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. Upoa� w: 

Facility name: 
leceired: 

u, ! ' !17 

U.S. DOE Hanford 200 Area 

Location: Hanford Site 

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: 8/18/87 

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 infonnation needed for rating; agency action, 
etc.) · 

The 200 Area site contains the 216-A-l, 216-A-2, 216-A-4, 216-A-5, 

216-A-6
1 

216-A-7
1 

216-A-9, 216-A-ll) 216-A-12, 216-A-13, 216-A-14
1

216-A-15, 216-A-16, 216-A-17, 216-A-18, 216-A-19
1 

216-A-20, 216-A-21
1

216-A-22, 216-A-23A, 216-A-238
1 

216-A-24, 216-A-26A
1 

216-A-27,

216-A-28, 216-A-31
1 

216-A-32, 216-A-33, 216-A-34
1 

216-A-35, 216-A-36A,

216-A-39, 216-A-40, 216-A-41, 216-8-2-1, 216-8-2-2, 216-6-3-l,

216-8-3-2, 216-8-4, 216-8-5, 216-B-6, 216-B-7A&8, 216-8-8, 216-8-9
1

Scores: SM • 69.05 (Sgw � 79.59 Ssw • 89.09 Sa• 0.00) 

SFE • 0.00 

soc• o.oo 
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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 200-AREA (USDOE) 
Benton County, Washington 

The Hanford 200-Area is in the middle of the 570-square-mile-Hanford Site 
approximately 20 miles north of the City of Richland, Benton county, Washi~ton. 
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 (USOOE) uses the 200-Area for nuclear fuel 
reprocessing, finishi~, and waste management. over 230 waste disposal locations 
have been identified in the 200-Area. The disposal locations and plumes of 
contaminated ground water cover approximately 215 square miles. 

An estimated 1 billion cubic yards of solid and dilute liquid wastes 
canprised of radioactive, mixed and hazardous constituents were disposed of in 
trenches, ditches, and landfills in the 200-Area. USDOE has detected tritium, 
iodine-129, uranium, cyanide, and carbon tetrachloride at levels significantly 
above background in ground water beneath the area. Oler 2,500 people obtain 
drinking water fran wells within 3 miles of the 200-Area. Tritium has been 
detected in Ri chland's surface water intakes at levels above background. Surface 
water within 3 miles of the 200-Area provides drinking water to 70,000 people 
and irrigates over 1,000 acres. 

EPA, USOOE, and the Washington Department of Ecology are jointly developing 
an action plan that will include the wo_rk needed to address this area under the 
superfund program, as well as other work needed to meet permitting, corrective 
action, and compliance requirements of Subtitle C of the Resource Conser_vation 
and Recovery Act. 

U.S. Environmental Protection Agency/Remedial Response Program 
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Faci 1 i ty name: _u_. S---_DO __ E---Ha_n_f_o_rd __ 2-00 ___ A--re-a---_________ _ 

Location: Hanford Site 

EPA Region: _X _____________________ _ 

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

Safety, Environment and Security 

509 - 376 - 7334 

Harne of Reviewer: D. M. Bennett, EPA Region X Date: 8/18/87 

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 infonnation needed for rating; agency action, 
etc.) 

The 200 Area site contains the 216-A-l, 216-A-2, 216-A-4, 216-A-5, 

216-A-6, 216-A-7 1 216-A-9, 216-A-ll, 216-A-12 1 216-A-13, 216-A-14, 

216-A-15, 216-A-16, 216-A-17, 216-A-18, 216-A-19, 216-A-20 1 216-A-21, 

216-A-22, 216-A-23A, 216-A-23B 1 216-A-24, 216-A-26A, 216-A-27, 

216-A-28, 216-A-31, 216-A-32. 216-A-33, 216-A-34 1 216-A-35 1 216-A-36A, 

216-A-39 1 216-A-40 1 216-A-41 1 216-8-2-1, 216-8-2-2, 216-8-3-1, 

216-8-3-2 1 216-B-4, 216-8-5 1 216-8-6, 216-B-7A&B, 216-8-8, 216-B-9, 

Scores: SM • 69.05 (Sgw = 79.59 Ssw = 89.09 Sa= 0.00) 

SfE = 0.00 

soc• o.oo 

FIGURE 1 
HRS COVER SHEET 
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216-B-lOA, 216-B-108, 216-B-llA&B, 216-8-12, 216-8-13, 216-8-14, 

