983. 
132-48 FR 46057: October 11. 1983. 
134-48 FR 46338; October 12. 1983. 
135-48 PR 48341; October 12, 1983. 
138-48 PR 49249: October 25. 1983. 
137---49 FR 1058: Jaoua.ry 9, 1984. 
138-49 FR 1994: Jaouar7 17. 1984. 
139-49 PR 2783: Januar7 23. 1984. 
142-49 FR 7335: Februar7 28.1984. 
143-49 FR 73114; Pebruar7 29, 1984. 
14-4--49 FR 7398: February 29, 1984. 
145-49 FR 10528; Maleh 20, 1984. 
148-49 PR 14358; April 11. 1984. 
149-49 PR 22334; May 29, 1984. 
150-49 FR 2'1514; July 5. 1984. 
158-49 PR 33885: Aurust 2'7. 1984. 
157-49 FR 3ff94; Aucust 31. 1984. 
159-49 FR 34504: Aucust 31. 1984. 
180-49 PR 34510: Auaust 31, 1984. 
181-19 FR 35954; September 13, 1984. 
183-49 PR •3089; October 28. 1984. 
184-49 FR 43969; November 1. 1984. 
188-49 PR 45183: November 15. 1984. 
188-ol9 FR 49839: December 21. 1984. 
189----50 PR 1056: Jaouary 9, 11185. 
170--50 FR 4228: J&nuar7 30, 1985. 
171-60 PR 4945; Febru&rJ' 4. 1985. 
173-30 FR 12302: March 28. 1985. 
174-50 FR 12305; March 28. 1985. 
181-50 FR 20785; May 20. 1985. 
ln-50 PR 21792: May 28. 11185. 
183-S0 FR 23884: June 8. 1985. 
184-50. FR 24530: June 11. 1985. 
185-S0 FR 24853: June 12. 1985. 
188-SO FR 25878; June 20. 1985. 
188-S0 FR 28575: June 27. 1985. 
189-50 PR 2'7002: July 1. 1985. 
193-50 FR 30194: July 24. 1985. 
195-50 PR 3159a; Ausuat 5. 1985. 
196--SO FR 31803; Aucust 5. 1985. 
203-50 FR 37198: September 12. 1985. 
205-50 FR 39117: September 27, 1985. 
206-50 PR 39123; September 27, 1985. 
210--50 FR 50308; December 10. 1985. 
211-50 FR 50733; Dececber 11. 1985. 
212-50 FR 51252: o-mt>er 18. 1985. 
218-51 PR 8690; Pebrua.ry :zs; 1984. 
222-51 FR 10850: March 31. 1988. 
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m-11 PR 1085'1: Mardl 31. 11184. 
224-51 PR 10884: Mardl 31. 1984. 
22'1-51 PR 18047: April 30. 1984. 
%21-51 FR 16482; May 2. 1988. 
233-51 FR 17980; May UI, 1981. 
236-51 FR 23781; JulY 1, 1986. 
239-51 FR %'14911; July 31. 1984. 
241-51 PR 31U2: September 3. 1984. 
242-51 FR 34412: Bept.ember 28, 1981. 
24~1 FR 34425: September 28, 1984. 

[41 FR 34182. July 2'1. 1983: 48 FR 341181, 
Aus. Z. 1983. u amended at. 48 PR 39943, 
Sept. 2. 1983; 48 FR 48337, Oct. 12. 1983; 48 
FR 52'143. NOT. 22, 1983: 41 FR 1058. Jau. 9, 
1914: 49 FR 33812. Aus. 2'1, 19841 

EDrrollUL Non: For addlt1oml P'l:DaAJ. 
Rmun:a dt.&tiom atfect.1DS the table ID 
11'1.ll<b>, - the llat1nS wbich follaWa the 
table. 

Ena.UH DAD Non: At 51 FR 34412. 
34426. Sept. 28, 1988, the table ID 11 '1.ll<h> 
wu amended by add1nc "SbreW. Dllmal 
Swamp southeutem" alphabeticallY wider 
"M•mm•I•" and &dd1n8 "Cn.Fflsh. Nub• 
Ytlle" &lphabettcally under "Crustaceam", 
effective October 2'1. 111aa. 

D 17.1% Endanpreci and threatened plant&. 
Ca> The list in thJa section conta.im 

the names of all species of plants 
which have been determined by the 
Services to be Endangered or Threat
ened. It also contains the names of 
species of plants treated as Endan-
1ered or Threatened because they are 
sufficiently similar in appearance to 
EndangP.red or Threatened species 
<see I 17..50 et seq. >. 

Cb> The columns entitled "Scientific 
name" and "Common name" define 
the species of plant within the mean
inl o.t the Act. Althou1h common 
names a.re lnclr.:ied, they cannot be 
relied upon for identification of any 
specimen, since they may vary ,reatly 
1n local usage. The Services shall use 
the most recently accepted scientUic 
name. In cases iD which con.tu.::!on 
might arise, a synonym<s> will be pro
vided in parentheses. 'The Services 
shall rely to the extent practicable on 
the Interncitional Code of Botanical 
Nomnu:lature. 

Cc> In the "Sta.tu.s" column the fol
lowin1 symbols a.re used: "E" !or En
dangered. "T" for Threatened. and "E 
[or Tl CS/ Al" for similarity of appear
ance species. 

Cd> The other da.ta. in the list are 
nonregulatory iD nature and a.re pro
vided for the information of the 

50 C:l Ch. I (10-1-86 Edition) 

reader. In the annual revision and 
compilation of th1a title. the followinc 
information may be amended without 
publlc notice: the spelllng of species' 
names, historical ran1e, footnotes, ref
erences to certain other applicable 
portions of this title, synonyms. and 
more current names. In any of these 
revised entries. neither the species, u 
defined in paragraph Cb) of thJa sec
tion. nor its statua may be chanpd 
without following the procedures ol 
Part 424 of thia title. 

Ce> The "HLstc,ric range" Indicates 
the known general distribution of the 
species or subspecies u reported in the 
current scienWlc literature. The 
present distribution may be cre&ilY re
duced from thJa historic range. This 
column does not imply any limitation 
on the application of the prohibltiom 
1n the Act or implementing rules. Such 
prohibitions apply to all lndlviduala of 
the plant species. wherever found. 

(f)(l) A footnote to the F!llERAL Rm
ISTEll publica.tion<s> lJst1n& or reclasal
fying a species is indicated under the· · 
column ' 'When listed." Footnote num
bers to U 17.11 and 17.12 are 1n the 
same numerical sequence. since plants 
a.nd animals may be listed iD the same 
FEl>EllAl. REGISTD document. That 
document, at least since 1973, Includes 
a statement ind!~ the basis for 
the llstin1, u well a& the effective 
date<sl of said llsting. 

C2l The "Special rules" and "Critical 
h:ibita.t" columns provide a cross refer
ence to other sectfons iD Parts 17. 222. 
226, or 227. The " Special rules" 
column will also be used to cite the 
special rules which describe eXPeri
mental populations and de~rmine U 
they are essential or nonessential. Sep
a.ra.te listings will be ma.de for experi
mental populations. and the status 
column will Include the following sym
bols: "XE" for an esseutia.l experimen• 
tal population and ":XN" for a nones
sential e:icperil.ienta.l population. The 
term "NA" (not applicable> appearing 
iD either of these two columns indl
ca.tes that there are no special rules 
and/or critical habitat for that par• 
ticula.r species. However. all other ap• 
propriate rules iD Parts 17. 217 
through 227, and 402 still apply to 
that species. In addition. there ma.y be 
other rules iD this tiUe that rela.te to 

U.S. Fili 

.ucb.Pla ·1 menta. I 
erences 
JJst all t! 
lceS whi 
or to th, 
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U.S. Fish and Wildlife Serv., Interior 

such plants. e.g_ port-of-entry require
ments. It Is not intended that the ref
erences in the '"Special rules" column 
11st all the regulations of the two Serv
ices which might apply to the si,ecies 
at to the regulations of other Federal 

§ 17.12 

agencies or State or local iiovem
menr.s. 

(IJ) The list~ of a particular taxon 
includes all lower taxonomic unit.s <see 
t 17.ll<i) !or examples>. 

<h> The '"List of Endangered and 
Threatened Plants .. la provided below: 
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REFERENCE 19 

Memo to file from BW Mercer regarding Franklin County 

Drinking Water Wells, August 25, 1987 
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()Battene 
Pacific Northwest Laboratories 

F'l'OjectNumcer ------

Internal Oimbution 

Cate 

To 

August 25, 1987 

Ffle 

B. W. Mercer_Oa.,if}~" _fli,J/t\ 

Or1nk1ng Water Wells in Franklin County within 3 
Miles of the 200 Area Defined Boundary and within 3 
miles of the 300 Area Defined Boundary 

File/LB 

Mr. Clifford L. Bates of the Benton Franklin ·01strict Health Department was 
contacted on the above date for information on the number of drinking water 
wells within the subject boundaries. Mr. Bates has a map of Franklin County 
in his office showing the location and nitrate levels of drinking water wel l s 
that he is aware of. There may be other wells that have not been reported. 
The number of wells within 3 miles of the 200 -Area defined boundary and wi th i n 
3 miles of the 300 Area defined boundary are tabulated on the following pages 
which also give estimates of the number of people s.erved. 

, I 7 i 

BWM:DAL:dar 

--

......... ·.-~ ... --



-

._r To Ff le 
... August 25, 1987 

Page 2 

r 

,( .. 

,. -
Wells within 3 Miles of 200 Area Plume fn the Columbia River 

Boundary: l) North edge of T. 12 N. on an east-west line with Klamath Rd. 

2) East boundary north-south along Taylor Flats Rd. 

3) West boundary - Columbia River , ... 

4) South boundary - Sagemoor Rd • . 

Total No. of wells within this boundary fs 17 including private dwellings and 
community wells(3). Private single dwellingwells • 14. 

No. of community wells (from State of Washington Public Water Supply System 
Li sting) 

Ii 
Permanent People Mi grant Farmworker Residents 

l. Eppich Water System 12 8 -

2. Cypress Gardens School 12 0 

3. Rio Vista ·orchards 8 0 

TOTAL 32 8 • 40 people 

assume 3 people to private single dwelling wells• 14 x 3.8 • 53.2 people 

TOTAL • 95.2 people 
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To File 
August 25, 1987 
Page 3 

'(_ 

Wells within 3 Miles of 300 Area Plume 

Boundary: l) North• along Dogwood Rd on line to river 

2) East• along Taylor Flats Rd 

3) West• along Columbia River 
' 

4) South• along Dent Rd and line to river 

Total No. of wells within this boundary is 17 including both private single 
dwelling wells and community wells • 

. No. of community wells (from State of Washington Public Water Supply System 
Listing) 

1. Cypress Gardens School 

2. Rio Vista Orchards. 

TOTAL 

No. People Served 

12 

8 

20 people 

assume 3.8 people at each single dwelling well: 

·15 wells x 3.8 people/well ,. 57 people 

Total people single+ community wells• · 77 People 
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REFERENCE 15 

Environmental Sample Analysis Result Report, 

21 Dec 82 to 15 Mar 83 (database printout) 



13-AUG-97 Page 1 
ENVIRONMENTAL SAMPLE ANALYSIS RESULT REPORT 

21 DEC 82 to 15 MAR 83 

WATER RIVER WATER CUMULATIVE UNFILTERED 

Samp #: 1265 

Cata Off Data On ---- - - -
21 CEC 82 ...,~ NOV is d 
18 JAN 83 21 DEC 
15 FEB 8.,. ..:, 18 JAN 
15 MAR 83 15 FEB 

PRIEST RAPIDS-RIVER 

1O4/U 

Result +I- 2 
<PCI/L 

Sigma 
) 

----
82 2.71E-Ol +I- ,; I 4 91=°-()" -
82 .,;;. . Z7E-O 1 +I- 1. 14E-O 1 
83 3.21E-01 +I- 1.12E-Ol 
83 4.37E-01 +/- 1. S3E-<) 1 

Comments 

liFi;_5_ 

Fraction of Results>DL: 4/ 4 Mean: 3.39E-O1 
Minimumi 2.71E-Ot. <21 DEC 82) 
Maximum: 4.37E-01 <15 MAR 83) 
Median: 3.21E-01 

. . ·- - ---- --

Standard Error of Mean: 1.0lE-01 
Sta~dard Deviation: 2.0lE-01 

Ref. 15.1 
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REFERENCE 16 

Drawing H-3-53734 (showing 300 Area River Intake) 
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REFERENCE 17 

Memo to file from WS Weygandt regarding Personal 

Conversation with Frank Trent concerning TUC Irrigation 

Intake, August 12, 1987; including note to file from 

RD Stenner on October 29, 1987, concerning Crops Grown 

on the TUC 160 Acres 

... 



-C'-..J 
'/".t""; -... .,....... 
a-, .. 

/ !; . l· .. T I , I 

()Banene Pft>ject Numcer -----

Pacific Northwest Laboratcries 

File/LB 

o.. August 12, 1987 

To File 

From W. S. Weygandt 

Sub;ect Tri-Cities University Center Water Intake 

A telephone conversation with Frank Trent, the ground's manager at TUC, revealed 
that TUC draws water from the Columbia River to irrigate approximately 160 
acres. The intake 1s located directly behind the Center, which is located on 
Sprout Road. 

WSW:cs 

t'-i,;Y"J 

a slc.l~""'~~{/lfor 
') 

roraa,e C"of' 

C1 -/5 ° 1"Pe) t ~ :1 s ~ /, {fN!,,,. f- {o--
1-oo 4--e~ A ~l'-J e 

Ref. 17.l 
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File Note 

Date: 10/29/87 2~ 
From: RD Stenner ~ 

. Subject: Crops Grown on the TUC 160 Acres • 

The 160 Acres that are irrigated by the Tri-Cities University Center are used 
to grow alfalfa which is used as cattle feed • 

- I 
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REFERENCE 18 

Endangered and Threatened Wildlife and Plants, 

50 CFR, Part 17 ,- Subpart B, October 86 



f 17.11 

Issued under Part 21 of this chapter: 
and 

<2> Identified in the earliest applica
ble annual report required to be flled 
by a permittee under Part 21 of thia 
chapter u in a permittee'a pc,ssesaion 
on November 10, 1978, or u the prore
DY of such a raptor. 

Cb> Thia section does not apply to 
any raptor intentionally returned to 
the wild. 

[41 PR 3180'f, J'al7 l.19al 

SoftAZ 41 1"R 34112. J'al7 2'1', 19a. unlea 
otherwilenoted. 

117.11 Eadanpnd UMl threalened wilcl
lllL 

<a> The list in this section contalns 
the names of all species of wtldll!e 
which have been determined by the 
Services to be Endangered or Threat
ened. It alao contain.I the names of 
apec:iea of wtldll!e treated u Endan
rered or Threatened because they are 
suUldently similar in appearance to 
Endaneered or Threatened species 
<see I 17.50 et .seq.>. 

<b> The columns entitled .. Common 
Name." .. Scientlfic Name," and "Verte
brate Population Where Endanpred 
or Threatened" define the species of 
wfldll!e within the meanln1 of the Act. 
Thus. differently classified ireocraphic 
populations of the same vertebrate 
subspecies or species shall be identi
fied by their d1ffer1D1 po,raphic 
bounda.ries. even though the other two 
columns are identical. The term 
"Entire" means that all populations 
throughout the present ranre of a ver
tebrate species are listed. Although 
common names are included. they 
cannot be relied upon for identlflca
tion of any specimen, since they may 
vary greatly in local usage. The Serv
ices shall use the most recently accept
ed scientific name. In cases in which 
confusion mi1ht arise, a synonym<s> 
will be provided ln parentheses. The 
Services shall rely to the extent practi
cable on the International Cod.e of Zo
ological Nom.encla.ture. 

<c> In the "Status" column the fol
lowing symbols are used: "E" for En
danrered. "T" _for Threatened. and "E 

50 Cfl Ch. I (10-1-86 Edition) 

(or Tl CS/ A·>,. for s1mil&rity of appear
ance species. 

Cd> The other data in the list are 
nonrelUlatory in nature and are pro
vided for the information of the 
reader. In the annual revision and 
compilation of this title. the followtnc 
information may be amended without 
publlc notice: the spelling of species' 
names. historical ranre. footnotes. ref
erences to certain other applicable 
portions of this title, synonyms, and 
more current names. In any of these 
revised entries. neither the species.· u 
defined in paragraph Cb> of this sec
tion. nor its status may be chanced 
without followtnc the procedures of 
Part 424 of this title. 

Ce> The "historic ranp" indicates 
the known reneral distribution of the 
species or subspedes a.s reported in the 
current sdentific literature. The 
present distribution may be rreatly re- . 
duced from this historic ranee. ThJs 
column does not imply any llmitation 
on the application of the prohibitions 
in the Act or implementing rules. Such 
prohibitions apply to all individuals of 
the spedes. wherever found. 