216-8-15, 216-8-16, 216-8-17, 216-B-18, 216-8-19, 216-8-20, 216-8-21, 

216-8-22, 216-B-23, 216-B-24, 216-B-25, 216-8-26, 216-8-27, 216-8-28, 

216-8-29, 216-8-30, 216-B-31, 216-8-31, 216-8-32, 216-B-33, 216-8-34, 

216-8-35, 216-8-36, 216-B-37, 216-B-38, 216-8-40, 216-8-41, 216-8-42, 

216-8-43, 216-8-44, 216-8-45, 216-8-46, 216-B-47, 216-8-48, 216-8-49, 

216-8-50, 216-B-51, 216-8-52, 216-8-53A, 216-8-538, 216-8-54, 216-8-57 

216-8-58, 216-8-60, 216-C-l, 216-C-3, 216-C-4, 216-C-5, 216-C-6, 

216-C-8, 216-C-10, 218-E-l, 218-E-2, 218-E-2A, 218-E-3, 218-E-4, 

218-E-5, 218-E-SA, 218-E-6, 218-E-7, 218-E-8, 218-E-9, 218-E-12A, 

218-E-13, 218-E-14, 200 East Burning Pit, 200 East Construction Pit, 

216-N-l, 216-N-2, 216-N-3, 216-N-4, 216-N-5, 216~N-6, 216-N-7, 

216-S-1&2, 216-S-3, 216~S-4, 216-S-5, 216-S-6, 216-S-7, 216-S-8, 

216-S-9, 216-S-ll, 216-S-12, 216-S-13, 216-S-14, 216-S-15, 216-S-16?, 

216-S-160~ 216-S-17, 216-S-18, 216-S-20, 216-S-21, 216-S-22, 216-S-23 , 

216-T-2, 216-T-3, 216-T-4-l(D), 216-T-4-l(P), 216-T-4-2(0), 216-T-5, 

216-T-5, 216-T-6, 216-T-7, 216-T-8, 216-T-9, 216-T-10, 216-T-ll, 

216-T-12 , 216-T-13, 216-T-14, 216-T-15, 216-T-16, 216-1-17, 216-T-18, 

216-T-19, 216-T-20, 216-T-21, 216-T-22, 216-T-23, 216-T-24, 216-T-24, 

216-T-25, 216-T-26, 216-T-27, 216-T-28, 216-T-29, 216-T-30, 216-T-31, 

216-T-32, 216-T-33, 216-T-34, 216-T-35, 216-T-36, 216-U-1&2, 216-U-2, 

216-U-3, 216-U-4, 216-U-4A, 216-U-48, 216-U-5, 216-U-6, 216-U-7, 

216-U-8, 216-U-9, 216-U-11, 216-U-13, 216-U-15, 216-U-15, 216-Z-lA, 

216-Z-l(D), 216-Z-1&2, 216-Z-3, 216-Z-4, 216-Z-5, 216-Z-6, 216-Z-7, 

216-Z-8, 216-Z-9, 216-Z-10, 216-Z-11, 216-Z-12, 216-Z-16, 216-Z-17, 

FIGURE 1 (Continued) 
HRS COVER SHEET 
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216-Z-18, 218-W-l, 218-W-lA, 218-W-2, 218-W-3, 218-W-4A, 218-W-7, 

218-W-8, 218-W-9, 218-W-11, Non-Rad Burial Ground, 200-West Burning Pit 

Z-Plant Burnina Pit, 618-10, 618-11, P-11 Crib, 213 J and K Cribs, 

J. A. Jones No. 1, Original Central Landfill. The above 600 numbered 

sites were included in the 200 Area because they are located within the 

defined boundaries of the 200 Area. The ground water and surface water 

are the routes of major- concern. The individual sites listed above are 

either surface impoundments (i.e., trenches or ditches) or landfills 

(i.e., land disposal). The 200 Area is located approximately 20 miles 

north of the City of Richland. 

FIGURE 1 (Continued) 
HRS COVER SHEET 
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--------------------------------------------------------------------------HRS Ground Water Route Work Sheet 
================================= 

Site: U.S. DOE Hanford 200 Area 8/18/87 

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

===================================================-= .===-============-=--
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 
Permeability of the 0 1 0 3 
Unsaturated Zone 

Physical State 0 1 0 3 

3.1 

3.2 

------------------------------------------Total Route Characteristics Score 0 15 

3. Containment 0 1 0 3 3.3 

---------------------------------------------------------~-----~----------
4. Waste Characteristics 

Chemical 
a. Toxicity/Persistence 

Hazardous Waste Quantity 

Total Waste Characteristics Score 

18 
8 

1 
1 

18 
8 

26 

18 
8 

26 

3.4 

------------~-------------------------------------------------------------
5. Targets 

Ground Water Use 
Distance to Nearest Well/ 
Population Served 

Total Targets Score 

6. If line 1=45 (lx4x5) 

3 
30. 

3 
1 

9 
30 

39 

9 
40 

59 

3.5 

If line 1=0 (2x3x4x5) 45630 57330 
-------------------------------------------------------------------------l - ~~ 
~:-~~~=-~~:~::~_:_:~~--------~~!~~=----~~:=~---------------------------~-'{lP 
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--------------------------------------------------------------------------HRS Surface Water Route Work Sheet 
================================== 

Site: U.S. DOE Hanford 200 Area 8/18/87 

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

===============================================•============•============= 
1. Observed Release 45 1 45 45 4.1 
--------------------------------------------------------------------------·1f 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. 
--------------------------------------------------------------------------2. Route Characteristics 4.2 

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 
------------------------------------------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 

0 

18 
8 

3 
0 

40 

1 

1 
1 

3 
2 . 

1 

0 

0 

18 
8 

26 

9 
0 

40 

15 

3 

18 
8 

26 

9 
6 

40 

Total Targets Score 49 55 

4.3 

4.4 

4.5 

----------------------------------------------------------------~--------- 1 6. If 1 ine 1=45 (lx4x5) . \ \q, 
-__ :!_:~~=-==~-~ ~~=~~~=~ ----------------------=~==~---~~==~-~-----------111; t?\ 
7. Line 6/64350 * 100 Sc(sw)= 89.09 · 'f-' 
--------------------------------------------------------------------------
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--------------------------------------------------------------------------HRS Air Route Work Sheet 
•••••••==••••s&assaaacs: 

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

Rating Factor 
Assigned 
Value 

Multi- Max. 
plier Score Score 

Ref. 
(Section) 

====••================z============css:s:::::asc====••••••==sssaassa:::::: 

1. Observed Release 

Date and Location: 

0 1 0 45. 5 .1 

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

If observed release is given a score of 45, ·procee~to line 2. ·· 
If observed release is given a score of 0, the Sa=0. Enter ,on Line 5. 

2. Waste Characteristics 5.2 

a. Chemical 
Reactivity and 0 1 0 3 
Incompatibility 

Toxicity 0 3 0 9 
Hazardous ~aste Quantity 0 1 0 8 

Total Waste Characteristics Score 0 20 

3. Targets 5.3 

Population Within 4-Mile 0 1 0 30 
Radius 

Distance to Sensitive 0 2 0 6 
Environment 

Land Use 0 1 0 3 

------------------------------------------Total Targets Score 0 39 

4. Multiply 1 x 2 x 3 0 35100 

--------------------~--------------------------------------~-------------- \~i 
5~ Line 4/35100 ~ 100 Sc(a)s 0.00 · . \\ 111 {i -----------·---~----------------------------------------------------------- 1 .. . 
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Groundwater Route Score (Sgw) 79.59 

Surface Water Route Score (Sgw) 89.09 

Air Route Score (Sa) 0.00 

s2 + s2 + s2 -·gw sw a 

sz + sz + sz -
·gw sw a 

I 

sz + sz + sz 
·qw sw a I 1.73 =SM= 

FIGURE 10 
WORKSHEET FOR COMPUTING SM 

s2 
6334.57 

7937.03 

0.00 

14271.60 

119.46 

69.05 
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DOCUMENTATION ~ECORDS 
FOR 

HAZARD RANKING SYSTEM 

INSTRUMENTATIONS: As briefly as possible summarize the information you used 
to assign the score for each factor (e .g., uwaste quantity= 4,230 drums plus 
800 cubic yards of sludge"). The source of information 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 Site - 200 Area 

LOCATION: Hanford Site, Benton County, Washington 

DATE SCORED: August 18, 1987 

PERSON SCORING: R. D. Stenner, Pacific Northwest Laboratory for DOE 

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

The information was taken from Department of Energy documents and datab~ses 
associated with the ijanford site, as well as from other publicly available 
documents addressing conditions at or in the vicinity of the Hanford Site . 
Information was also gathered through telephone and personal communications 
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 was found 
sufficient for HRS scoring of the Hanford CERCLA sites. These constituents 
of interest dete·cted above bac_kground 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 of developing the scores for the aggregate 200 Area Site. 
These preliminary assessment efforts are documents in the uDraft Phase I 
Installation Assessment of Inactive Waste-Disposal Sites at Hanford" volumes ~ti'\ 
and respective addenda which are referenced throughout th-is package. • rjY IJ 

0~ \~~ ~ 
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GROUND WATER ROUTE 

1 OBSERVED RELEASE 

Contaminants detected (5 maximum): 

An observed release to the ground water from the 200 Area can be verified 
using several selected constituents. For the purpose of documenting observed 
release from the 200 Areas, five substances have been selected. These 
substances are tritium (H-3), iodine-129 (I-129), uranium (U), cyanide (CN-) 
and carbon tetrachloride (CCl4). The Hanford Ground Water Data Base lists 
carbon tetrachloride as tetrane. Five substances were selected for evidence 
of observed release due to the variety of chemical processes utiliJed within 
the 200 Area. Tritium and I-129 are included as indicators of maximum areal 
extent of contamination while uranium, cyanide and carbon tetrachloride are 
included to identify isolated contaminant plumes associated with individual 
processes. Comparison of background and down gradient concentrations can be· 
illustrated for each of the constituents selected. The following tables 
pres7nt the data f~r each of

1
thn constituents and their background and down 

grad1ent concentrat1ons. · · 

200 Area Concentrations for Tritium 

BACKGROUND DOWN GRADIENT 
Concentration Concentration 

Date Well {QCi/L} Date Well {QCi /L} 

2/4/86 6-25-55 -32o(a) 3/13/86 6-35-70 1,600,000 
2/4/86 6-37-43 22,000 
3/5/84 481 Bldg Tap 35,400 

(a) The negative v~lue means that the concentration is less than detection 
1 imit. 