<f>Cl> A footnote to the FJ:Da.u. Rm
ISTD publlcation<a> 1.1.stlna or recla.u1-
fytnc a spedes is indicated under the 
column "When listed.'• Footnote num
bers to H 17.11 and 17.12 are in the 
same numerical sequence. since pls.nta 
and animal! may be listed in the same 
Fc>u.u. Rmttn:a document. That 
document. at least smce 1973, includes 
a statement lndicatJn1 the ba.sia for 
the llstlnc. as well as the eUective 
date<s> of said llstinr. 

<2> The "Spedal rules .. and "Critical 
habitat" columns provide a cross refer
ence to other sections in Part.s 17. 222. 
226, or 227. The "Spedal rules .. 
column will alao be used to dte the 
special rules that describe exi:;erimen
tal populations and determine if the7 
are essential or nonessential. Separate 
listing will be made for experimental 
populations. and the status column 
will include the followinr symbols: 
"XE" for an essential experimental 
population and "XN"' for a nonessen
tial experimental population. The 
term "NA" <not applicable> appearlnl 
in either of these two columns indi• 
cates that there are no special rules 
-and/or critical habitat for that. par-

72 

U.S. Fish a · 

t!cular spe, 
propriate 
throulh :Z: 
that specie 
other rules 
such wild!: 
quirement=. 
references 
column list 
two Service 
spec:ies or t 
Federal ace 
emmenta. 

<1> The 11: 
lncludes all 
example, tJ 
bona) la llstl 
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U.S. Fish and Wildlife Serv., Interior 

tfc:ular species. However. all other ap. 
propriate rules in Parts 17, 217 
throuch 22'7, and 402 stW apply to 
that species. In addJtfon. there may be 
other rules ln this title that relate to 
such wildlife. e.c.. port-of-entry re
quirements. It la not Intended that the 
references in the "Special rules" 
column lbt all the reiruiations ot the 
two Services which mi:ht apply to the 
species or to the reirulationa of other 
Federal qencies or State or local IOV• 
emments. 

<c> The Ustinc ot a Particular tuon · 
Includes all lower taxonomic units. For 
example. the cenus H11loba.tu <lib
bons) la Listed as Endancered throuc.b-

73 

§17.lt· 

out Its entire range <China. Indl:i. an., 
SE Asia); corurequently, all specie., 
subspecies. and populations ot thai 
renua are considered U$ted a.s Endan 
rered !or the purposes ot the Act. I11 
1978 (43 FR 6230-6233> the species Ha. 
liiuetiu leucoce:,haliu <bald eagle> wa... 
Listed a.s Threatened in "USA <WA. 
OR. MN. WI. MI>" rather than It. 
entire population; thus. all lndividuah. 
of the bald eagle found in those nve 
States are considered listed a.s Threat
ened for the purposes ot the Act. 

<h> The "List ot Endanirered and 
Threatened Wildlife" la provided 
below: 



~ 
~ 

Specie• 

eomn--

............ 
Sdenllllcneme 

Hllollc range 
Vet1ebf1le 

popul1Uon ....... 
endangered or 

llvHllned 

Anoe, lowland·-- ···········-·········-···-·- a.o.4,e ~,swmil .... -1 lndMMII I Enllr•··········-- · ~,. ..... 
..... - - -··-· --·-· - _ _ T_ .... Aluiope. giant .................. -----1Hippohg,A ,iw-V811Mt1 Angall---------..J 

Algal ..................•..•.•. ------••••• 0... IIIM10II hodg-- 0>lna (Tllet, HlmalayH)-----• ...... do .. •- ·••-•-
Arlllldillo • .,...,._ ______ --1 PriodotlU•,.,.,..,,,,. c -~1--. v_,.,. and Guyana III Argenllnl-. • .... do I 
Atmedillo. ~ tally ....... -----· Qila,,,,.,,,_ N'IUM Atgenllna---····· ........ ___ -l ••····do··•·- ---1 
Aea, Alrlcan wild ··------····.... Eqwa •""" C ••hc.111111) Sornda. Sudan, Elhiopll. ____ ...... Somalia, Sudan, 

Elhloj)la. 
AH. Ae1an wld (•......,,_ onage,) ................ Eqwa ,,..,,.,,,.,.···•-----····•·· Soull1wHlem and c.ni,a1 Aala ..... •-•-··· Enlira ..•. ·-··•·-

...... do•-----1 Av"'11~----------·· Av.N C•U:llanaMI ~ (•enllra Llalaguy ~ (•Madaaatcel)._ .• ..•• 
11 ...... ). 

A_..A,- . ............ - ··-·· 0...-iA:lwlill IIMldaga---······-··-·· Malaga1y Repwlc l•LladlQ11CW)._ •....... do. j 
Bablruu ......... ---------1 S.i,,n,.- Nt>,n,sM------t lndoneaJ.o ...... do.·-······ ···•••• .. . 
Baboon. llflada·-····--- ---· ~ ~illda------ Elhlopja-----------1 ...... do. ___ _ 
Bandiceol, llaned ........••.•.. ____ .., ,,,.,_,., ~ -----.....i Auallala ·-----------1 ..... do ____ _, 
Bandcool. deaer1--------· ,,.,_,,,.,_, .,.,,..,.. _______ , ...... do----···· .. ··········----.., •.... do .................. - •. 

::=: ::.-:.::-i···-----=:.. ~--------····· ::::::::::::::::::::::::::::::::: ::::··--1 
llendlcool. roMIII ................. -·-······ ... ·.· '4laoa i.go#a .• ·-····------·· ••.•.. do _____ ------t ...... do 
een1eng .................. .. ................... ·-···- ··· &» ,-~ c-~>-----1 &ou1M111 A• . ....... ·------• ...... do 
811. B<Mw·• .._. lllrina 11:.).-................ Aprr,1.i., "'-'-"'- ------1 Papua New G..,._ ____ .•.•••.•... . ..... do. 
111. ~ ·----- --- 0.--,,cl.,_ ~····--.. ··•••·· Tllalland ................................... .............. - .......... do ......... . ·--··· ... . 
811, ll'W·•· .. ···•• .. -· ........... _ ___ -1 ~-~ ----- - -t Cenllal and SoulheHllffl U.S.A.·-··- - ........ do .. 
811 • .._ ..... hoafy •••.•••...••••• . ---•-1 UMltlll ~------- U.S.A. (Hl) ................ -------1 ...... do .....•.•.•.•••••• - ... . 
let. lndlena ................ -------1 ~11• ..,.,..._________ EHlem and Llklwule,n U.I .A·-·····-···· ..... do, _ ___ _ 
I•. li11le MOllana ...... _ ........... ...... ....... Ploropu, loolCAM•--------, WHllffl Peelle: Ocean: U.S.A. (~ ...... .. .... do ................... -
811, Ma/11111 !NII _ ..... _____ _ _, PINrJpu, -"-_,.,..,.·-···-··........ W11tem Pacific ClcHn: U.S A. (Guam. Guam ............. _ ...•... 

Role. llnlan. S.lpan. Aglguan). 
111. 0111,t ~ed ··-······- ·······- ········· Pl«otA townund/1 .,_ U.S.A. (MO. OK. AAI ............................ ·-···••· Enllra J 
811. Rodng,oe• INll lllp,a ID,c) •• ·- ···· ........... Pl._ n:xlric»nJ/1 .•. ______ lndlen Ocean: Rodriguel l1land ......... _ ··-· ...... do ... -··•··•·-·-
B1I, Slngl!)Ofl roundl .. l hmM"'-·-··•··· Hff)O-.,_ fidl.,t. _______ Melayala ......................................................... . ..... do ............... •-•·· 
8•~ "ginle big-eel .... ............. ..... ... - ....... Pl«oA/I to,m.lMll# ~ ·····-·········· U.S.A. (KY, NC, YN, VAi ...•••....•...•..•••••..• ........ do .•••..•••.•••••.•••... 
Bow. l1luclll11M.................... ................. t.h.,. ,,.,.,..,, (l«JroMnu,................. ... hn. Palu1lan........................................... ....... . ..... do ................... _ .. 

:::: =:: :::::::::::::::::::: ::: ::::::::::::::::::::::: ::: :: =~.::::::::::: .................... ~=~.·~.::::::::::::::::::::::::::::::::::::::::::::::::· ~;"::::·:~::::::::::·::::::1 
a-. t.own • .,imy .................................. t.'_ .tre,.,. 1-11.• /lrvm,bl . ..... •.... 11o1a1tt1o..... 11 a, 41 I 

t,ij,, ..... IUIJI 
SlelN. 

!:::;:::~ ::::::=::::::~::~::::::::::I E-E·=~········ .. ··········:I =~~~:u:.·;·::·······--·······-l E:L::::::::===:::: 

Bobcal .......................................................... 1 F•lltJ NM•~• ..................... .... ..... .. . , Canlral Mallico .................................. - .•.•.. .. Eftllra ......... ............... 1 
Bonlabok (anlalopa) .. ._ ........ . tlotMbcw dotul dotut ~ .•...•....•..•.......... 6outh Alrlca ..................................... - .......... ..... do ....................... . 
Camel. hclrian .............. .... - ....................... C.IN"'9 NCh!IIUfl I •Awwl ...................... Mongolia. 0>lna .......................... .... .............. ....... do ....... ............... . 
Caribou. woodland................ R•ngl(- ,_,_,,..,. UIC)ou ._ ........ ............ .. .. Canada. U.S.A. (AK. ID. LIE. Ml. MN, LIT, Canada (1h11 pll1 

NH, VT. WA. WII. ol U . Brit Col. 
boundedbJ ... 
C....•USA bor'"'. 

~~ 
.... ~. ... , . ,r _ .. 

· .. ~ 

11:fi 

r ' 

- ,,, , 

519. ... 

i 
i 
I 

~ 
hied 

I 

11 
ti 
ti 
11 
I 

,. 2a 

I 
I 

a 
ti .. 
4 

• 4 
4 
4 
I 

138 ,,. 
II • 
' ISi 

161 

15 
t3t 
13t 
IS 

233 
15 
II 

11 i . I 

·: I 

Ctlllcal 
hallllat 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 
HA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

n .e5111 
NA 
NA 

NA 
NA 
NA 

11.15(al 
NA 
NA 
N.\ 

II\ 

El 

I\ II\ NA\ 
i 11 NA 
E II NA 
E 121E, NA 

l36E. 
143 

6p.clll 
AMII 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 
HA 

11.40(c) 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
HA 
NA 
NA 
NA 
NA 

NA 
HA 
NA 
NA 
NA 
NA 
N.\ 

Hil'lhl 

NA 
NA 
NA 

--:,a --

I 
Q ,. 
p 
-..... -p -
* "' IL 

1 ,_ 

"" ~ 
"" "' "" I NA 

Q 
:a 

••: ll r~T"l;\ . 1
·•i.,.}.'('.·' ii.• ---·· "''. , f ': ·1 I;,.. ~ J, 

,.~:. '',.·•,;I t·· 
r .t /)~~ '.i ~ i:_ '\ fi ;' : •.,;. J 
' . ·•··1·J. ; . -.. -L' " · '..; \l ·if ' 

· ,r_~,'.~. -/ :/H}I{.11) :!t·· , . 
: I · 1 

·, • · I • ·'. ~ · ,. • 
. ,f " : .. ! : i '• . . f, . . .. " . I , . '. A 
.. . . ' ' • • , ~, i'!I I " • I · 1 '~ ·. 

• 

1:r· ,.; ;, ~.. ' , l9 ~_a'._ ~• • • 1,• 
, . ll: \'!,r'" .Ii .... , ,.::: ·, ; , .· . l 

, ' .. : .. ~ ! ;f:.'tt 1 ·"· ;,: 1 ~ : ;.:: '. • ·- tJ 
: f; '<jl,•'~Ji~;..:,1--,:r:\ • !.,;, 1•~~, 
. '· t ··· •J,l1J:;.,,•., ·, J,f , ll ! 

t· ' ' 1'~' ' ,: •:. ' ., • . . ... ·~ 
I 1 ' ,· I • • '.·~ l '' .. :. i · ,,, ; • "I' • ~ • t ·" ,l 

~ \ •I " , , ' . '. • l'. :·· ·~ . . )" i,~ :1~ ;-~1 •: ·.• •f•,; :., 
'" • • 1.1. (~f •~ 1 ••. ~ ~.\ 
I' 'l{~l' ~:' 1, . ,-; J':• '.1••:1 •.t · I , .. 11 t:•· I' :· . ' .l,·,~·· 

t • > ( , •~ t • • I I J 
··.~~~~•,t-·:~•·•·.i:' ,, 

• ~ ~ - •,, ... . ,; · •• ;i. •., -• • ~~ . I . ,., , ~ . . . ., · 1" I·"" • t - I : , • I ~ 
, ·• • , • • , • 11 • · ' . , J , '> .,, 
'' i' . , J 141 • 1:, ' i ' • f ..• ,,,,. , • ' 1 ... ' . ., ' . '\\ ,' j 1 , , i •', t I ' 1., :: t.-

'. . r • . • • . . t . • 
' ~ i:. , ' 1 '\ ,1 l 1 , , .. ,. Ct 

I .. I •. j • ~ • • 

' '· ·1t, •1/t :· ' ~ .. ' .. ~ ,. .. ~..: .. ,. iU 
' · ,1. r-J~,. i ,., ·. ,: ·,,, . .,,, 

·. ::rr:At:·t·: -:'~ /~:/ •. :~ i ~\ ! 
. . ' , .. ,,,,.I :,. J. ! • I ' ' .• I ¢. I : 

'-r:, ,,, · •• •·• 1 · .· ·• ' ·. ' · · · ·1 
C; < • • 1,~ • ' \ • I .• • , ' ~ ,I~ 
' ·, • •• ,<I, • • .I j• •, ' 
. ·• I -•.· I ' l . ' f· •. ' . •: . ' \·.• . 

" • ~ f . P, ,. :\ 1 · 11. · ~. 1 , 't. . ._l .'": ,·· i ~• 
1
• 

,. ' ''· 'f. '· " .. :- ~ ,-1 .. ·: ~.j, •.• , •• • ''j' 
' , . 1 :: .. { M/::f\·!: i :~.~· ;_~· --•·' · .i : lf -: 

t 1 , .., 1~·~ if 1"' ~ •:I, • ~ ,\ t , · , , · ;, , . " • I,· l . I 1, / . ': \k' ' ~. .• ; . . . ~ : ·; ' I . 
•• ,.,1• 1,, r, fi , ·, . • I+ 

·. . •' ' . . h.·1· l \\ '1 i:• / .. ,-':. ... ; .. ~. 
' ': ~• :\ ,,i:o,.::_., -: i •. . ; I\ , , , t "' f'l•( 

. • ~ '"rl!.•1 ft.1,, : 1 ! / ; ; .. :. t'• . • 1, 
. lr· ' sr· !fif r i · .. 11 · :·. ". I ~ ..l .. -;v •· 
:.: . },,.-:•~.\,.• ':~~ j ...... ~ •• ;~ - ~ •?ij 
. ~:·• '' :.r!., ~~-., , , ,-: •t, ! l-.:.t I' 
,· .. , ••'·•nr"1• t i -· ·"' ,:.t f•J' 
•. ' 1 1"~·1i . ~· I :: I :, • ., ,1'" • • i! ,•.~~,~ 

J.• • ': • I :'-; '. , . • ' ,, . • 
1 • ;->, 1i1' ~ t. -~ •I ~ i . , ,, • 

:. ·· ...• ,,·. ,.fr,,• ,:' f ; ., ', . t ''! 
j: l >•; , 1 . 1.-1,lt /, 'I • ' . •l .., • I 

.. ' ' • ... • • ~ , ,·,.., J.' ,~ • J-, .,f ' ' f ... "·'-' ,t lf I •. i- J ·~ .:, . ;, • _,, 
'' .IF · ! t t,.' 1' ' ' ' ~• .! 