200 Area Concentrations for Iodine-129 

BACKGROUND 
Concentration 

Date We 11 (QCi /L) 

5/29/86 6-25-55 0.000094 

2 

Date 

6/6/86 

DOWN GRADIENT 
Concentration 

Well {QCi/l) 

699-32-22 4.89 
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200 Area Concentrations· for Uranium 

Date 

2/3/87 

BACKGROUND 
Concentration 

Well (pCi/L) 

6-55-89 1.06 

DOWN GRADIENT 
Concentration 

Date Well (pCi/L) 

3/11/87 2-Wl9-3 
7/22/87 2-Wl9-9 

14,900 
2748 

200 Area Concentrations for Cyanide 

BACKGROUND DOWN GRADIENT 
Concentrat,on Concentration 

Date Well (eg/L) Date Well (£:g/lj 

3/25/87 6-51-75 < 10 3/19/87 6-50-53 405 

200 Area Concentrations for Carbon Tetrachloride 

BACKGROUND 
Concentrat,on 

· Date Well (eg/L) 

3/25/87 6-51-75 
2/4/87 6-25-55 

< 10 
< 10 

DOWN GRADIENT 
Concentration 

Date Well (£:g/L) 

3/16/87 2-wl0-4 2000 

Additional well locations have been identified .that contain these 
constituents, but further evidence of observed release is unnecessary. 

Reference 2., page 3.14; Reference 7, pages 92, 144,220, 229, 232, . 238, 248, 
252, 254, 259; Reference 8, 481 Bldg Tap Water Sample Report; Reference 22; 
Reference 23; Reference 24; Reference 25; Reference 26; Reference 27 

Rationale for attributing the contaminants to the facility: 

The rationale for attributing the five substances to the 2°00 Area requires a 
brief discussion of each constituent. Tritium and Iodine-129 are fission 
products that are released as a result of irradiated fuel reprocessing. Both 
of these constituents are highly mobile in .the Hanford environment and are 
used as indicators of extent of contamination. Localized uranium 
contamination in the 200 Area is due to the uranium recovery operation 
performed at U-Plant. Use of ferrocyanide, a complex cyanide compound, to 
precipitate cesium during uranium recovery operations has also been 
documented. Carbon tetrachloride was used in a solvent extraction process in 
the plutonium finishing plant. Spent solvent from the process was 
subsequently disposed of into adjacent facilities. The conc·entrations shown · 
in the above tables for down gradient wells are significantly higher than the rfl. 
concentrations s~own for the back ground wells. \~• 

Reference 2, page 3.18-3.20, Reference 1, page 2.20, 2.22-2.23, 3.10; \\l~l~ 
Reference 21, pages 637-638, 369-370 ·t-,, 

2a 
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2 ROUTE CHARACTERISTICS 

Depth to Aauifer of Concern 

Name/description of aquifer(s) of concern: 

The aquifer of concern is comprised of the unconfined aquifer and the 
Rattlesnake Ridge interbed. 

In general, the unconfined or water table aquifer is located in the Ringold 
Formation and glacio fluvial sediments known as the Hanford Formation, as 
well as some more recent alluvial sediments in areas adjacent to the Columbia 
River. It is bounded below 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 ring 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 wate~ 
table have a low permeability and act as a barrier to lateral flow of the 
ground w~ter. The saturated thickness of the unconfined aquifer is greater 
than 61 min some areas of the Hanford Site and pinches out along the flanks 
of the basalt anticlines . 

There is a series of confined aquifers in the interflow zones and interbeds 
between the dense basalt flows that underlie the sediments containing the 
unconfined aquifer. When postglacial flood waters and the ancestral Columbia 
River flowed between Gable Mountain and Gable Butte, which are part of the 
Umtanum-Gable anticline, portions of the Elephant Mountain basalt flows 
separating the unconfined or confined aquifers were eroded creating "windows" 
to the lower beds. Later the water table rose to levels exceeding the 
potentiometric surface of the upper confined aquifer, i . e. , the Rattlesnake 
Ridge aquifer. Thus, these erosional windows provide direct connection 
between the unconfined and Rattlesnake Ridge aquifers. In this area, the 
Rattlesnake Ridg~ interbed begins at 166 feet and ends at 216 feet below 
ground surface. Well 699-35-70, which has an observed release for tritium, 
has a first screened depth of 235 feet which is part of the aquifer of 
concern. 

Several other aquifers lie below the Rattlesnake Ridge interbed including the 
Selah, Cold Creek and Mabton. Borings in the Gable Mountain, Gable Battle 
area, which support the existence of the erosional windows, do not 
conclusively demonstrate whether other interbeds besides the Rattlesnake are 
connected to the unconfined aquifer. Although sampling of the confined 
aquifers shows that iodine 129 is present at depths of 1,400 feet below 
ground surface, the data supporting these findings are. insufficient to 
determine whether the iodine is present in the interbeds as a result of 
migration or as a result of contaminatio.n introduced during drilling. 
Therefore, further study is necessary to determine the degree of 
interconnection. 

Reference 2, page 2.1-2.7; Reference _13, page 3.13, Reference 31; 
Reference 35 · -

2b 
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Oepth(s) from the ground surface to the highest seasonal level of the 
saturated zone [water table(~)] of the aquifer of concern: 

Not applicable. 

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

Not applicable. 

2c 
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Net Precipitation 

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

Not applicable. 

Mean annual lake or seasonal evaporation (list D10nths for seasonal): 

Not applicable. 

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 applicable. 

4 WASTE CHARACTERISTICS 

Toxicity and Persistence 

Compound(s) evaluated: 

The 200 Area is used to process irradiated uranium fuel to recover plutonium. 
The area is also used to process and store waste generated during fuel 
processing. Substances associated with the .200 Area activities are: 

dibutyl butyl phosphonate 
nitric acid 
kerosene 
phosphates 
sulfuric acid 
fluoride 
sodium aluminate 
methyl isobutyl ketone (MIBK) 
aluminum fluoride nitrate 
calcium nitrate 
magnesium nitrate 
H-3 
Sr-90 
Cs~l37 
Pu-240 

tributyl phosphate 
sodium dichromate 
ammonium carbonate 
sodium oxalate 
ferrocyanide 
sodium silicate 
sodium nitrite 
ferrous sulfamate 
carbon tetrachloride 
aluminum nitrate 
ferric nitrate 
Co-60 
Ru-106 
Pu-239 
uranium 

Reference 1, pages 2.15-2.23: Reference 21, pages 213-662. (These pages from 
Reference 21 are not included. in the package. Please consult the referenced 
document using the list of individual sites listed on the cover sheet of this 
package for verification of which individual sites contain which substances.) 
Also, see Table 1. 

4 
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Compound w;th higbest score: 

Several of the constituents listed 
example: 

Constituent 

Plutonium-239 
Plutonium-240 
Uranium 
Sodium dichromate 

above are assigned scores 

Tox;city Persistence 

3 3 
3 3 
3 3 
3 3 

Reference 4, pages 794-797 ; Reference 40 •. 
I 

Hazardous Waste Quantity 

of 18. For 

Total Score 

18 
18 
18 
18 

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

The total waste quantity associated with the aggregate 200 Area is at least 
935,149,000 cubic yards. Table 1 presents the individual liquid sites that 
are located within the physical confines of the 200 Area fences and the 
associated data that were used ;n creating the aggregate 200 Area Site. 
Table 2 presents the solid waste sites located within the physical confines 
of the 200 Area fences and their associated data. Also presented in Table 2 
are several indiv;dual sites and their associated data that are physically 
located outside of the 200 Area fences, but located within the defined 
boundaries of the aggregated 200 Area Site. The total quantity of waste 
associated with the sites listed in Table 1 and Table 2 is 935,000,000 cubic 
yards and 149,000 cubic yards, respectively. 

References are listed in Tables 1 and 2 by waste site, Reference 37. 

Basis of estimating and/or computing waste quantity: 

The 200 Area is used to process irradiated uranium fuel for the recovery of 
plutonium. Additiona1ly the 200 Area is used to process and store waste. 
There are eight different operational areas within the aggregate 200 Area, 
PUREX Plant, B Plant, Semiworks and Critical Mass Laboratory, 200 North Area, 
RED0X Plant, T Plant, Plutonium Finishing Plant (PFP) (fonnally known as Z 
Plant). These eight operational areas are individually described below. 
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TABLE 1. Basis of Estimating and/or Computing Waste Quantity - 200 Areas 

EsUmated Volume No. of 
Area No. and Name Waste Types Years (l ite·rs) Cubic Yds References 

200 Area acidic process Process condensate 1952-1972 2,680,000,000 3,510,000 1, pages 8.15 
condensate disposal cribs, waste water containing and 8.17; 
216 series, Nos. A-5, nitric acid (pH"'2), 21, pages 219, 
A-15, C-1, C-6, C-10, H-3, Sr-90, Pu-239, 220, 235, 236, 
S-1 & 2, S-7, S-9, S-23 Cs-137, Co-60 and 401 , 402, 409, 
and U-8 (8 areas) U-238. 410, 465, 466, 

475, 476, 479, 
480, 505, 506, 
597, and 598 

200 Area Bismuth Phosphate First cycle waste 1953-1954 34,100,000 44,600 1, pages B.15 
Plant first cycle waste contained sodium and 8.17; 
trenches, 216 series, Nos. salts, fluoride, 21, pages 353-
B-35 through B-41, T-14 nitrate, sulfate 365, 535-542 and 
through T-17 and T-21 phosphate, aluminate 549-458 
through T-25 (16 cribs) and radionuclides, 

H-3, Sr-90, Pu-239, 
Cs-137, Co-60 and 
U-238. 

200 Area Bismuth Phosphate Second cycle and 224 1945-1955 299,000,000 391,000 1, pages 8.15 
Second Cycle and 224 Waste waste contained sodium and B.17; 
Cribs, 216 series, Nos. salts, fluoride, 21, pages 291, 
8-5, 8-7A and B, B-8, oxalate, nitrate, 292, 295, 296, 
T-3, T-5, T-6, T-7 and sulfate phosphate, 297, 298, 509, 
T-32 ammonium nitrate and 510, 517-522, 

radionuclides Sr-90, 571 and 572 
Pu-239, Cs-137, Co-60 

~ 
and U-238. 