• !! ~· "' , ; ~f.'.!' • •·1 • ,,, • .r . . ; •.~ .. ~ .· ,-. :-' ll.)·1:: ;.:'·.,..: ·: ;< -~ ... , Ji1,, 
,- ~1 . ·,~ -'\:' ~l· 0 ~L',,.1. _.l o . ri · , i 
·l •.i·i r ·,._.,~.1"'"·,'.:. • ·~1·, ., . \~ I 

. ; . ·r ' · t "- l . i , ·, t ~ ' 1· j t ~ ',,. , ' 1't _., .. ' ••• ~'l. ' ... }' ' 
r . : ·.; (' .. 1,•,.,'. .. :.-.;, • r" , f· , I 
>:. , .. .... .,r1111: ~r-~.· .. ·t~1•: . :,.: 

. ·,. ' ~" . ,, ·~T•;t ' ' ' • . , . . l ' ... • I•. I 
. · ' J 1·' l-:1 :.;, '.,,. ·' •J,, 

~" : : } ... .. ~\ 1 , ..., 1 • ·.I: . ~ 1 'I .P," Z. ~. t 

. ~· ,, ,.1, ,.1•., j•,·;: t -J! :·•, ·.· .. ::•,!I 
.. .- t • ~ ti. l ·,. t . II; t~ , .t 11..,, t'1i'" '11 
,.f•-: "•:t:,i ", ,i[;,~~},:li\ :' /, l ~' j l• 
.., ·:-•:, ' ~ .. :'r)! ' ' '} . 1.1 • ! .. \· ' 
j ·' \t \. t .... 1t·· .. •J· ~-1r ,p:'• ... •. • • 0

• .. • ' ~ I r . •• • .. , ' 
• : • i t:: ~ {.~t t--i .• ~{-~ i,. -: ~-1 · 1 ~. t ~j l t.-~~ · '-- \.\t tli" ii,~e,::-~ ,.-•,· ·, ·I ~ r· r 

_..,.. ; ~• t \, '., t • , , l • J "'t," " '\ ~ ~ }:' 4-• • / , ' • ; • • 

. u ~"1.. :i:t it i;e -~ ~ :,, '.J: ; ! 1 ~n I 
;_" 1 .... - •• .J: ~. ·~~-~\ •. J:

1
~ .. ": ;,. ....... ft "•~ ... ~,_ : 

-i··· . ,,'t.,.iri·~· ~•• ' ' ~ I ,; 1 • l· 1·; 
I.~ ', '1 l ••·•, .. ,!• L e 1,. } .t:,, ;~ ,1 • ~t ij•· • 
'-!Jf J). .... ,,,;t. b :.. , .. '\f • I 

,, ,. ·,• {•.,_, •~, \ ~' '•' r . ·• • : ••• • • • '} .,. • • , . ' ' ••;.I' ' •3• 
·~ • I "'t i ~•-n 1\ ,;of" i • t r l ,e" ~ Jr t f 3 

j ~·., f.!.·'¥: ~)tit I i1.l:'t ~'j t_~l~j~i~,: · ~~ i ' '*r~l i - 1 , '• '> •· ~. 1 , :t~ \ :• ... • t 1. 1{,I!:.~ I }. I ';. , - , °!•~, ,.•,, • 



I 
I 

j 

---· ---------------------------
~ ................................. ----... FM NAA1 ~• .............................. _ .. Cenltol Maxlco ....... _____ ........ Ellllfe ....................... .. 
lonl- Canleiape. ... Qonwiiocu, aotca, lbU• ............................ 6oulll AlnU ............. - ..... - ................................... 00 ....................... . .. 
Camel, 8ac111a11. •. C.,,.,'-- tMctri.nu. < •.-WI ....................... Mongolia. China ......................... .......................... do ......................... . 
Ceribou, WCKldl6nd.-. fw¥Jlft11 IMAn<M U/IOOII ...... -; .................. <Anada, U.S.A. CAIi. i>, ME. Ml, MN. MT, Cenada Cll\al pan 

NH, VT, WA. WI.. ol S.E. 11111. Col. 
bounded llr Ille 
Can. ·USA llonlel, 
Columllla A., 
1<001.naw R., 
1<001anaw l .• and 
1(001anal A.I, 
U.S.A. (10, WA •. 

Cet. Anclaan .... ·-----·-···· F•llljMx)blla ................................................. Chile, Pwu, llolMa. Afgenllna ...................... Enlile .................. - .... . 
Cet. bladl·IOOI'"" F• ~ ......................... ·----·· Soulheln Alllca ............................................ .. .... do ....................... .. 
Cet. .. ,.• ~ F-'la panlc.,U ......................... -.-• ............ Meleylle, lncloneala---......................... do __ _ 
Cet. ll1omOle F-. UMyUUW) namo,.,,.. ..................... Japan (lriornoll leland, R~wu lllancla....... .. .... do ......................... . 
~ laapatd ... FM ~n,Ja ~ ----1 lndle, lloulheaal Alla ............................ - ..... _ ... do ......................... . 
Cet. ma1t>11oc1 F.i., tnMmOl,i. .................................. ............ Nepal, Sou!Ae111 Alie, lncloneale ............... .. .... do ....................... .. 
Cet. P1ki111n MIid.......... F•lla m,,p,r,i. acMlf,I ...... ____ .. Paklllan ... - .............. : ......... -......................... • ..... do ........................ . 
Cet. Tammlnck'e l•QOldan cal) _ .. _ ......... F,Ma UiMMIIC.U .............................................. N11PII, Clllna. 6oull\a11t Alli, lncloneale ...... do ...................... .. 

Cliumalla). 
Cet. llget. _________ ..., FM ~ ................................ - ........... Coale Rice IO IIOllhefn Afgentine............... .. .... do __ _ 
Q\amoi1, ~ ~ om,,ta ......................... ltaJr .. ______ .............. -..... _ ... do ........ - .... - .•..•. 
CI\Mlah........... Aulotly,r ~/W ...................... - ................... Alllca to India ............................ ___ _, ...... do ................ _ .... . 
Clw,,peNM l'an ~, .................. ----· Weal and Canllll Alltca ................................ ...... do ___ _ 
~anz ... mnw ,..,. ~ ...... - ................. _ ................... z,i,e. .. .... do ___ _ 
Chinchlla ..... _ . OtinclwM ll<..alAditi. ~ .................. llolNia----·-·-· ................................. do .... __ _ 
Civel, Malabar i.,~apo11ed ..... -............ w..r. tMQ•lpill, ~~ ................... - .... Incite ........... _ ................................................. • ..... do ...... - ....... _ ..... .. 
Coct,llo C•Gult ol Calltoma hltbor po,· l'rlOOOMll .......................... ____ Malllco COutl ol Celltornia . ............................ ...... do ........... - ..... .. 

poia•I 
~. P,-.•1 ted-------1 ~ ,..,_,.pt..,.,i ........... - ................... Camll- .......... ___ ..................... ...... do ........................ . 
Coug11 . ... , ·- F.iia "°""""" ~ ........... _._ .............. Ea11111n Noflh An\eltca ........................ ·--·· ...... do ........... - .......... . 
0..,, 8aclllan C...... ~ ba&IIIM>,.a ............................ U.S.S.R., Atgllanletan .............. • ..... do ............... - .... .. 
o..,, ea ... en Mil< •C...W> po,r:n,, ..,,,,._ ... - ..... -. tndonalie ..... do----
o..,, 8aiblly C.-.... ~ ~•----- Molocco, Tunlal,. Algwla ..... do ....................... . 
0..,, Cedroe laland ,rue ~ ,w,mionu, ~.,_,,. ... _ ......... Maxlco (Cedroa llland) . .......... _ ... do .............. - ...... .. 
DMt, Columblan ...._laltad ~ ~ ..._ .................... U.S.A. (WA. ORI ... _ ... do -----1 
0.., Conlcan ,_. .. C.-.... ~ _.iun,,. .. Colllca. Slllinla ...... do ··-·-............ .. 
0..,, Ekfa brow-..-..a .. C.-.... .id .... ________ lnclia 10 SoutllMal Alla ...... do. ___ _ 
0..,, fOffllOMl'I ..,_ C..-'lff'M ~ ----- TaJ,o,an .. - .............. _ ...... _.... . .... AD•------1 
0.., IIDQ .. - ... Arla ( • C...Wl ~ -........... Thallan4, lndochlne ........ _..... • .... do ........ - ............. . 
0-, key. ~ ~ clo....,. ___ .., U.S.A. Cfl..) ____ .................................. do .. -----1 
0..,, mwah si.,-..a dicJ>olotnua.__ ___ Algenllna, IJNguay, . Pwaguay, llolvla. ...... do.·-----1 

8,uil. • 
0.., M<NelM"t----·----J c.,.,.....,.,. IIIMnMI-~--~ China CSlnklanQ. TlbeQ _____ ......, ...... do ___ _ 
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" NA NA 
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Specie1 

Common name 

°"'· ...... k .......... ..... ...................................... . Uotdtu• tpp . ... epecie•I- ----· c.ni.a1 and EHi Alla ..... ................. ·-···· .. . 

Deer. Nor111 China .................... ........ ......... . C.- "A'O" ~ ···-····················· China IShanlung and Chlhl PrOlllncetJ ..... . 
o .. ,. pampH ........................ _ ___ <>.ro,-01 bu0Mlia4 ........................... .... . Btul. Argenllna. I.Jruguar. BolMa. Pat• 

eua,. . . °"'· p.,,,.., 1...,_ ···-- -----1 a.- danw ,,,......,,.,,,.,. ........................... Iraq, Iran .• , ........ : ..•....•..... _ ____ ....., 

Alghanlalan. 
Btutan. Burma, 
China (Tl>e~ 
Yunnan). lndla, 
fkpal. Paklltan, 

.Sikkim. 
Entire ..•. ___ _..... 
- ··do•- ---.. ~ 

Dear. Phllipplnl ................ ........... ................... . "'- < • C.-,.,,1 ~ u,.,,.,_lit..... Phllipplne1 (Celamlan lalandll ........... --.... • .... do ..... - ...... - ..... . 
Dear. R,uk,u allla ........................................... C...... njJ>M l""'""'•···· .. ····· ...................... Japan IA,.,.ru laland•I••··.... ............ ............ .. •... do.-----1 
l>Hr. Shenol elka............................................ C..... 1'"""' 11'•~ ............................. China (Shanol PrO\llncel...... . ..... do ...................... . 
Dear. Soulll China ollia ................................ .. C...... IIR?M Aop•chl·····---- SoulNrn China ............. . ...•... a~ ,.._. _ __ ---I o-. owamp (-b•••llnQha) ......................... C........,.._..c., ............................................. India. Nepal ................. _ ___ _.a ~ ... .._ _ __ ---I 
l>Hr. Ya,hnd ............................................... .. C......~yarli~ ...................... China (Sinkiang) ..•••..••...•. _____ ..., ...... do ... ·--- -1 
llhole ( • Alllellc wtld dog)............................. Qo1 • .,..,.,........................................ ........... U.S.S.A .• l<orM. China. India. lou!Mall .aa. ~-----i 

Alll1. 
llibblw ·················-----················· Anl..:n1114 .,ic.b Au1lralla .................................................... _ 
Dog. Alllcan ••tlcL ......................................... L)'Cl(ltl piclUI ···------- ··· Sub·Saharan Alllca ...... ·-------1 ..... do ......... _ . ........ . 
llril ............................................ ....................... P/1/)io lwr:oplla- .•.• .... . EqualorW WHI Altice........... . .•.. do- - - - -1 
Dugo,19 ....... ............. ........ .................. ............. .. ~ "-'PM••· EHi All1ca 10 IOUlharn Japlll, lnwclng .... do 

U.S.A. (TN•I Twrltone,1. 
Dulkw. Jentlnk•a .............................................. ~J-IIIIMI.----- - ····· Siena Leone. Ube<ta. lw>ry CoHI ···-···· ........... udou...----
Eland. WHlern glMI ........... ..... .. ............. ....... r•IIOt:•(IUI..,,...,,.,. .................... Senegal lo lw>ry Coaat ................................. .. ... do .. ___ _ 
Elephant. Alleen............................................. Larocblr. •lhica,,. ....................................... Alrlca ·········.... .................................................. . ..... do•- ----1 
Elephenl. Alien ............• ............................. ... ElrlpN• ,......,.,. .................... ·- ---·· Soulh-c..,lral and Soullleell Alie ........... ... .. .... ado0----
Fen1l bleck•lootld .........•.••.................•.•...•... Mwr.la nlvfw••········ ... · ........ _ ................. WHle<n U.S.A., Wulern Ceneda ..................... do ..... ........ _ ...... . 
Fo1. Nor1h1<n ewill ......... .......... ... ................... V.,.,., ,.1p• "-"-9 ............ - ........................ U.S.A. (norlhem pleln1I. Canada ................ Canada ..................... . 
Fo1. Sen Joequln U ............................... .... .... v.,.,., maaotil mutica,_ _ __ U.S.A. (CA) ....................... -------1 Entire ................ . _ .... . 
Fo1. Slnw"··············· .. ········•· ··························· c..,,i, l~I -,,,Ja .. _ _ _ __ Elhlopla ............ ........ ..... .................... - ..... . 
Guelle. C•er1<·1 (•llibelag) ........ .... .............. ~•clan..i... Somalia, Ellllopla ........ _ _ _ _ ...... do .................. • .... . 
Gu, ... eu.tar'• ······---- Guele C&Mlrl •....••.• .••. •.••• - ....... ................... Morocco, Algena. Tunlllle _ ____ .., ...... do ............. ......... . 
Genlle. Mhon ................................... ... .... ....... Guella cum, mhotr.... Morocco ...... ... :................... .. ••.. do ...................... . 
Gull• . Moroccen t-Dorcaaj ...................... Guele """'°' ,,.,.,. • .,..,____ M0<occo. Algena. Tunlala ..... . .... . do ....................... . 
Geu ... Alo di O.o Dama.......................... . Guer. cum, #tueno/,_____ w .. 1ern S11N1e ............................ ................ . .... . do ...................... . 
Gu, ... Arabian ............................................. Gu.ii. i,ez•"- ····· ··· ... · .. Areblan p,....-_ PelH-. Sinai ....... ..... ...... do .... - .............. .. 
G11, ... .. nd ..... .......•..........•.......... ................. Gu,,. ~ ,,..,.,. • • - ................. Jordan, Areblan Penlnaula .................. ........ ....... adoo_ _ _ _ 
G11, ... Saudi A,ablan .................................. G.,..,_ """"• ,.idra••-----········· larael, Iraq, Jorden. 8)'111. Arabian Penn- •.• . do ............... - .• .•. 

eula. 
O11,ne. PetIetn·e ............................................ Gan,."""'°'~··-----· Somalla____ ····•··-· .. ·-··--.. . 
Ouelle, alendar·homed ( • Rhlml ....... ..•..... . Guell• '-f>loc«r>• .............. ... -..................... Suden. Egypt. Algeria. ll,ye _ _ __ .. -··do······-·-········ 
Gibbon1 ................... ....... ..... .. ........ .......... ~let app. tlncludlng /,lo,na1CW) •...... .. China.~ ~11 Aala ..... do _ ___ _. 

Illa· ... 
I 

T 

Ooal, ""'4 I • CNllan markhof) •. .. ·· ..... ....... , c.p,a •~ C -ta'""'-d ~-Mlel. , Boulliwtatem Alla ... . 

Oorel .. .. ...... .. ... . .... N,-ff'tftrh,.~,.,. ... ,... , ... .. • 

-··-·· .. 1 Dillan Ranee of _,_ .... 
Pekltlln. I I I 

II 

IO NA 
II NA 

a NA 
II NA 
IO NA 
60 NA 
60 NA 
I NA 

IO NA 
a NA 

4 NA 
131 NA 
II NA 
4 NA 

IO NA 
IO NA 
40 NA 
II NA 

I, I NA 
I NA 
I NA 

IO NA 
a NA 
a NA 
I NA 
I NA 
I NA 

60 NA 
60 NA 
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IO NA 
a NA 

a. 11 NA 

"I NA I 

NA 
NA 
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NA 
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NA 
NA 
NA 
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Goat, ...ica C•CNllal'I ~) ...................... c:.p,, lafl'(INI C •Mll»Mtl ~) .. .,._.Item Mia ..... _____ _ CNllallRaneeol 
•eet-unllal 
Paalltan. 

G01al ......... - •• ··-----........ - ..... ~morlul«A4 go,a/ _______ .. Eaat Alla ......................................................... Enlile-----1 
G01111t ................ Gotili. ~ .................................................... Centtll encl WHte<n Alnca-----1-.... ""------1 
Guadalupe M NII ................ JkloC~ _,_,., ...... ____ U.S.A. tfatalon Iolande al CAl 1D1A11 to ........ do.._ ____ ,. 