~ 
~~ 

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

200 North Area basin water Fuel storage basin 1944-1952 2,870,000,000 3,760,000 21, pages 449-
ponds and cribs, 216 water containing 462 
series, Nos. N-1 through radionuclides Sr-90, 
N-7 (7 13reas) Pu-239, Cs-137 and 

U-238. 

200 Area scavenged TBP Scavenged TBP waste 1953-1958 167,000,000 219,000 1, pages B.15 
supernatant waste cribs contained sodium and B.17; 
and trenches, 216 series, salts, nitrate, 21, pages 311-
Nos. B-14 through 8-34, sulfate, ~hosphate, 352, 367-382, 
B-42 through B-49, B-51, and ferrocyanide and 385, 386, 387, 
B-52, T-18 and T-26 radionuclides H-3, 388, 543, 544, 
(33 areas). Sr-90, Pu-239, 559, 560 

Cs-137, Co-60 and 
U-238. 

200 Area tributyl Tributyl phosphate 1955-1966 682,000 893 1, pages B.15 
phosphate solvent waste sQlvent wastes and B·.17; 
cribs, 216 series, .Nos. contained tributyl 21, pages 215, 
A-2, A-7, A-31, C-4 and · phosphate and a 216, 223, 224, 
U-15 (5 cribs) paraffin hydrocarbon 263, 264, 405, 

solvent and 406, 605 and 606 
radionuclides Sr-90, 
Pu-239, Cs-137, Co-60 
and U-238. 
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Estimated Volume No. of 
Area No. and Name Waste T~Qes Years {liters} Cubic Yds References 

200 Area ammonia scrubber Ammonia scrubber and 1952-1973 667,000,000 873,000 · 1, pages B.15 
and alkaline condensate alkaline condensate and 8.17; 
waste cribs, 216 series, wastes contained 21, pages 273, 
_Nos. A~36A, B-12, B-50, ammonium nitrate 274, 307, 308, 
S-3, S-12 and S-21 (except S-3) and 383. 384, 483 
(6 cribs) radionuclides H-3, and 484. 

Sr-90, Pu-239, 
Cs-137, Co-60 and 
U-238. Wastes 
disposed to 216-S-3 
contained sodium salts 
of dichromate, 
nitrate, aluminate and 
hydroxide. 

200 Area analytical Laboratory waste 1945-1970 130,000,000 170,000 1, pages B.15 
laboratory liquid waste contained nitric acid and 8.17; 
cribs, 216 series, Nos. and sulfuric acid 21, pages 217, 
A-4, A-21, A-27, B-6, (neutralized with NaOH 218, 247, 248, 
8-lOA, T-2 and T-8 at 'A' cribs) and 259, 260, 293, 
(7 cribs) sodium dichromate. 294, 301, 302, 

Radionuclides include 507, 508, 523 
Sr-90, Pu-239, Cs-137, and 524. 
Co-60 and U-238. 
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Estimated Volume No. of 
Area No. and Name Waste Types Years (liters) Cubic Yds References 

200 Area steam condensate Steam condensate 1944-1979 98,600,000,000 129,000,000 1, pages B.15 
and/or cooling water and/or cooling water and B.17; 
disposal areas, 216 containing nitrate and 21, pages 227, 
series, i Nos. A-11, A-12, radionuclides H-3, 228, 229, 230, 
A-32 through A-35, A-40, -Sr-90, Pu-239, 265 through 272, 
S-5, S-6, S-16P, S-160, Cs-137, Co-60 and 277, 278, 471, 
S-17, T-4-1(0), T-4-l(P), U-238. 472, 473, 474, 
U-9, U-11, Z-1(0), Z-11, 491, 492, 493, 
T-4-2 (19 areas) 494, 495, 496, 

511, 512, 513, 
514, 599, 600, 
601, 602, 609, 
610, 629, 630, 
515, 516. 

200 Area Z Plant waste Z Plant waste water 1949-1973 499,000,000 653,000 1, page 8.17; 
water disposal areas, 216 · contained sodium 21, pages 607, 
series, Nos. Z-lA, nitrate, fluoride, and 608, 611, 612, 
Z-142, Z-3 and Z-12 radionuclides Pu-239, 613, 614, 631 
(4 areas) Sr-90, Cs-137 and and 632. 

U-138. 

--
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Estimated Volume No. of 
Area No. and Name Waste Ty~es Years {liters} Cubic Yds References 

200 Area plutonium Plutonium recovery 1955-1973 7,950,000 10,400 1, page B. 17; 
recovery plant waste water plant waste water 21, pages 625, 
cribs, 216-Z-9 and contains sodium salts, 626, 637 and 
216-Z-18. nitrate, sulfate, 639. 

aluminum fluoride 
nitrate, alu'minum 
nitrate, magnesium 
nitrate and calcium 
nitrate. The waste 
discharged to the 
216-Z-18 also con-
tained carbon tetra-
chloride, tributyl · 
chosphate and dibutyl 
utyl phosphorate. · 

Radionuclides include 
·pu-239 in both cribs 
and Sr-90, Cs-137, 
Co-60 and U-238 in 
216-Z-9. 