Mexico C11le1 Revi111gige<lo). 
Hile. 1\11pld .............. .. _ _ __ ................ C.,,,01111<" hJ,pldA ....................................... India, Nepal. Bhutan ............................................. do .. •----• 
HlllobHtl &wayn1'1 .. _ .................... - ....... ~~ l>uH/4j>INA ,.,,,,,,. ....... - ......... Elhlopla, Somalia ............ - ... ____ _,. ...... do·-----1 
H111ebH1t. T01•------........ Alcai.p!W "'4•,._,,..,. mr• ... ____ Elhlopla. ludan. EQYl)I .. _____ _, ...... ""------1 
Hog. PYIIIIIV--------·- S.,a M/tlM>1U1 .......... -------• lndla• Nepal. Bhutan, &lllklm ............................... ""------1 
HotH. Pnewllllll'1 .. - ....... _____ Equu, pn•w•Wu. ............. ____ Mongob, China ............................................. .. .... do ... - ................ .. 
Hoomul. Ho<th .ANM111 ....... - .... -_........... ~/W •n~..,,,. ............................... Ecuaclof, p.,,., CNle, lloltwla, Argentina ...... .. .... do ................ __ .. . ...._mul. Soutll ANMen ...... ____ .. ~ - ......... ____ .. c:Nt., Atgentlna----· .. ··................. .. ... . do ................... - .. . 
Hutia. Cabte,1'1--------.. c..,p..,my. M>Q~al ..... ___ ........ c..oa ...... -.-· ... - ................ ____ ...... do ................ _. 
Hutia, OW•,. ~ya Ill/Ml ............................................... ...... do _____ ......................................... do-----·i 
Hutia. 1at11....,ed--.....----- c..,p..,my. 1111114 ...... -------· ...... do_____ ----- ...... do ..................... .. 
Hu .... lmla Nllh---------1 c..,p..,my. uni•~ .... ____ ...... do·-----............ -................... .. .... do ..................... _. 
H),MII. Ban>art ... - ... - ... ------iHy•.,.. hr•.,..~. Motocco, Algene. Tunlala-----.. ...... clo·-----1 
H,MII. bt0Wft---------1Hy•- ,.,.,._,.____ Soutl\em Alllca----- ...... do.-----t 
lbe•. f'vreneat1 --------·• c..p,, p,-..Jc4 ~ -----.. Spain ..... ______ -----~ ...... do·-----1 
lbe-. Wala ..... - ... ·--------1 c,p,r, ,.,,. ....................... ~---- EINopla ____ -----1 ...... do .............. __ ... 
lq)ala, black-laud . A~rc-,o, -i,ny,u, pa/Mal .............. _ ....... Namibia. Angola ............................................. .. .... do.- .... -•--· 
lndri·------•------1 ttdti h1rl t•-e aellUII----... Mal1gHy Republc l•M1dagaM:"1 ................... do ........................ . 
Jagua, .. _______ ................ .. P1nlhlnl """-1 ...................... ____ ... U.S.A. {TX. NM. AZ), C. encl S. NMllca ..... Mallico .oulllwlld ... . 
J111IWll"dl------.. ---· F• J'~ uaomifl·----· U.S.A. (TX), Mexico ........... _____ Enllfe-----1 
Jaguarundl.----------1 F•., yagot,MIM>tl ...,.,. ....... ----1 Mallico, Nlc11egua .................. ____ ........... - ------1 
.i.gua,uni1 ----·----- F•q y11got,Mound ~ ............ -.... Nicalagua. Colla Rica. P-............... -~-------1 
Jegua,undlc.-________ .. F•"' y1got,M-.dl IOM«<I ................... _ ..... U.S.A. (AZ). Maldco ............ _____ .... ""-.-----1 
Kang1100, ... 1em ll'•Y·-----.. 1 IMcr""'4 fliQllnt- (al l&lbapeclat Auelrtlla .... -----------1 ...... c1o.._ ____ ,. 

except ,.,,,,.,...,,..,. 

l(eng1100, red.-................... ·------1.&uaopu. UI~) ""'9 ........ --... ~ ...... do-------------1 -... ------.. 
1Ceng1100, Ttamenlan 1o1 .. tar '41aopw f/V,,,I...., 11~ ..... --..... Auellalle IT.-.lal---- ...... do .......... - - .. ·-·· 
IC1ng1100, -tam g,ey ... ltuaop<A Mfllno..,. ........... ___ ........ Ault111la ____ ........................ - ............. -.""'-----1 
ICouptay ............... Bo, uw-, .......... _____ ................ Vlelnam, laol. Cambodia, Thailand ................... do .......... - .... - .. . 
Langur, cawed .. - ................ - ................ - .... Pr•sbyw p,i,,11. ________ . India, llunna. BangladHl'I ...................... -.... .. .... clo.-----i 
Langu,.1111e111,a.. Presbylil Ml/.i/W _______ ...... CNna (Tillel). India. Pulatan, l<aalld, ...... ...._ .... ____ -! 

&<I u,.._ 6IWm. Bengladetll. 
lengu,. Douc------................. /'wl,lhttlt- ....... _ .... ____ .... ~ • • 1.ao1. Vlelnllft. _____ ...... do. ____ _,. 
langur. Frencoll' .. ------- l'r•u,yw trMICOUJ .... : ... __ .. ____ .. CNna (Kwengll). ~ ........ _ ... _ ... __ ...... do ............. _ .. _ .. 
llngu,. golde<I .................... ____ ... Prelb,-W f/HI .......... ______ .. India (Aaaaml. lll'lulan................................. .. .... do-----1 
Langur. lonQ-tued ·---- ................. PrelbyN />OIMIDMW........................................ lndonellla ..... - - ... - ................ _ ·- .. ""uu..-----1 
langur, Ptgl laland ......................................... ~uh I.S,miu) ~ ............................. ...... do·-- --· _ ... do .............. - .... ·-
La,,g..-, pu,pi.laeed. ...................................... Prut,yw - ........ _____ SIi Lant.a{•~ ...... _.. . ..... do·------1 
Langur, Tonkin IIIIUl>-noaed.----· /'wl,IMr C~l 1..-ie:uw .... _ .... Voe1111111 ...... do•------1 
Ledl .... led-·---- ·-----• Kobua ~ ......... ---.. --...... _ .. _ ... 6oulhe,n Alrica ...... c1o ____ .,. 

I ti 

I 11 
I 3 
T au 

II 
3. 60 

60 
3 

11 
II 
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lll3 
233 
233 
au 

3 
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I 3 
E 3 
E 3 
E 3 
E I 
E ,, 
E II 
E 15 
E 11 
T 1 

1 1 
E I 
T 1 
E 3 
E II 
I ,, 
E 3 
I II 
E II 
T II 
E 3 
T II 
T II 
T a. u. 

IOI 

.} 

' NA HA 

~ 
NA NA :::n 
NA NA • :r 
NA aa1.11 

Q 
:I 

NA HA L 
NA NA 

~ NA NA 
NA NA §; 
NA NA 
NA NA ;: 
NA NA 

"' N>. HA • NA HA } NA NA 
NA NA • ;-NA NA .. 
NA NA • NA NA :J. 
NA NA ' NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
HA NA 
NA IJ.40(e) 

NA l7.40(el 
NA N,. 
NA 11.40(e) 
NA NA 
NA NA 
NA NA 

N,_ NA 
HA NA 
NA NA 
NA l7.40(c) 
N,. NA 
NA 11.40(c) 
NA l7.40(c) -NA NA -:-. --



Specie• 

Common111me 

Lemur, ... • ........................................................ . 

Leopa,d .... ____ ............................. .. 

lemuiidae jlnd a..irog11eidae. leple, 

murtdHI; •• --· ol l)eNI• 
t.mi.r, ,,,,.,..,. H4jMt,mi.r, L~ 
1,1,aoc.,,.,,_ Al~'-, Chwofl•'
VM«;.. 

P,nlh«• PMdW ........................................... .. 

Veneblal• 
H1tonc range populallon where 

-.ng.,wo, 
lvlllaned 

M1lagaoy Rapubllc ( • M.clag1Ka,) ............. ...... do .... 

Alfk:a. A,.11111,._ ____ ........................ - .... WN<ev• found, 
••cllpl where I 
II laled •• 
TlvHlenedll 
... lor1h b910w. 

Do ................................................................... do ........................... ......... .................................. do .... ____ _ ----1 In Alnca, In Ille 
Mid. aoulh ol, 
Ind lnciuclng. 
1he lollowlng 
counlll<la: 
Gabon, CongO. 
Zaire, Uganda, 
l<eny1. 

hopard. clouded ............................................ Ntlofei• ~ ............... Soulhaall and aoullH:enlral Alla. Taiwan .. Enllr1 .. ___ _ 
leopard. anow ................................................. P.,,lht,,a l#IC:Je ............................ - ......... - ... Cenkal Alie ........................................................... do ...................... _ 
llnNna, aponed.............................................. Prionodoll ,,.nllcolol ...................................... Nopll. Au&m, 1/laln&m, Camboda, Laoa. ...... de,. ____ .., 

llurme. 
lion, Aaiallc ..................................................... p.,,lfw, i.t,f»<sic:, ............ . _ .. _ ................ Turt.ey lo lndla ................. ____ ...... ...... do ......................... . 
l0fl1, le11w llow ........................................... . Nyctictlbu• PWfN.u• .................................... lndochlne ..... -... .. .... do ......................... . 
Lyn•. Sp1ni111 .................................................. F'•b C .t,..., ,-din,---- Spain. Ponugll ......... ... .. .... do ........... _ .......... . 
Moc1Q1M. formo11111 rocll ............... ....... ....... . U.c,c, ')\'~ ........................... - ................ Taiwan ..... _ ............ _ ............................................ do ....................... .. 
M1ceque, Jap1net1 ....................................... 41,c,c, Alsc,t, ........................... -............... Jop1n (Shikoku, Kwuahu Ind Honlhu la- ...... do ........................ .. 

MICIQIM. lorl•l•MN ........ .. ............................ .. 
landa). · . 

Al,c,c, ~ ............................................... lndla ................ - ................................................... do ... ·-----1 
M1c1qu4, llump·ll~ed ........................... ....... . A/4c,c, 1rclo/r»,. _______ India (A1t1m) lo~ China ........................ do ......................... . 
M1caqua. Toque ............................................ . 41,c,c, ..-,.;c,.................................................. Sri Llnlla I• Clytonl ...................................... .. .... do ....................... .. 
M1n1tH, Amuont1n .................................... .. rr1t:lwcM fnun(/<•I• ........................................ Soulh Amerlcl (Amuon Rlvw B1alnl ......... .. .... do ....................... .. 
M1111IH, W111 Al1lc1n .................................. . rr1t:h«hu1 ~i.nt1• ............................... . Well Co111 ol Ahlca ltom S.n111II Riv• ...... do ........................ .. 

lo Cull'II Riv•. 
W-IN. Wul Indian (Fbld1t..................... rrlch«:tlul ,,..,,.,.,_ ....................................... U.S.A. (aoutheuleml, Caribbean s... .. .... do ....................... .. 

South America. 
M1ndol ............................ -.............................. P,v,Jo ,phitvr .................................................. . Equatorial W11I Altlca .......................................... do .... ·----1 
Mang1bey. T1111 Riv• ................................... c.rcoc.1,ua 111t,ritu1 .................................... .. Keny• .. •·----................................ - ... . ..... do ...................... ... . 
M1ng11>ey, whll•·~ed .............................. ~ _,._1111 ................................... . Sene911 lo Ghana; Nigeria lo Gabon .......... .. .... do ........................ .. 
Margay .............................................. ............... F,w wi«li/ .................................................... .. U.S.A. (TX), C. Ind S. America..................... Me•lco IOUlhwwd .. .. 
M11khor, K11>11... .. ____ ~ f1icon,,/ ""f1•CMN ...... _ ................. . Algllanl1l111, P"'11lln ... ....... ........................... Enllra ..... ......... ........... . 
M1rt,hor. llrllghl·horned ................................ ~ t,t,;on«t ,.,.,,,,,. .................................. . ...... do ..... ............................................ .................... do ........................ . 
MarmoMl buN•hladed ......... ____ .... Callilhrlx "'""'"¥'• ......................................... . llrad .. ______ ........................... ...... do .. ---~ 

Ila· wi-... h ied 

E a. 11 

E 3. I , 114 

T 3, I , 114 

E I , 11 
E I 
E II 

E 3 
T II 
E 3 

' 
,. 

T II 

E 3 
T " T 11 
E I 

' II 

E 1, I 

E 11 
E 3 
E ,. 
E I 
E 11 
E 15 
E 131 

i I 

Qlllcal lpotelal 
llabllal .... 

HA HA 

HA HA 

HA 17.40(11 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

HA 
NA 
NA 
NA 
HA 

17.85(1) 

NA 
HA 
NA 
HA 
NA 
HA 
HA 

HA 
NA 
NA 

NA 
t7.40lcl 

NA 
17.401c) 
t7.40(cl 

HA 
tJ.40(CI 
l7.40(cj 

NA 
NA 

HA 

NA 
NA 
NA 
NA 
NA 
NA 
HA 

HA 
NA 
HA 
~" 

IOI -:"' -· -

l!: 
Q ,. 
p 
...... .... 
p .... 

= m 
D. : 
0 :a ...... 



M11mo111. bulfy IUllod·Ht-----· C.IIJ//lnl ~ .-.••....•....••.................. ...... 00 .......................•....•.........•..••..• .. ·-·-·· _ .. 00•----·· 
M11mo11~ COCIOft-lllp ..... . ----····· S.~ _,,,.., .......................................... Co11a Rica lo Colombla ...... .. ..... ........ ·-···· •.•.. ~ ....•• .•..•.•.••.. ..... 
M11moat1. GON11•1 ......... - ---········· C.himico fl(Hklil ............................................ Btu•. Cdolnbla. Ea.adat. p.,.._ llolMe .... , ..•. . do .•. ·-···-···· .. ···· 
M11mo1. VII\COIN• 111111d ....... .................... t,,g,mou, ,.,,.,.,.,.,.,.,,-, ............................... Canaaa l\'IIICOIN., 111anc11 ................................ do .. , ___ _ 
M11oup,&1. 1u1am jllboa ----•····· Alll.c/linomy9 ,.,..,., .........•••.•.••............•..... Au1111la ·······•························-· ··· ····•··•···- - ... do ........ _._ ........ . 
M111upill•moull. WIii CMlllt .. .................. Sminthop$Ja pM~ ......... ......... ........... • . .... do ......................................................... . ..... do ....•.•...•..•....... 

~~==:~~~~::::::::::: =~~~·:::::::::::::::::::::::: ~·=~=~~··,~~~~·::~::~~:. :::::: :::::::::=:::::::::: 
Congo, eam.,-,, Gabon. 

l,lonlley, bladl llowlef A.,.,.n. w••······ ... ···----···· .... · Ma•lco, Ouallmala, Ballla ..... ____ ..•.. do .... _ ............... . 
Monk•r 0.ana ................ C.,cq,M«ul """'····----·•· ........ Coallal WHI Alllca.................................... . ..... do ..................... . 

. Monll•r. r-tw .uu...n. ,,.liialll C-•fll>Nl-----' M•alco lo lioulll Amlnca ......................... ..... ... IIO .••• - ............... . 
Monker. L·t>oeata.... .......... ~ -•························· .. ··•····· Uppe, E11111n Coneo Baaln. Cam11oon .... .. .... do .••• - . ......... ... . 
Monller, Preuu' ,.,. COIOt>ul ••.•.•••• -....... Coiooi4 t,a,;,,a p,-,J ............................ ... C1m11oon .. ... ·--------- ~ ...... do ........................ . 
Monller. p,oooacia................ . Nauli, MtV•tu, ............................................. Bo,,- . _______ ............................... do ............. ........... . 
Mont<er. rllt•bet~ICI lqUWfel s.lmn DMll«J/1............................ ................ Co1la Rica, Pllllffil,_______ ...... do ___ _ 
Monlier, 1..S·bllllllt .. C¥cop/lh«u, ~•- ..................... WHllffl NIQllla ............ ______ ••.... do-----1 
Monller. ,111 .. 11ed _.epotwd .....•. - .. .... Ca/&ap1lh«:U1 ~ ------1 N,g•la. Came,oon, Famandg Pci - · ··· -·· ...... do-----1 
Monllar. apkJw ......... Al•kl• fl"Oltroti tonu1u1...... ...................... Coala RJca. Ntc111gua .... ------1 ...... do ...... ................. . 
Mona er. apidw ............................................... A1,Ao, (l«)lfrott ,,.,..,,..,........................... eo ... RJca. Panama, ______ ....., ••.••. do.·--········ .... .. . 
Monllar, Tena ftNW .... COlobua. .• - ............ Col>bue Nlomill•IUI ( •N<lll4) tufomi. Kanya .................................................................. do ... ; ..................... . 

lla/&4. 
Mon1<er, woo11y apicMr..... Bradlyt•• .,M:/JIIOlt;»•····---- Btw ........... ---------· ...... do ............... ........ . 
Montier, r-·lailed woolly b(IOlhtbt ••<C&de ............... c....................... Andee ol -"'-tn p.,., ............................... . ..... do ....................... . 
Monl<er. 21Nibat rid colobua ............... ..... ~ kiri/ .................................... -.......... Tanzania---- ------··· ...... do .. --............... . 
Mousa. Alabama beach ............... .............. PMOm,-.c,4 po/jonolu, atM>ONl•1............ U.S.A. (Al.)----·············.................... . ..... do .......... .............. . 
Mou11, Auallalian 11,1u-.,1.............................. Zyz0fl'IY9 ( •No/omyll ~IUI.......... Auallalla ......... ...... - ........................ -......... ""------t 
Mou11, Au11111ian ,.....,,. Notomy9 aquik, ....................... .......... .... .......... do------ ···························· ...... do ... ·-················· 
Maull, Cllocllwlll~ beedl •.•• .....• -.. ,..,~ polionoM a/loplllya ··-····· .. •··· U.S.A. CFL>-----························· ...... do .................... . 
Mou11. f-"1•1....... PNudomys '1,t6 .............. _____ ..., Au1llda--- --- ----·~ ······""------1 
Mou11. Gould'• ............ Puudomy1 gouUI ..... ----- - -• ...... do . ............... _., .......... ·-----t ..... do ........................ . 
Mou11, Kay L11QO conan ............................ Ptlt~ IJOun>Jnul abpalicola ..•.• , .•.. U.S.A. (fll-----........................ ...... do ....................... . 

Moua,. N- Holland ....••..•.... ___ .....i PHudotny9 ttOt11ahollllndlll•················· ...... Au111ala ----------···· ······• ··- .. ··········•· 
Mou11. Pa,dldo Ker beach................... l'womy9cua po/ionDlw INiy..,_ ····-··.... U.S.A. (AL. Fll--------·~ ····• ····-··········· .. ···· 
Mou11. Ilk manh hll\.111----.....i Rllilhtodonlomy• ra•lvenllu ..... .................. U.S .A. (CA)---------·~ .. _.do. - . .. - ..... .. 
Maull, Sha,. B, y _______ .., Puudomyl P,l«ofMI ............................... Au111a11a __________ ..... , ..... _ ____ .... 
Mou11. Shorlridge·e ........ _ ___ _ ~ l/lo(llq/M .................. ....................... do ............................................................ ........ do ...................... . 
Maull. Smol.y ....................... •-----1 l'Hudomy• A.,n-, ........................................ ...... do ....... ____ ,. ............. ................. • .... do ............ •-•••••••• 
Moull. WIIIIIR ................ ------1 l'a..udomy, """°"""'a............................... . ..... do ..... ... .......... - ................................ _ .. .._.do .. --............ _ 
Munljac. f••·•- ---------1 """11iac:ur ,.................................................. Nor1hooln Tllllland, Burma ------t ..... do ... - ... ········-·· 
NalN.-<:a~ 111111n. .................. ----1Du,,..... .,.,.,,,,.,.,. ....................................... Aulllalla ............. _ ..•.••• ------- ....... do--.-----1 
Nurnbal ............ _________ -1~ ,.,dl,w .......•...•........................... do .......... ·--- -------~ _ ... do·-----1 
Ocelot ........................... _____ , F•b JU,tft.u ... .......... ..........•... :............ ........... U.S .A. (AZ, TX) to C. 111d S. Amlllca ......... • .... do .......... ............. . 
Ooangulan ................... ·------~ ~'II'> PY/JIN- .......................................... 101,-. Sumatra .............. _____ ....... do..._ ___ _ 
Oor-, NabW> ................. .. - ........................... O)'ll ~ .......... ........................................ Nlblan PalW\IUla ........................................... do ...................... . 
0111<. c.m.,,oon cla•IIN------' A°"""IP•ra.,,,,,.,l '"""'"~ ........... c.i-QOR, Nigeria .•.. ______ ..., -··-..__ ____ __. 
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REFERENCE 20 

Hanford Reservation Area Workers Census, BNWL-2298, July 1977 
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TABLE 1. Concentration of Hanford Reservation Workers 
by Site 

Number of Percent 
Site Workers of Total 

100 760 5 
200 E&W 2,355 16 
WPPSS 1#1 ,2 ,&4 2,905 20 
FFTF 2,420 16 
300 3, 11 o 21 
Sattel le, et al. 3,345 22 

TOTAL 14,895 100 

1.-lhile the worker counts being reported by Reserntion employers are usually 

shown concentrated around a designated site, in reality a substantial portion 

of these workers are likely to be distributed over the surrounding ~rea. Far 
convenience, however, they are credited to such particular sites as 200 East, 
200 West, WPPSS 1, 2, & 4, etc. 

-rdentification of shift workers posed some reporting difficulties since 
some firms run four shifts while most of the others conduct their operations 
in three. The 100 Area was a special problem since these workers operate over 

a wide area. Regardless, all workers have been accounted for in this census 

although some of the shift counts may be approximate. 

DISTRIBUTION OF WORKERS BY RADII ANO COMPASS DIRECTION 

Figure 2 maps the distribution of Hanford Reservation workers by work shift 
aver intervals of one-mile radii and 16 compass directions centered at the Purex 
Plant. These same worker distributions are repeated in Figure 3 without the 
maped Reservation Area as a background. As a tabulating convenience, sector 
parcel counts have been· rounded to uni ts of 5 and 10, but were adjusted to the 
total count for the separate companies. (Because of confidentiality, worker _ 
counts for the separate companies are not being presented here.) For better 
readability, sector counts within the first two mile radii from the Purex Plar.t 
center are presented separately at th~ bottom of the figure. Table 2 presents 
work distribution in detail including a cumulative count of workers and percent 
of total as distanc~ and direction from ~he Purex Plant center increases. 

3 
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REFERENCE 21 

Memo to file from WS Weygandt regarding Personal 

Communication with R. B. Hall concerning the 312 

River Water Intake for 300 Area, August 13, 1987 

I . 



()Battene 

Data 

To 

From 

Subject 

Pacific Northwest Laboratories 

August 13, 1987 

File 

W. s. Weygandt 4Abf// 

312 Water Intake 

Project Number ----

Internal Ois1ributlon 

File/LB 

A telephone conversation with R. B. Hall of WHC revealed that the 300 Area 
gets all of its water from the Columbia River through the 312 intake. The 
300 Area is connected to the Richland city water supply, but this is only 

......a. used during emergencies. 
co 
co 
c::) 

~ WSW:cs -



REFERENCE 22 

Letter From RO Stenner to OM Bennett Regarding Ground Water Contaminant 
Plumes in the 100 Area, 200 Area and 300 Area, October 14, 1987 

Note: Only the attachments for the 300 Area are included here since 
the 100 Area and 200 Area attachments are not applicable. 

I, 



..... 

-

-·., ..... 

Csanene 
~ ·. Pacific Nonhwest L~boratories 

P.O. Bo• 999 
Richbnd, Wuhington U.S.A. 99352 
Telephone (5091 

October 14, 1987 Tele• 1s-2a1• 

Mr. O. M. Bennett 
U.S. Environmental Protection Agency 
Region X 
Superfund Program 
1200 6th Avenue 
Seattle, WA 98101 

Dear Dave: 

Enclosed are the three descriptions of the 100 Area, 200 Ar~a and 300 Area 
ground water contaminant plumes we discussed on the telephone yesterday. I 
have included some attached figures and maps to help show the independency of 
the detected ground water contamination in each of the three aggregate areas. 

If there are any questions regarding the descriptions, please contact me at 
509-375-2916. 

Sincerely, 

R.D. Stenner, Sr. Research Engr. 
Earth and Environmental Sciences Center 
GEOSCIENCES DEPARTMENT 

ROS:th 

l 
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• I 

300 Area Ground Water Contamination 

The ground water uranium plume from the 300 Area is a discrete plume 
determined as the result of several years of ground water monitoring. The 
attached map shows the extent of the defined plume. As can be seen from the 
map the uranium plume is a small isolated ground water plume located at the 
300 Area . Upstream samples of the surface water show that the contamination 
detected downstream are attributable to activity in the 300 Area. The 300 
Area uranium plume enters the river between river mile 42 and river mile 43.8 
as shown in the document PNL-5289 (Reference 14} . 
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FIGURE ·6. Locations and Analytical Results for Spring and River Samples -
River Mile 41.5 through River Mile 44 
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REFERENCE 23 

Memo to file regarding recreational use of the 

Columbia River from DR Sherwood, August 26, 1987 
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()Battene 

Pacific Northwest Laboratories 

ProjectNumber ______ _ 

lntemal Distribution 

O.ice August 26, 1987 

IWSS Files C-n/ 
DR Sherwood /7 )/4, 

KH Cramer 
RD Stenner 
File/LB 

To 

From 

Subject Recreational Use of Hanford Reach 

The Hanford Reach of the Columbia River has many recreational uses. 
Sportsman•s access for fishing and waterfowl. big game, and upland bird 
hunting is provided at several locations. Access points to the Columbia 
River along the Hanford Reach are located at the old White Bluffs Ferry 
landing, the Ringold Hatchery, and Leslie Grove Park in Richland. I have 
fished ·for steel head and· salmon along the Hanford Reach since 1980. 

DRS/mgs 
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REFERENCE 24 

Letter From RO Stenner To DM Bennett Regarding Liquid Waste 

Sites and Burning Pits, October 26, 1987 
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()Battelle 
Pacific Northwest Laboratories 
P.O. Box 999 
Richlind . Wishirigton U.S.A. 99352 
Teiephone tS091 

October 26, 1987 Telex 15-2874 

D.M. Bennett 
EPA/NPL Coordinator 
EPA Superfur.d Program 
U.S. Environmental Protection Agency Region X 
1200 Sixth Ave. 
Seattle, Washington 98101 

Dear Dave: 

Per your telephone request, enclosed are the statements on liquid waste sites 
and burning pits. It is our understanding that you will incorporate them as 
references in the appropriate sections of the NPL packages and provide us 
with a finalized copy of the packages following completion of the MITRE Corp. 
review. 

If there are any questions regarding these statements, please don't hesitate 
to contact me at 509-375-2916. 

Sincerely, 

R.D. Stenner, Senior Research Engineer 
Environmental Pathways and Assessment Section 
Geosciences Department 
Earth and Environmental Sciences Center 

RDS:dar 

ENC,LOSURE 

bee: KH Cramer 
MS Hanson 
DA Lamar 
RM Mangin - DOE/RL 
TJ McLaughlin 
RG Schreckhise 
WB Schulze - DOE/RL 
DR Sherwood 
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100, 200, 300 Area Statement Regarding Liquid Wastes 

The general operating procedures for liquid waste sites in the 100, 200 and 
300 Areas were such that the waste constituents listed for each site generally 
entered the process lines and were mixed with each other prior to being disposed 
of at the site. This process mixing of these waste constituents occurred 
over the period of site operation. 
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Burning Pit Statement 

Due to the time period for which the burning pits operated, the nonhazardous 
combustible waste materials (i .e., paper products, cans, etc.) would have 
been mixed (i.e., mixed together in the garbage truck or waste container) 
with the hazardous waste materials (i.e., paints, solvents, etc.) prior to 
the waste mixture being disposed of at the site. 
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Waste Management Operations, Hanford Reservation, ERDA-1538, December 1975 
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• Trilateration measurements are perfonned between 17 benchmarks to measure crustal 
motion. The initial base data were developed J years ago, with additional measu~ 
ments at 6 months, 12 months, .1nd 36 months from that time. 

• Tiltmeters are installed at three locations on the Hanford Reservation. These pieces 
of equipment provide continuous geographic coverage of crustal motion. The output is 
telemetered to Menlo Park for interpretation. 

Figure II.3-9 shows the active earthquake zones in Washington deduced from earthquake activity. 
East of the Cascades the trends are largely north-south, parallel to the Cascades, and divide 
the state into separate geographical. structural and tectonic provinces. 

In eastern Washington, clearcut relationships of epicenters to specific surface faults or 
structures capable of faulting are rn>t yet recognized. The suggested low rate of tectonic 
defonnation for more than 10 million years 19 does not indicate any cause for concern. Huch of 
the stress resulting from the continuing low rate of tectonic deformation appears to be dissi
pated from random epicenters along joints and bedding planes. 

On the asslllll)tion that an "4-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 Hanford Reservation. 11 A design basis of 25% g on the Hanford Reservation thereby allows 
for an 1-IM-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 assures the maximum distance fr0111 
all hypothesized faults capable of earthquake generation. If, in addition, the Ringold Formation 
and Pasco Gravels are compact and uN1/L5turtled, the site is certain to pose few problems. An 
appreciable to high degree of conservatism appears present by acceptance of the MM-VIII quake 
(magnitude 6.8) and the resulting 25: g acceleration for facility design purposes. 

(a) ( ] II.3.8 Hydrolooy RPB, X.18, X.25 

II.J.8.1 Surface Water 

The surface water bodies located within the boundaries of the Hanford Reservation consis~ of the 
Columbia River, various ditches and ponds in and near the 200 Areas and three ponds located in 
the 300 Areas (Figure II.3-10). Two ephemeral streams, Cold and Dry Creeks, appear for a short 
time only after heavy rainfall or snownelt. The Yakima River borders part of the Reser,ation's 
southern boundary. 

II.J.8.1.1 Col!Jlllbia River 

The river reach from Priest Rapids Dam (river mile 397) to the head (approximately river mile 351) 
of the reservoir behind McNary Dam is the last free-flowing reach of the Columbia River within 
the United States. The main channel is braided around the island reaches, and submer<;ed rock 
ledges and gravel bars cause repeated pooling and channeling. The riverbed material is mobile, 
dependent on river velocities; it is typically sand, gravel, and rocks up to 8 fnches fn diameter. 
Small fractions of silts and clays are associated with the sands in areas of low velocity 
deposition, becoming more dominant approaching the upstream face of each river dam. 32 , 33 , 3~ 

The Columbia River fn this reach has widely varying flow rates due to regulation by the power 
producing Priest Rapids Da• just upstream (Figure [l.3-11). Flows during the suirmer, fall and 

.. winter vary from a low of 36,000 cubic feet per second (cfs) to as much as 160,000 cfs each day. 
The long-term annual average flow at Hanford is about 120,000 cfs, 3S but during low flow periods, 
daily flows average 80,000 to 90,000 cfs. The mean annual flow rate for 1972 at Hanford was 
159,500 cfs. In recent years, peak flows during the spring runoff have ranged from 160,000 to 
550,000 cfs; the maxi111111 flood peak of record is 693,000 cfs in 1948. 

The river width in the Hanford reach varies between 400 and 600 yards depending upon flow rate 
and position along the river. 36 The depth at the deepest part of the measured cross-sections 
varies approximately from 10 to 40 feet, with an average around 25 feet. Daily fluctuations in 
depth caused by Priest Rapids regulation can be as much as 10 fl!i!t above Vernita and 5 feet at 
Hanford. The maximum velocities measured vary from less than 3 feet per second (fps) to over 
11 fps, again depending upon the river cross-section and flow rate. 

(a} Appendix II.J-0 provides a more detailed description of the hydrology of the Hanford 
Reservation. In 1973 Atlantic Richfield Hanford Company authorized an independent reviN, 
recently completed, of the hydrology program • 

II.l-13 · .. , .. . 
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REFERENCE 26 

Geology and Hydrology of Radioactive Solid Waste Burial 

Grounds at the Hanford Reservation, Washington, 

USGS 1976 open file: 075-625 
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Dispersion brought about by such ground-water movement may account 

for the tritium in the ground water at the west end of Gable Butte. 

Although the tritium in the 200 Areas is not shown as being connected 

with the tritium north of Gable Butte and Gable Mountain, it is con

ceivable that tritium could move into this area by ground-wa~r flow 

around the west end of Gable Butte northward through the gap between 

Gable Butte and Gable Mountain. The Columbia River water that enters 

the ground is unlikely to be the source of the tritium concentrations 

that are mapped. The river water has a tritium concentration on the 

order of 2 pico curies per mililiter (pCi/m1) (Bramson and Corley, 

1972, p. 1}, whereas wells 699-72-88, -72-92-0, -72-98, which define 

the extent of tritium contamination at the east end of Gabl .e Butte have 

water with tritium concentrations of 20 to 30 pCi/mt (Kipp, 1973, p. 22}. 

Conditions at the Solid Waste Burial Grounds 

The burial grounds and o~er solicf waste storage sites can be 

divided into two categories: (1} those lying in the low terraces adjacent 

to the Columbia River mainly at the 100 Areas and the 300 Area, and (2} those 

lying on the high terrace south of Gable Mountain in the 200 Areas. The 

burial grounds in the first category are inactive except for 2 sites in 

the 100 F Area, one in the 100 K Area, and one in the 300 Area where mainly 

laboratory wastes are being buried, and the 100 N Area where fuel element 

spacers are stored. Most solid wastes are now being buried in the 200 Areas. 

The waste material contents (including radionuclide activity) of the 

burial grounds are not well known for alT burial grounds, because precise 
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by well number and were available to the project. Prior to 1967, 

the data are recorded on laboratory analytical reports by sample batches. 

Most of the monitoring data collected prior to 1957 had been placed in 

pennanent storage in a federal records repository at Seattle, Washington. 

None of these data in permanent storage was inspected. It proved imprac

tical to follow the monitoring history of mare than a few selected wells 

in detail through the period 1957 to the present because of the difficulty 

of extracting data for individual wells from the records. 

Some general observations can be made on the utility of the monitor

ing data with regard to the solid waste burial grounds. The monitoring 

wells on the Reservation were constructed with the intention of detecting 

movement of radionuclides from cribs, swamps or sumps, and other. liquid 

waste disposal•facilities. However, with the exception of 9 monitoring 
. . 

wells (designated by the prefi~ S6-E4) near the 300 North Burial Ground, 

where a crib is also located, the placement of a monitoring well near a 
I 

solid waste disposal site was only by happenstance, or the result of 

geographic proximity or superposition of solid and liquid waste disposal 

areas. Only about 5 wells (other than the S6-E4 and 200 Area wells) · are 

situated so as to intercept contaminants leached from the solid waste 

burial grounds. It appears, however, that any contaminants that may 

have been leached from solid waste burial facilities are masked by the 

contaminants from liquid waste disposal. 