200 Area caustic waste Caustic waste water 1955-1969 2,430,000 3,180 1, page B .17; 
areas, 216-T-33, 216-T-36 containing sodium 21, pages 573, 
and 216-Z-8. hydroxide and 574, 579, 580, 

radionuclides Pu-239 623 and 624. 
in all three areas and 
Sr-90, Cs-137, Co-60 
and U-238 in 216-T-33 
and 216-T-36. 

--
~~ 
~~ 
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Area No. and Name Waste Types 

200 Area chemical sewer Chemical sewer dis-
areas, 216-8-21, 216-8-2-2 charged unknown 
and 216-S-11. quantities of chemi-

cals plus radio-
nuclides Sr-90, 
Pu-239, Cs-137 and 
U-238. 

200 Area cribs that 300 Area crib waste 
received 300 Area crib contained nitrate and 
waste, 216 series, Nos. radionuclides Sr-90, 
0-53A, B-538, 8-54, T-27, Pu-239, Cs-137, Co-60 
T-34 and T-35 (7 cribs) and U-238. 

200 Area A-Tank Farm A-Tank Farm condensate 
condensate crib, 216-A-24 -contained butyl 

~hosphates, paraffin 
ydrocarbon, ammonium 

carbonate and radio-
nuclides H-3, Sr-90, 
Pu-239, Cs-137, Co-60 
and U-238. 

i... .• : ~ .• 

Years 

1945-1965 

1962-1967 

1958-1966 

9/H Z') NO or;-z6 
l hi~ HQ,. (.,}_ -

Estimated Volume No. of 
(liters) Cubic Yds 

304,000,000,000 "398,000,000 

31,800,000 41,000 

820,000,000 1,020,000 

References 

1, pages B.15 
and B.17: 
21, pages 282, 
283, 284, 285, 
481 and 482. 

1, pages B.15 
and B. 17.: 
21, pages 389-
394, 561, 562, 
575, 576, 577 
and 578. 

1, page B.15: 
21, pages 255 
and 256. 



' 

I_ 

Area No. and Name 

200 Area Redox hexane
bearing wastes, 216-S-13 
and 216-S-14 

' 

200 Area, 221-U, 222-U and 
224-U liquid wastes 
disposed to 216-U-142 and 
216-U-4A cribs 

Waste Types 

Sodium hexane-bearing 
wastes containing 
methyl isobutyl ketone 
and radionuclides 
Sr-90, Pu-239, 
Cs-137, Co-60 and 
U-238. In addition to 
the above, waste 
disposed to 216-S-13 
contained aqueous 
sodium nitrate and 
sodium dichromate. 

U Area wastes 
containing sodium 
nitrate and sodium 
phosphate and 
radionuclides U-238, 
Sr-90, Cs-137, Co-60 
and Pu-239. Crib 
216-U-l & 2 also 
received sodium 
sulfate. 

Years 

1951-1972 

1951~1970 

4h 

Estimated Volume 
(liters) 

5,010,000 

160,000,000 

No. of 
Cubic Yds 

6,560 

209,000 

References 

1 , page B. 17; 
21, pages 485, 
486, 487 and 
488. 

1, page B.17; 
21, pages 581, 
582, 587 and 
588. 

· I 



Area No. and Name 

200 Area miscellaneous 
liquid wastes, 216 series, 
A-1, A-6, A-9, A-13, A-14, 
A-16, A-17, A-18, A-19, 
A-20, A-22, A-23A, A-23B, 
A-26A, A-28, A-39, A-41, 
8-3-1, B-3-2, B-4, B-9, 
B-108, B-llA & B, B-13, 
8-57, C-3, C-5, C-8, S-4, 
S-8, S-15, S-18, S-20, 
S-22, T-9, T-10, T-11, 
T-12, T-13, T-20, T-28, 
T-29, T-30, U-3, U-4, 
U-4B, U-5, U-6, U-7, 
U-13, Z-4, Z-5, Z-6, 
Z-10, Z-16, Z-17 
(55. areas) 

Waste Types 

Miscellaneous waste
waters containing 
nitrate and radio
nuclides Sr-90, 
Pu-239, Cs-137, 
Co-60, and U-238. In 
addition, areas 
216-A-9. 216-S-4. and 
216-T-30 received H-3 . 