At few wells was roonitoring carried through a long period of time 

for more than one chemical constituent or type of radioactive detennination. 
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The records are fragmentary apparently because multiple types of 

analyses were only conti_nued long enough to trace the passage of a 

particular plume of contaminants that was anticipated to pass a well. 

The number of analyses was reduced as the lev!l. of concentration of 

the contaminant decreased. Tritium content, beta activity, and nitrate 

concentration are the most conmonly analyzed characteristics or 

constituents. The detection limits of tritium and beta activity have 

varie~fover the years making comparisons within one record difficult. 

Tritium should be an indicator of liguid wastes from both r;actor a.,,d 

fuel reprocessing plants. Beta actjyjty may have either liquid or solid 
• 

wastes as the source. Alpha activity, which is only selectively analyzed -
near some cribs, may -be from either solid or liquid wastes. Nitrate in 

large concentrations is associated with liquid wastes, but i-s naturally 

present in the ground water in low concentrations. Some nitrate may 

also be pres.ent from agricultural fertilizers, used mainly prior to 

building of the Hanford Works. The spectrum of analytical data appears 

to be inadequate to define selectively the materials that may be 

leached from the burial grounds. 

100 B Area 

The 100 B Area, the most westerly of the reactor areas, is approxi

mately centered on Hanford coordinates N70,000 and WS0,000. It contains 

three burial grounds, one east of the 105-B reactor, one east of the 

105-C reactor, and in the southwestern part of the area (fig. 11). The 

burial ground east of the 105-C reactor ·is considere<l tenninated and 
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is monumented. The other two burial grounds are unused but as _of 

January 1973 were not officially considered tenninated. The locations 

shown for these latter two burial grounds are approximate within an 

error of about 50 feet. 

Surficial materials in the 100 B area are sand and coarse gravel 

and the burial grounds are backfilled with the same material. The 

two burial grounds east of the 105-B and 105-C reactors are on flat or 

gently sloping ground with no prominent surface dr~inage. 

At the burial ground in the southwestern part of the area, 

individual burials are marked by concr~te posts with brass identifica~ 

.tion plates. The general land slope is to the north. There are no 

prominent surface drainage features at or near the burial ground. A 

small area irrmediately north of the burial ground is 6-8 fe~t higher 

than the northern end of the burial ground. It is possible that runoff 

could accumulate on the surface at the north end of the burial ground 
I 

and infiltrate into the ground. 

Water-level data are insufficient to define the slope of the water 

table and the direction of ground-wat~r movement. Although the figure 8 

water-table shows no contours in this area, the approximate position 

of the 400-feet water contour is shown in figure 11. The regional 

dire<:tion of flow is generally toward the river in a northern or north

westerly dire<:tion. During times when the Columbia River is at high 

stage, bank storage entering the ground reverses the gradients and 

water flows away from the river. 
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The geologic units underlying the 100 B area along seetion F-F 

(fig. 12) are shown in figure 15. 

ihe burial grounds are 50 to 70 feet above _the water table, which 

lies within the glaciofluvial deposits as shown in figure -13. Except 

when the river is at high stages, it is probable that radionuclides 

carried downward to the water table by percolating soil water, would 

. move to the Columbia River through the penneable glacial deposits. 

The Yakima Basalt lies at altitudes of about 100 to 200 ~eet below sea 

level. There is a 500- to 600-foot thickness of Ringold sediments 

including the lowest "blue clay" zone between the glaciofluvial deposits 

and the Yakima Basalt. It is unlikely that radionuclides from the 

100 B Area burial ground~ would enter the basalt in the immediate area 

before being di scba cged to the Ca1 Prnbi a River. -
[Ground-water samples to monitor radionuclide concentrations were 

collected at wells 199-8-3-2 ~nd 199-8-4-4. At well 199-8-3-2, 4 water 

samples colleeted in 1956-57 showed Beta activity on the order of 103 

pCi/t, which probably was the detection limit at that time] A later 

series of samples beginning in 1967 and collected at intervals varying 

from monthly, quarterly, to semi-annually, with an 18-month period of 

no record during 1967-69, showed maximum concentrations of about 

5 x 103 pCi/t which declined during 1969 and 1970 to about 10-2 pCi/t. 

Several samples taken since 1962 contained 1 to 3 ppm nitrate. As this 

we}l is close to a crib and detention basins {lOi-B, 107-C), it is 

presumed that the radioactivity resulted from reactor cooling water 
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building. Segment G is south of the 105-0R building. The OR Gas 

Loop site south of the 105-0R building is also considered as a solid

waste burial by Karagianes (1972. fig. 14). 

Surface materials at all burial grounds in .the 100 0 area are sand 

and coarse gravel, containing cobbles, with a sparse -vegetation of 

weeds. ·Burial ground no. 1 is marked by monuments, and surface drainage 

is east and northeast to a swale southeast of the 105-0R building. 

Burial ground no. 2 is monumented. Its surface is smooth to gently 

rolling and has no prominent drainage features. Water could collect in 

subtle depressions on the surface. In general, surface drainage from 

burial grounds no. · 3 and 4 would be ·southerly to a swale southeast of 

105-0R building. Within burial ground no. 3 are bladed-up mounds of 

soil and an apparently active trench at .its east end. 

The water-level data for 2 wells in the area indicate that the water 
. 

table slopes northerly (fig. 16). Ground water that receives any radio-

nuclides from the burial grounds should move to the Columbia River within 

a few thousand feet of the burial grounds during 1 ow and norma 1 stages. 

When the 107-0 and 107-0R detention basins were operated, a ground-water 

mound doubtless was built up to sufficient altitude to cause ground 

water to move easterly and southeasterly to the Columbia River at the 

opposite side of its bend around the reservation. 

The character of the materials underlying the area along section 

line G-G' (fig. 15) are shown in figure 16. The bottoms of the burial 
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grounds are about 55-65 feet above the water table. The saturated 

zone extends 5-15 feet above the base of the glaciofluvial deposits. 

Radionuclides reaching the water table from the burial grounds-l'!9uld 
• . . 

move to the river mainly through the glacial deposits. ihe ~urface of 
-"' > . 

the Yakima Basalt is indicated to be at an altitude of about 100 feet 

by Brown (1962, fig. 6). fit is unlikely that radionuclides leached -
from the burial grounds would enter the basalt at or near the 100 D area 

before the ground water discharges to the Columbia Rive;:(' --·wells 199-0.:.z.5 and -0-5-12 have been monitored for Beta activity, 

tritium, and nitrate in the ground water: These wells possibly inter

cept radioactivity moving from burial grounds nos. 1, 3, and 4. Beta 

activity at well 199-0-2-5 was monitored on a monthly to quarterly basis 

from 1967-69. A single sample taken prior to this monitcr,ng period had 

a Beta activity of about 5 x 104 pCi/t. This and two samples taken during 

March and April 1967 showed a greate~ level of Beta activity than the 

other samples, which consistently had a Beta activity of about 102 pCi/t. 

At well 199-0-5-12 Beta activity was monitored from mid-1967 to present. 

Unfortunately, the record at this latter well does not extend back through 

the period when the relatively high Beta activity was obtained at 

well 199-0-2-5. The character of the fluctuations in Beta activity at 

199-0-2-5 suggest either that a minimum of two small slugs of contaminants 

passed ~hat well in a short period of time or that the samples were 
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contaminated during collection.CThe Beta activity at well 199-0-5-12 

has been rather uniform within the range >102 to 5 x 102 pCi/t. The 

tritium and nitrate content of water samples from these two wells were 

determined for 1971 and 1972. At well 199-0-2-s ·tritium rose from 

about 4 x 103 to 104 pCi/t and nitrate rose from 2 to about 75 ppm during 

197l ·and 1972. At well 199-0-5-12 tritium fluctuated between 6 x 103 

and 104 pCi/t during 1970-1972 and nitrate rose from abo~t 10 to about 

65 ppm from 1971-1972. Both monitoring wells almost certainly are inter

cepting wastes moving northeastward from the 100 N area where a ground

water mound has been built up by discharged waste water. Such a direction 

of movement is indicated by figures 9 and 10. It appears that the 

contaminants reaching these wells from the 100 N Area make the record 

obtained from them of little value in evaluating the possibility that 

radionuclides may be entering the ground water from the solid waste 

burial gro_un0 

100 F Area 

The 100 F Area is on the eastern limb of the bend of the Columbia 
. 

River at Hanford Plant coordinates Ni9.000 and W31,000. Tenninated 

and monumented burial grounds nos. 1, 2, and 3 are in the southwest 

quarter of the area (figs. 17 and 18). Battelle Pacific Northwest 

Laboratorie$ operates a burial ground for radioactive refuse from bio

logical experiments at the south side of inactive burial ground no. 1. 

Battelle PNL also operates the so-called Sawdust Repository, east of 

the 100 F area, where litter from animal pens containing small amounts 

of radioactivity is buried as a land fill. 
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The soil material at the inactive burial grounds is sand and 

coarse gravel. Vegetation is sparse. The surfaces of the burial 

grounds are graded fairly smooth. At burial ground no. 2, the land 

surface is several feet above swales and linear depressions bordering 

it. Wind deflation appears to have removed some of the soil cover 

from an area on burial ground no. 2. 

The water table is not clearly defined by the ground-water level 

information for the area but it appears to·slope northeasterly toward 

~he Columbia River. There may be a low ground-water mound built up 

in the •:i cinit:, of the 107 basin as a result of waste water discharge 

from the Battelle laboratory operation.-

The water table lies within the glaciofluvial deposits, as shown 

in figure 19, and is within 10 feet of the land surface at the southwest 

part of .the 100 F area. ·The depth to water increases northeasterly 

across the area, mainly because of a rise in the land surface. The -
water table is close to the surface in the area where burial grounds 

nos. 1 and 2 are located. Conceivably the water table could rise into 

burial ground nos. 1 and 2 as a result of a high stage of the Columbia 

River. Burial ground no. 3 and the Sawdust Repository are on higher 

g_round and the depths to the water table are somewhat greater. The 

water table lies within the glaciofluvial deposits, through which the 

ground water from the vicinities of the burial grounds can move freely 

to the Columbia River within distances of a few thousand feet. The 

Yakima Basalt lies at about sea level beneath the 100 F Area, and 300 

· feet or more of the Ringold Fonnation lies between it and the glaciofluvia ·. 
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deposits. It is unlikely that radionuclides leached from the byrial 

grounds would enter the basalt before reaching the river. 

Monitoring records of radioactivity at wells 199-F-5-1 and 

199-F-8-l were inspected. Water sample analyses on both these wells 

are sparse. Thirteen samples analyzed for Beta activity from well 

199-F-S-l ' from 1956 to 1962 indicate that some contaminants reached 

this well in 1958 and persisted through 1962. Source of these radio

nuclides probably was the 107 detention basin or a nearby crib. Samples 

analyzed for Beta activity in 1967-68 were at laboratory detection 

levels. Tritium and nitrate analyses for 1971-72 indicate that negli

gible concentrations, if any, of these contaminants were in the ground 

water at this well. It is improbable that continued surveillance would 

provide any data useful in evaluating the burial grounds. The well is 

too far from the abandoned burial grounds and not in the path of ground 

water moving below ·the Sawdust Repository, but samples from it may show .. 
if radionuclides move away from the crib. 

Well 199-F-8-l is near burial ground no. 3 but the well appears 

to have been installed to·monitor liquid waste discharge to a crib 

between it and well l99-F-8-2.0w analytical data were found for 

this well. Four analyses for nitrate in 1962-63 indicated that the 

water in the well was contaminated (11 ppm) in June 1962, but the 

other 3 samples contained about 1 ppm. A later series of analyses for 

1971-72 showed nitrate concentrations varying between 55 and 75 ppm;::{ 
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Tritium content for this same period was fairly constant at about 2 x 104 

pCi/.t. Well 199.-F-8-1 reflects the contaminants in a large body of 

polluted ground water which partly underlies the 100 F area. This body of 

polluted ground water is shown in figures ,9 and 10. The source of the 

polluted water may not be the 100 F area. This water may have moved 

eastward from the reactor areas on the western limb of the bend on the 

Columbia River, or it may have moved northward between Gable Butte and 

Gable Mountain from the 200 Areas and then eastward. Monitoring records 

of nitrate north of Gable Mountain are tco few to define the source of 

this body of water. Beta activity was -not determined for the wells in 

the 100-F Area so it is not known if ~adionuclides other than tritium 
'

The value ·of 
. . 

are associated with the high nitrate concentrations. 
---
well 199-F-8-1 is suspect in monitoring radionuclide movement from the 

burial grounds because of the possibility that contaminants from another 

source have moved into this area. i 

100 H Area 

The 100 H Area is the most northerly of the reactor areas and is 

well within the bend of the Columbia River. The Hanford plant coordinates 

N95,000 and W40,000 intersect within the area (fig. 20). Burial grounds 

nos. 1 and 2 are about 1,000 feet southwest and about 1,200 feet 

west, respe~tively, of the 105 reactor building. Both of these burial 

grounds have been terminated and are marked by monuments. They are 

built up a few feet above the apparently original land surface by a fill 
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of sand and coarse gravel. Burial ground no. 1 is bounded by broad 

swales. Shallow closed ba~ins have been formed in these swales by 

artificial fill for a road cutting across the burial ground and by 

fill for the railroad line to the east. Burial ·ground no. 2 is in a 

f1at area which appears to have been modified from the original topo- • 

graphy. A few small shallow depressions lie along its margins. 

The geologic materials along a line J-J' across the area (fig. 21) 

are shown in cross secti~n in figure 22. The slope of the water table 

is not defined by the limited water-level data in the area. The water 

tabJe probably is at about an altitude of 375 feet and lies within the 

glaciofluvial deposits. A significant ground-water mound was built up 

by water discharged to the 107 detention basin in years prior to 1965. 

Only two wells {199-H-3-1 and 199-H-4-2} are presently monitored for 

water-level altitude. Well 199-H-4-2, the deeper of the two, is 

described by K. L. Kipp, Jr. {written communication, 1973) as tapping 

confined ground water, presumably water in the Yakima Basalt. The 

water-level altitude in this well appears to be significantly higher 

than the water tab1e. 

The depth to the water table beneath the burial grounds is about 

10 to 20 feet.I Under present conditions, any radionuclides reaching the 
0 

water table would ·generally follow a direct easterly course to the 

Columbia River through a distance of 3,000 to 4,000 feet. At times of 

high river stage, however, the direction of ground-water movement may 

be reversed for a time. 
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There is a scanty radiological monitoring record available for 

well 199-H-3-1. However, data from this •well are not significant with 

regard to the solid-waste burial grounds. Ground water flowing beneath 

the burial grounds would not reach this well as long as the fonner 

ground-water mound existed around the 107 basin. (liiree analyses made 

durfng 1962-63 showed tritium to be about 105 pCi/.e. and nitrate to be 

10 ppm which probably were caused by local waste discharge:)Beta 

activity, based on 10 samples, during 1967-68, was 102 pCi/t, with one 

sample of 3 x 103 pCi/1, which probably was contaminated during collec

tion or was poorly analyzed.Q'amples .were again taken from the well 

durJng 1971-72 for tritium, which was about 104 pCi/t and nitrate, --------------------------~which was about 8-10 ppm. It would appear from figures 11 and -12 that 

these recent samples contain contaminants that. entered the 100 H area 

by moving northeastward from the 100 N area 

100 K irea 

. The 100 K Area is located at Hanford plant coordinates N76,000 

and W69,000. Facilities within the area have been surveyed by a land 

grid specific to the area. Both the Hanford plant and the 100 K grids 

are shown in figures 23 and 24. There is one large burial ground in 

that area at Hanford coordinates N77,000 and W67,000. This burial ground 

is not in use but is considered active and is fenced. 

The burial ground is on the high river terrace on which the 

principal facilities of the 100 K Area are located. The surface materials 

42 



. -::::r 
cr-,., 
c=l" 

II' 
co -C'-...! 
~ -.,,,,.._ 
a 

and backfill at the burial ground are mainly sand and coarse gravel. 

These materials have been graded to a fairly smooth surface, which 

drains northward toward a large effluent basin. There is a burning 

pit a short distance .north of the southeast corner of the burial ground. 

This burning pit is 20-25 feet deep at its center. 

The water table is inadequately defined by two observation wells 

in which water levels are monitored. With the shutdown of the 105 KE 

in January 1971 and 105 KW reactors in February 1970, the ground-
. 

water mound built up by discharge of waste water to the ground began to 

decay. An experiment during 1973 at the 100 K Area required the pumping 

of a large quantity of river water. If any of this water were discharged 
. 

to the ground, the water table was again modified. It is possi~le that, 

at the burial ground, the water table lies at an altitude of about I 
390 feet, which is about 60 feet below. the bottom of the burial ground.o 

· The water table is in the conglomerate zone of the Ringold beneath the 

southern part of the burial ground and in the glaciofluvial deposits 

beneath its northern part (fig. 25). Radionuclides reaching the around 

water would have a direct '"flow path about 2,000 feet long, northerly· 

or northwesterly to the Columbia River through the most penneable part 

of the Ringold Formation and the glaciof1uvial deposits (figs. 25 and 

26). At least a 450-foot thickness of the Ringold Fonnation intervenes 

between the water table and the Yakima Basalt. The blue clay zone in 

the lowennost unit of the Ringold appears to have been reached by 

wells 199-K-10 and 199-K-11 at about a depth of 300 feet. (It is unlikely 

that radioFuclides from the burial ground would enter the basalt before 

reaching the river:J 
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Radiological monitoring of ground water was done at wells 199-K-11 

and 199-K-20. Neither of these wells is placed so as to intercept 

radionuclides that may move from the burial ground through the ground• 
. 

water body. Well 199-K-5, which is within the burial ground, was drill~d 

for subsurface infonnation and its casing was removed. This well was 

never used for monitoring. UJ!l,ess this weJJ was r~fjlled with care -
t~ prevent circu]atign thrpugh it, it may be an avenue of downward 

movement of radionuclides from the buri wastes. 

The radionuclides in the ground water at the 100 K Area apparently 

were from local sources such as the effluent trench near well 199-K-20. 

This well was sampled 13 times for Beta activity from November 1956 

to October ~959 and showed a general rise to about 104 pCi/1. Another 

series of Beta activity detenninations for the years 1968-72 showed 

levels of about 106 pCi/t which declined throughout 1970, after waste 

discharges ceased, to about 102 pCi/L. Beta activity at well 199-K-11 

was low, about 102 pCi/1 during the period 1967-69 but the well was not 

otherwise sampled for Beta activity. Tritium apparently was released 

to the ground locally within the 100 K Area. Tritium detenninations 

for the two monitoring wells are few and were made mainly during 1971 

and 1972. These tritium data, though inconclusive, suggest that some 

tritium-bea~ing ground water moved southward when waste water was discharged 

to the ground, then moved northward toward the Columbia River as normal 

gradients were restored. A large body of nitrate contaminated ground 
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water is south and southeast of the 100 K Area {fig. 10) and may 

move northward through the area to the Columbia River. The possibility 

that wastes originating outside the 100 K Area may move into the area 

should be considered if monitoring of the burial ground is undertaken . 

100 N Area 

The 1 CO N Area is located at Hanford coordi.nates N85000 and W61000. 

Surveying within the area based on a local 100 N grid which is shown 

on figures 27 and 28 along with the Hanford grid. The only radioactive 

solid wastes stored in the 100 N Area are used fuel element spacers, 

which are stored in a concrete subsurface structure containing three 

silo~ northwest of the 105-reactor building. The spacers may be retrieved 

through hatches in the _tops of the silos. There is no likelihood of 

radioactivity from the spacers entering the soil materials as long as 

the storage structure is .intact. 

The surficial materials in the 100 N Area are principally sand and 

coarse gravel of the glaciofluvial deposits. These are underlain at an 

indefinite depth by the m~ddle conglomerate unit of the Ringold Formation. 

The upper surface of the Ringold may range from about an altitude of 

350 feet near the Columbia River to about 400 feet in the eastern part 

of the 100 N Area (figs. 29 and 30). At well 699-86-60, where the top 

of the Ringold is at an altitude of about 400 feet, the top of the blue 

clay unit is at an altitude of about 360 feet. 

A large ground-water mound has been built up to an altitude of 

more than 400 feet, more than 20 feet above normal river stage, where 
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waste water is discharged to the ground in the northeastern part of 

the area. Ground water has moved in a11 directions from this mound. 

The eastward moving ground water probably has carried contaminants 
. 

into the 100 Hand 100 F Areas. Radionuclides enteri.og th~ 9?1'~d-

water body from the spacer storage will move toward the Columbia River - -
under the influence of the high artificial ground-water gradient from 

this mound. If waste-water discharge were stopped and the mound 

decayed completely, movement of ground water beneath the spacer storage 

facility would still be toward the river but at a lower velocity. How

ever, at times of high stage of the Columbia River, there would be a 

movement of water eastward beneath the .spacer storage facility. In 

fact, during high stages, water might move in the subsurface across 

the part of the reservation enclosed by the bend of the river and 

eventually enter the river (aft~r it had returned to normal stage) in 

the reach that includes the 100 H and,100 F Areas. 

Although several completed wells are in and near the area of 

waste discharge, only test boring data are available on the subsurface 

materials in the southern two-thirds of the 100 N Area. Samples for 

radiological monitoring are collected regularly at wells 199-N-3, 

199-N-4, and 199-N-10 near the waste discharge. Beta activity, tritium, 

and nitrate concentrations are available and originate from reactor 

liquid wastes. 
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300 Area 

The-300 Area is in the southeastern part of the Hanford Reserva

tion at S 24000 and E 13000 of the Hanford plant coordinate system •. 

Facilities in the 300. Area are referenced to the Richland coordinate 

system. Both systems of coordinates are shown in f i gures 31 and 32. 

The burial grounds in or near the 300 Area are designated no. 1, 

2, 3, 4, 5, 7, 8, and 300 West. Of these burial grounds, only no. 7 

is still receiving solid wastes. Burial ground no. 1 is east of the 

333 building at plant coordinates S 24000 and E l3400 and is marked 

by monuments. Part of its surface is paved with asphalt and· the remainder 

is graded smooth. Two small steel buildings are on it. 

Burial ground nos. 2 and 3 are side by side a short distance north 

of burial ground no. 1 and are marked by monuments .' Surficial materials 

are sand and gravel. A few minor depressions occur in the surface. 

Surface drainage is to the north. 

Burial ground no. 4 is north of the 300 Area and is marked by 

monuments. Surface materi~ls are sand and gravel. It is in a broad 

shallow swale that drains eastward to the Columbia River. Fill placed 

in the burial ground has blocked drainage through the swale and created 

a surface depression centering on the burial ground. The depression 

may also be partly caused by compaction of buried materials. With the 

present condition, runoff can collect on the burial ground and seep 

through it. The burial ground may also be susceptible to erosion by 

runoff, if the fi11 is washed out. 
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Burial ground no. 5 is also located in a swale about 1,000 feet 

southeast of burial ground no. 4. A burning pit, the use of which was 
. 

discontinued in 1973, is within the monumented confines of. .the ·bunal 

ground. Excavation and backfilling for the burials has considerably 

modified the natural drainage. The swale has been blocked by fill at 

the downstream end of the burial · ground and an excavation was made on 

the upstream end. As with burial ground no. 4, burial ground no. 5 may 

collect runoff that will infiltrate through it, and it may be eroded 

by surface water. 

Burial ground no. 7 is northwest of the main facilities sector of 

the 300 Area. It is marked by steel posts and a chain. Surficial materials 

are sand and coarse gravel. Natural topography consists of rolling prairi ' 

with 8-10 feet of relief. -Operations at the burial ground have considerably 

modified the surface at places. In January 1973, a trench was open in the 

northern part of the burial grqund in whic~ a variety of solid wastes had 

been placed. These wastes contained such items as stainless steel and 

aluminum vessels, a tank truck body, machine equipment, a wooden ladder, 

and various packaged wastes. Presumably these materials were only slightly 

contaminated by radioactivity as access to them was controlled only by 

radiation signs. 

The 300 West burial ground is about 1000 feet southwest of burial 

ground no. 7 (fig. 32) and is marked by monwnents. It is a small burial 

ground about 20 by 140 feet in dimension. The surficial materials are sand 
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a·nd gravel. The topography of the burial ground and surroundings is 

gently rolling. The 300 West burial ground contains uranium-bearing 

solvent in steel drums which were buried in 1955-56. 

The water table beoaatb the 300 Area is affected by waste water 

discharges to the north and south process ponds. A low ground-water 

mound · has formed beneath the ponds (fig. 31). '!'his mound causes ground 

water that nonnally would move beneath the burial grounds, to follow 

circuitous courses to the Columbia River. The water-level data on the 

300 Area are insufficient to allow the flow paths from the burial grounds 

to be traced. If waste-water dfscharge~ were stopped, ground wa,,:ter 

should flow easterly directly to the river after the mound decayed.~ 

of the burial grounds are close enough to the river, so that ground-water 

flow beneath them ·is reversed when the Columbia attains high stage in 

late spring. 

The relationships of the burial g~unds to the geologic materials 

and the water table are shown in the cross sections of figures 33 and 34. 

Within the 300 Area, the water table lies at a general altitude of 

about 342 feet. lThe more easterly burial grounds are abouS,_20 feet above 
• 

the water table; the westerly burial grounds are about 40 feet above it. 

The water table lies in the glaciof1uvial deposits, which are underlain 

by the middle conglomerate unit of the Ringold Formation. Hydraulic . 
data show that the water-bearing materials in the 300 Area have a high 

transmissivity and the movement of water to and from the Columbia occurs 

at a high rate (Tillson, Brown, and Raymond, 1969). The surface of the 
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Yakima Basalt is at an altitude of about 200 feet. There is a 

saturated section of about 140 feet of Ringold Fonnation and glacio

fluvial deposits above the basalt. The Yakima Basalt probably is 

involved little, if .at all, in the movement to the river of wastes 

originating in the 300 Area. 

Radiological and chemical monitoring data are available for 14 

of the wells shown in figures 31 and 32. Tritium was cot detecniDed -
but alpha activity and Cr+6 and F- concentrations, as well as beta 

activity and nitrate concentrations, were measured in ground-water 

samples. 

Apparently all of the contaminants observed at these wells are 

locally Jntroduced by liquid waste discharges, principally to the process 

ponds. The concentrations of contaminants observed at wells decrease 

in a general way with distance of the well from the process ponds. 

Radioactivity in the ground water is caused mainly by uranium (Kipp, 

1973, p. 23). Beta· and alpha activities generally are low. In wells 

near the ponds, beta activity occasionally reaches levels of 104 pCi/t 

or somewhat higher, but generally is not much higher than 102 pCi/t. 

Nitrate is the principal chemical contaminant having reached concentrations 

greater than 100 ppm in the ground water near the ponds. Nitrate determina

tions on wells 399-8-1, 399-8-2, and 399-8-3 indicate that wastes from 

the process ponds probably have moved beneath even the most distant 

burial grounds. I 
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300 North Burial Ground 

The 300 North burial ground is about 2-1/2 miles north-northwest 

of the 300 Area at Hanford plant coordinates S 6000 and E 3000 (fig . 35 ) . 

Its boundaries are d~lineated by monuments. The· burial grounq is in 

an area of undulating topography with 10 to 20 feet of relief between 

sw~les and hillocks. There is no plant topographic map for this area. 

Altitudes are available for wells and the corners of the burial ground 

{fig. 35). The profile of the topography shown in figure 36 was based 

on the U.S. Geological Survey topographic map of the Richland quadrangle 

{contour interval, 20 feet). 

Surficial materials are sand and coarse gravel. Surface drainage 

from this area is eastward to the Columbia. However, the burial . ground 

has been graded with earth-moving machines, is poorly drained, and may 

be in a closed ba$in. Seven wells were drilled east and southeast of 

the burial ground. Five of these wellsi were found in 1973 to be still 

in existence. Apparently one of the wells was a production well which 

supplied water to wash out truck bodies after wastes were delivered to 
. 

the burial ground. It was.reported that this wash water was disposed of 

in a crib adjacent to the burial ground. 

The ground-water level is monitored near the burial ground at 

well 699-S6-E4C. This record indicates the water table to be at an 

altitude of about 370 feet. The water table is within the permeable 

glaciofluvial deposits, as shown in figure 36. The water table is about 

45 feet beneath the bottom of the burial · ground. - The Hanford water-table --
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map (fig. 8) indicates that ground water moves easterly from the 

burial ground to the river. The map of tritium concentrations in 

ground water (fig. 9) shows that there is a preferential movement 

indicated by the most soytberlv segment of the waste plume extending 

from the 200 West Area. In general, the direction of ground water . 

should roughly approximate the line of section of figure 36. The length 

of the flow path from the burial ground to the river is on the order of 

2 miles. 

Monitoring of ground water at wells 699-2-3, 699-S6-E4C, and 

699-Sll-E14 indicate that wastes from the 200 West Area have appeared 

at all three wells. ,r;:; well 699-2-3 tritium reached a level of >103 
"--

pCi/t in 1969, indicating that contaminants were present. Tritiam 
. - . 

increased to 2 x 104 pCi/.t by Octoberl9i2. Nitrate · content at this 

well inc·reased in 1970 to 16 ppm and has been rather erratic in concentra

tion since, but at levels generally of 7.5 to 10 ppm. Beta measurements 

were discontinued at this well before the arrival of the tritium. 

At well 699-S6-E4C piezometers O and P have been sampled. Piezo

meter O is 148 feet deep and piezometer Pis 460 feet deep. The shallow 

ground water is not monitored at this site. Beta activity has not been 

detennined since 1969. However, tritium and nitrate appear to have been 

present as cqntaminants in small concentrations. In the shallower piezo

meter, nitrate was as high as 6 ppm in 1969. Tritium has fluctuated in 

recent years from 5 x 102 to 103 pCi/t • . In the deeper piezometer, tritium 

fluctuations were similar but nitrate did not rise above a maximum of 

about 2 ppm. 
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At well 699-S11-E12 nitrate concentrations rose to 6 tg 11 epm 

during 1971 an~2. which definitely indicate the arrival of wastes. 

Beta activity wa..s,, not monitored. Tritium was reported at low levels -------~ 
duri~g 1971 and 1972, except for one measurement.·of 7.7 x 104 pCi/.t, 

which probably resulted from a contaminated sample or· a poor measurement. 

300 WYE Burial Ground 

The 300 WYE burial ground is about 7-1/2 miles northwest of the 

300 Area and 3-1/2 miles west of the Columbia River (fig. 1). The 

burial ground is inactive and is marked with monuments. The WPPSS 

(Washington Public Power Supply System) Hanford No. 2 generating plant 

is under construction to the east of the burial ground. 

The burial ground is on one of the lower river terraces with an 

· altitude of 440 feet and with a topography characterized by areas of 

· rolling prairie and intervening broad, f1at mead~ws. There is no 

plant topographic map of the burial ground area. The authors have 
i 

drawn contours of the area, shown in figure 37, on the basis of altitudes 

obtained by WPPSS in its site investigation for the Hanford No. 2 

generating plant. Land surface profiles shown in figures 40 and 41 

were drawn on the basis of the topography shown on the U.S. Geological 

Survey topographic map of. the Richland quadrangle. A low medial ridge, 

4-5 feet high, trends east-west through the burial ground. Drainage 

from the burial ground is locally north and south of this ridge and 

generally eastward to the Columbia River. There are some shallow 

depressions at the west margin of the burial ground. 
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Surficial materials at the burial ground are sand and gravel of 

the glaciofluvial deposits. These extend downward about 45 feet, as 

shown in figures 38 and 39, to the middle unit of the Ringold Formation . 

However, the base of the glaciofluvial deposits 1s not definitely 

known in this area, and it may really lie at a greater depth of about 

40 feet below the bottom of the trenches at the burial ground. There 

are some tubular-shaped taissons that reportedly received considerabl e 

solid radioactive wastes in the burial ground, which extend to greater 

depths than the trenches. 

Ground water moves easterly from the 300 WYE area to the Columbia 

River. The lobate fronts of the waste plumes from the 200 East Area, 

shown by tritium and nitrate concentratjocs of ground water (figs. 9 

an4 10) indicate that ground water flow i·s more rapid to the north and 
• 

south of the 300 WYE burial ground. These differences in the rate of 

ground-water flow probably result from the different transmissivities 

of materials in the upper part of the zone of saturation from place to 

place on the Reservation. 

No monitoring wells are near enough to the 300 WYE burial ground 

to have any utility in determining if contaminants from the solid wastes 

are reaching the water table. Wells 699-17-5 and 699-9-EZ, the closest 

monitoring wel ls, are each about a mile from the burial ground. Soil 

borings by WPPSS,- listed on figure 39, were drilled recently. WPPSS 

reportedly may monitor two of these borings for water levels and 

radioactivity but probably in connection .with liquid waste discharges 

or for possible .leaks from the Hanford No . 2 generating plant. The -
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monitoring record for well 699-17-5 indicates that wastes from the 

200 Areas recently (1972) may have reached that well. Occasional --------
nitrate concentrations above background concentrations have been 

observed at that well since 1967. These may be accounted for as 

due to contaminated samples or poor laboratory analyses. In 1972, 

nitrate contents of 5. 9, 11 , < 0. S, and 7. 7 ppm were observed in the 

months of February, May, July, and September, respectively. Three of 

these determinations are indicative of contamination. 

200 Areas 

The 200 East and 200 West fuels separati~ns areas are spaced about 

3 miles apart in the central part of the Hanford Reservation on a 

high terrace· with an altitude of about 700 feet. The 200 East Area is 

approximately centered on Hanford coordinates N 42000 and West 52000 

and the 200 West Area on Hanford coordinates N 42000 and W 74000. 
i 

The solid waste burial grounds and regulated storage sites in the 

200 Areas contain most of the radioactive solid wastes from the operations 

at Hanford. There are 27 solid waste burial sites and 9 regulated equip

ment storage locations (L. L. Lundgren, Atlantic-Richfield Hanford Co., 

written conmunication, January 26, 1971). Many of the burial grounds 

coalesce into large areas of solid waste burials. The Atlantic-Richfield 

Hanford Company is presently updating drawings and maps showing the 

various burial grounds and other solid ·waste storage. Most of the burial 

grounds are shown in figures 40 and 41. Wastes generally have been placed 
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in trenches in the burial grounds which were backfilled with the 

excavated soil material. There is also contaminated or radioactive 

equipment in various storage facilities. The laroest such facility 
~ ...... . . 

consists of two railr.oa'd tunnels in which are stared fiat cars contain

ing large radioactive eguipment items from the Purex plant (the 202-A 

building in figure 40)~ Such stored equipment is presently retrievable . 

The topography of the 200 Areas is flat or gently sloping. In 

the 200 East Area the slope of the land and the natural drainage is 

northeasterly. In the 200 West Area the land slopes and natural drainage 

are mostly westerly and southwesterly. · Both of the 200 Areas are 

intensively developed and drainage is now controlled along the networks 

of roads and railroads, the waste-water canals and ponds, and other 

structures. The 700-foot altitude of the 200 Are~s would. seem to place 

them.well above any conceivable extreme flood levels of the Columbia 

River. Unruh (1970, p. 25) states, 11 
•••• a coincident failure of Grand 

Coulee Dam and the simultaneous arrival of breech (sic) flows from upper 

Canadian storage projects ••••• would produce a flow of only 10 million 

cfs past Hanford. Even this flow rate would raise the surface waters to 

an elevation only 560 ft. above sea level •••• P 

The surficial materials in the vicinity of the 200 Areas are 

mainly sand and gravel of the glaciofluvial deposits. In the 200 

West Area the surficial materials are a finer grained facies of the 

glaciofluvial deposits and consist mainly of sand and silt. The sub

surface geology of the 200 Areas has been described by Brown (1959). 

Figure 42 is a topographic map of the 200 Areas taken from Brown 1 s report 

56 . 



co 
("'-,J 
a.... 
c=l 

" co -C-,...J 
r-t"":/--~ 
a,,., 

,. 

...... 

ar.d shows lines of geologic cross sections that Brown prepared. 

Figures 43, 44, 45, 46, and 47 are copies of Brown's cross sections 

and show the character of the geologic materials at depth in the 

vicinity of the 200 Areas. 

The glaciofluviai deposits are much thicker beneath the 200 East 

Area than they are beneath the 200 West Area. As a result of waste 

water discharge, the water table has risen into the glaciofluvial 

deposits beneath the 200 East Area. The water table has risen considerably 

higher beneath the 200 ·west Area, ·but it is well within the Ringold Fonna

tion. Because the glaciofluvial deposits are much more permeable than 

the Ringold Fonnation, wastes in the ground-water system rlllve away from 

the 200 East Area much more rapidly than they do from the 200 West Area . 

The extent of waste movement and the direction of ground-water flow 
. . 

from the 200 Areas is indicated by the bodies of wastes originating in • 

these areas and rlllving principally easterly and southeasterly as a large 
i 

plume and northerly toward the.Columbia River (figs. 9 and 10). 

Radiologic monitoring of ground water has been intensive in the 

200 Areas and i111t1ediate vicinity. However, this monitoring has been 

conducted to provide operating information for liquid waste discharge 

facilities, consisting of cribs and ponds, and to provide information 

on the movement of radionuclides from liquid wastes through the ground

water system. The monitoring wells are not located to ~etect if materials 

from solid wastes have entered the soil or the ground water beneath 

the burial grounds . 

57 



·-

\ . 

I 
_,r 

In recent years, a considerable effort was made at Hanford to 

develop a predictive computer model of waste transport through the soil 

and ground-water system. Cearlock (1971) describes the features of this 

computer model system. De Mier (1972) described-the use of the model 

relative to ground-water flow and indicates that the predictive capa

bility of the model is poor, except for the region of the tritium plume 

extending south.east of the 200 East Area and shown on figure 9. The 

modeling of waste movement through the soil at Hanford is still in 

the development stage. Further laboratory and theoretical studies are 

necessary to detennine the intereactions of wastes and soi 1 materia 1 s· 

and to develop suitable mathematical relationships (Battelle Pacific 

Northwest Laboratory, · 1972, p. 2). 

213 Area 

The 213 Area is located on the south flank of Gable Mountain at 

Hanford coordinates N 54000 and W 35000 (fig. 1). It includes a concrete 

structure containing two vaults fonnerly used for storing the plutonium 

product of the Hanford Works and two small burial pits in the yard south 

of the vault structure. These pits are reported to be about 4 feet deep 

and t~ be covered with rough concrete slabs about 8 feet square. They 

received both solid wastes such as plutonium-bearing wipe rags and wash 

water used f~r decontamination. The wash water may have contained 

particulate plutonium. 

The yard where the pits are located has a gently sloping surface. 

However, runoff can reach the area from a steep slope north of the facility. 
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In light of the shallowness of the pits, erosion by surface water or 

wind may in time release the wastes. The water ta~le is probably on 

the order of 150 feet or more below the land surface. It may lie either 

within the unconsolidated deposits or the Yakima Basalt. The concrete 
. 

slab covers probably have prevented water from infiltrating the ground. 

The wash water presumably could have carried either dissolved or 

particulate plutonium into the ground beneath the pits. 

Hydroloqic factors related to lonq-tenn waste 

storage at burial grounds 

The burial grounds in the 100 Areas and the 300 Area have in co111T10n 

the following features: (1) nearne~s to the Columbia River, (2) unsatu

rated materials above the water taole are mainly coars2-grained glacio

fluvial materials, (3) the uppennost part of the saturated zone is mainly 

in coarse-grained glaciofluvial deposits and the middle conglomerate unit 

of the Ringold. Fonnation, (4) location on low river terraces that could 

be flooded and eroded away without the protection provided by upstream 

dams on the Columbia River or they could be flooded in the event of a 

rupture of a dam. In the Jiaht of the hydrologic setting of these bPcial 

grounds in the areas near the river, it can be rnncluded that they are 

not suitable for long-tenn storage of radioactive solid wastes. Radio

nuclides could conceivably be leached from the wastes by infiltrating 

water and reach the water table, from which they could reach the Columbia 

River wi.thin several days to several months. Despite the dry climate at 

Hanford, infiltration and ground-water r~charge could occur in amounts 
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of significance to radionuclide transport in the 100 Areas and 

300 Area burial grounds. The precipitation is seasonally distributed 

with about one-half of the average annual precipitation occurring in 

the winter months when evapotranspiration is neg~igible and conditions 

for infiltration are most favorable. These burial grounds are under1tjn 

by very penneable deposits, and the water table is relatively close to 

the surface. The possibility of water infiltrating through the burial 

grounds and reaching the water table is enhanced if the burial grounds 

have surface depressions in which water can collect; as some of them do. 

The 100 Areas and 300 Area burial grounds would be flooded _in the -event of the "probable maximum f]gcd" predicted by .the U.S. Army Corps 

of Engineers (1969). However, such a flood would cause much more serious 

results by inundating .reactor and laboratory buildings. The possible 

flooding of these buria l grounds is not as important a factor in their 

evaluation as is the possibility of the release of radionuclides through 
I 

the soil water and ground-water systems, which could be a conti nuous 

process. 

The 300 North and 300 WYE burial grounds are on relatively low 

river terraces but are at a considerable distance from the Columbia 

River. Except for their greater distance trom the river, they have all 

the undesirable features of the 100 Areas and other 300 Area burial 

grounds. 
. . 

The 200 Areas burial grounds are the most favorably situated for 

long-tenn storage of any of the burial grounds in the Hanford Reservation . 

They lie on a high terrace underlain at depth by fine-grained materials. 
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The depth to the water table is on the order of 200 to 300 feet. These 

depths would be greater if waste-water discharge to the ground were 

stopped and natural ground-water .condftions were restored. The great 

depth of the water table and the fine-grained sediments at depth make 

it much less likely than in the 100 Areas that infiltrating ~,ater .,,ould 

actually reach the water table under present climatic conditions. The 

fine-grained geologic materials at shallow depth beneath the 200 Areas 

have been shown to sorb large proportions, but not all, of the radionucl ides 

that have been discharged to the ground in liquid wastes (Brown, 1967). 

These liquid wastes, however, have been. treated to raise their pH to 

alkaline, which facilitates sorption in the soil. However, in the event 

of water infiltrating the burial grounds, the resultant chemical character 

of water-waste mixtures could be expected· to be closer to natural . condi

tions. Conceivably. large concentrations of radionuclides could be built 

up in a particular zone of sediments below a burial ground through sorption . 

This tendency for radionuclides to be concentrated in particular soil 

layers has been observed with regard to liquid waste disposal at Hanford 

(Brown, 1967, 1971). Under some circumstances such a concentration of 

radionuclides may be particularly hazardous should the materials be 

breached by erosion or should the burial ground be dug up for removal of 

wastes. The.suitability of the 200 Area burial grounds for long-term 

storage cannot be evaluated with the data available. The important 

deficits pertain to the effects of the movement of soil water, as was 

discussed previously in relation to sorption and infiltration, and to 

the transport of radtonuclides by soil water. 
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Conclusions and Recommendations 

The following actions should be undertaken to assure that the 

release of radionuclides from the burial grounds will not occur. 

100 Areas.--Solid waste burials in the 100 Areas are poorly 

inventoried for the years prior to 1.969. However, file data indicate 

that most radioactive solid wastes in the 100 Area burial grounds are 

irradiated reactor components, pipes, and various metal equipment items. 

Most of the radioactivity in these burial grounds is believed to be in 

these metallic wastes and is due to cobalt-60 and other activation 

products. It was estimated by Corbit (1969, p. 61) that the bulk of 

these radioactive wastes would decay to nonradioactive states by the 

year 2050 though a small amount would still be considered radioa~tive 

through the year 2110. Wastes .of this type would release radioactivity 
• 

slowly even if subjected to continuous percolation of water through them, 

because the metals would have to corrode in order to release any signifi-
; 

cant amounts of soluble ions of radionuclides. Because these wastes are 

relatively insoluble and the radiation is due to fairly short-lived 

radioisotopes, such wastes probably are not serious environmental hazards . 

However, a review should be made of the records of disposals to identify 

those burial grounds or the parts of burial grounds where relatively 

large quantities of cobalt-60 bearing metallic. wastes or other very 

hazardous wastes are located. At a few sites, mainly older burials, 

containing hazardous materials, samples should be taken of the soil 

below the wastes and analyzed to determine if radionuclides are migrating 

downward to the water table. Wells also should be constructed adjacent 
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to selected burial sites so as to intercept water moving beneath 

them in the uppermost part of the saturated zone. They should be 

sampled regularly and the water analyzed for _s..hajraJ an!.,_isotopic .. 
constituents indicative of the waste c~ents in the burial grounds . 

. - . 
I~ movement of radionuclides from,.tllau~l grounds is detec,2=ed, a 

study should be made of the advisability of removing the wastes. 

300 Area.-The burial grounds in the immediate vicinity of the 

300 Area are reported to contain little radioactivity. None is reported 

to contain plutonium except burial ground no. 1 •. If plutonium is present 

there in other than trace quantities, then removal of the plutonium

bearing wastes should be considered. 

300 North and 300 WYE Burial Grounds.--Both of these burial grounds

contain fission products and plutonium, apparently in large quantities. 

Neither can be depended upon to retain these radionuclides through long 

periods of several hundred to several thousand years. the time required 

to reduce the activity to innocuous levels. It is reconmended that the 

desirability of removing the plutonium and fission products from these 

burial grounds be considered. 

200 Area Burial Grounds.--The numerous burial grounds in the 200 

Areas contain large amounts of plutonium, fission products, and radio

activity and are great potential environmental hazards. It is also 

pointed out that the high-level liquid wastes stored in the 200 Areas 

and now being reprocessed to salt cakes, and radionuclides in the soil 

beneath abandoned cribs and ditches also are a great potential hazard. 

It is clear that presently there is no means to predict the potential 
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for movement of radionuclides from the solid waste burial grounds, 

particularly over the many thousands of years that containment of 

plutonium would be necessary. The waste -?nagement plan for Hanford 

(Karagianes, 1973, p. 1-19) calls for environmental studies to detennine 

the safety of long-tenn storage of the residual salt-cake from high 
• 

level liquid wastes. Infonnation developed through these studies on 

water and radionuclide movement through the soils beneath the 200 Areas 

may have a direct bearing on detennining the suitability of the 200 Area 

burial grounds for long-tenn storage. In fact, these environmental studies 

should be designed so as to also provide conclusions directly pertinent 

to the burial grounds • 

. \Y3 Area.--The two small burials of plutonium-bearing waste · in the -213 An!a should be considered for removal as their location and the shallowness 

of the burials do net assure long-term containment. 

General.--Where necessary, the surface characteristics of the burial 
i 

grounds should be modified to prevent or reduce (1) erosion by local runoff 

or_wind and (2) collection of runoff and precipitation in depressions or 

swales that will add to the infiltration of moisturq 

Temoorary storage facilities for relocated solid radioactive wastes.-

Solid radioactive wastes containing plutonium and other fission products, 

removed from.burial grounds, according to the reconmendations of this 

report, must be stored so as not to cause environmental hazards. Temporary 

sto-rage for these relocated wastes should be provided in either or both 

of the 200 Areas. These areas a 1 ready co·nta in extensive waste management 
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facilities, personnel security measures are stringent in both areas, 

and, from a hydrologic standpoint, they are least objectionable for 

solid radioactive waste storage of any of the facilities areas. 

The relocated wastes should be placed in facilities that will 

prevent any possible release and transport of radionuclides and from 

which they can be recovered subsequently. Ease of recovery is desirable 

should later studies lead to the requirement that solid wastes containing 

transuranium elements and fission products be removed from the 200 Areas 

and placed elsewhere in a permanent repository. The facilities also 

should be designed so that they can be stabilized with relative ease if 

it is later proved that the wastes may be retained with safety in the 

200 Areas. 

• 
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REFERENCE 27 

File note from RD Stenner to file on December 2, 1987, 

regarding Landfill Operations 
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Date: December 2, 1987 

To: File ~ 

From: R. D. Stenner ~ ~ 
Subject: Operational Assumption for Historical Solid Waste Landfills 

In historically operated ·solid waste landfills where hazardous wastes were 
suspected the operation of the landfill did not involve any separation of 
hazardous wastes and nonhazardous wastes prior to disposal in the landfill. 

Wastes in these landfills is primarily from Hanford Site maintenance/support 
activities which could involve hazardous materials originating from the 3000, 
1100, 300, 200 or 100 Hanford operational areas. 

I/• 
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MEMORANDUM 

DATE: 12/18/87 ~ 
FROM: R.D. Stenner (<.{J 

., .. 

RE: Addendum to December 2, 1987 Letter Regarding Historic 
Landfill Operations 

The units associated with the December 2, 1987 letter on historic 
landfill operation assumptions are as follows: 

Horn Rapids Landfill (300 Area) 
618-10 (200 Area) 
618-11 (200 Area) 
213-J&K (200 Area) 
Central Landfill (200 Area) 
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Reference 28 

Memo from Kathleen Galloway, MITRE, to Sandy Crystall, EPA 
December 29, 198i 
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To : 

MITRE 

Sandy Crystall, 
Acting Chief for NPL Oper ations, 
Environmental Protection Agency (EPA) 

Date : 29 December 1987 

From: Kathleen Galloway , Member of the Technical Staff 
The MITRE Corporation 

Subject: The Toxicity of Uranium and Plutonium 

Copies : B. Myers, S. Parrish 

According to Sax, uranium is a highly toxic element on an acute basis 
as well as on a radio-toxic basis. For this reason the Agency feels it is 
appropriate to assign a value of 3 for the toxicity of uranium. 

Sax states that the toxicity of plutonium compounds is based first upon 
the very high radio-toxicity of the plutonium atom. In addition, the 
permissible levels for plutonium are the lowest for any radioactive element . 
Therefore, although a method for assigning toxicity values for 
radio-nuclides is not established, the language in Sax would appear to 
justify a .toxicity value of 3 for plutonium . 

KG/js 

The MITRE Corporation 
Civil Systems Division 

7525 Colshire Drive, McLean, Virginia 22102-3481 
Telephone (703) 883-6000/Telex 248923 
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