Years 

1945-1979 

4i 

Estimated Volume 
(liters) 

303,000,000,000 

No. of 
Cubic Yds 

397,000,000 

TOTAL 935,000,000 yd3 

References 

1, pages B.15 
and B.17; 
21, pages 213, 
214, 221, 222, 
225, 226, 231-
234, 237-246, 
249-258, 261, 
262, 275, 276, 
279·, 280 I 285-
290, 299,300, 
303-306, 309, 
310, 395, 396, 
403, 404, 407, 
408, 411, 412, 
469, 470, 477, 
478, 489, 490, 
497-500, 503, 
504, .. 525-534, 
547, 548, 563-
570, 583-586, 
589-596, 603, 
604, 615-620, 
627, 628 and 
633-636. 
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TABLE 2. Basis of Estimating and/or Computing Waste Quantity - 200 Areas 

Area No. and Name · 

200 Area dry waste burial 
site, 218 series, Nos. 
E-1, E-2, E-3, E-5, E-6, 
E-7, E-8, E-12A, W-1, W-2, 
W-3, W-4A, W-7 and W-8 

200 Area regulated 
equipment burial site, 218 
series, Nos. E-2A, E-SA, 
E-9, E-14, W-lA, W-9 and 
W-11 

200 Area repatr and 
construction waste burial 
sites 218-E-4 and 
218-E-13. 

Waste Types 

Dry waste containing 
radionuclides Sr-90, 
Pu-239, Cs-137 and 
U-238. 

Discarded process 
equipment containing 
radionuclides SR-90, 
Pu-239, Cs-137 and 
U-235. 

Repair and 
construction waste 
containing 
radionuclides SR-90, 
Pu-239, Cs-137 and 
U-238. 

Years 

1944-1968 

1944-1964 

1955-1966 

4j 

Estimated Volume 
(ft3) 

2,960,000 

960,000 

58,400 

No. of 
Cubic Yds 

110,000 

36,000 

2,200 

References 

1, pages B.15 
and B.17: 
21, pages 415-
418, 421, 422, 
425, 426, 429-
434, 437, 438, 
639, 640, 643-
652. 
5, Section 
I NW: and 6. 

1, pages B.15 
and B.17: 
21, pages 419, 
420, 427, 428, 
435 I 436 I 441 I 

442, 639, 640, 
653, 654, 655 
and 565; 
5, Sections I 
NW~ I SE; and 6. 

1, pages B.17; 
21, pages 423, 
424, 439 and 
440: 
5, Section I NW. 



Estimated Volume No. of 
Area No. and Name Waste T~(!eS Years {ft3} Cubic Yds References 

200 Area burning pits 200E and 200W received 1950-1970 21,500 800 1, pages 8.15 
200E, 200W, and Z Plant construction and and B.17; 

office wastes plus 21, pages 443, 
paint waste and 444, 659, 660, 
chemical solvents. 661 and 662 
Z Plant received 
office ~nd laboratory 
waste. 

200 Area nonradioactive Construction pit 1945-1955 No data No data 1, pages B.15 
repair and construction received broken and B .17; 
waste burial sites, concrete and the 21, pages 445, 
construction pit and nonradioactive burial 446 657 and 658. 
nonradioactive burial ground received 
ground unusable plumbing 

materials. No 
radioactive waste was 
deliberately buried at 
these si t es. 

600 Area dry waste burial Ory waste containing 1953-1967 No data No data 1, page 8.21; 
sites 618-10 and 618-11 Sr-90, Pu-239, Cs-137 21, pages 693-

and U-238 696. 

P-11 crib Waste water containing 1951-1951 No data No data 1, page 8.21; 
Pu-239. Site has been 21, pages 701 
exhumed. and 702. 

213 J and K cri ~s Drainage from 1944-1950 No data No data 1, page 8.21; 
plutonium storage 21, pages 703-
vaults. tlo Pu-239 had 704. 
been detected in 
piping. Cribs - exhumed. -~~- - 4k 

~~ 



Area No. and Name 

Miscellaneous 
nonradioactive burial 
sites, J. A. Jones No. 1 
and Original Central 
Landf i 11 

' ' 

Waste Types Years 

Miscellaneous 1973-1979 
nonradioactive wastes. 
No known chemical 
disposal. 

41 

Estimated Volume 
(ft3) 

Unknown 
quantity. 

No. of 
Cubic Yds 

Unknown 
quantity. 

TOTAL 149,000 

References 

1, page B.21; 
21, pages 705, 
706, 711 and 
712. 
38, pages 1 
and 2 
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PUREX Plant. The Plutonium URanium EXtraction (PUREX) Plant is the most 
recently constructed of the irradiated-fuel processing plants. Constructed 
between April 1953 and October 1955, the PUREX Plant took over fuel
processing operations from the REDuction OXidation (REDOX) Plant. The PUREX 
Plant was operated from 1956 to~72; in 1972 it was placed in operational 
standby mode. Plant operations were resumed in 1983. 

At this facility, uranium, plutonium, and neptunium are separated from 
fission products found in the production reactors• irradiated uranium fuel. 
The process steps involve fuel-element decladding, uranium metal dissolution, 
solvent extraction, ion exchange, and product loadout. 

Zirconium cladding on fuel elements is removed in an anmonium fluoride
ammonium nitrate (AFAN) solution. Ammonium fluoride reacts with the 
zirconium, resulting in a soluble zirconium compound. The amnonia and 
hydrogen evolved during decladding present a potential combustion hazard. 
Therefore, hydrogen is converted to ammonia by reaction w.ith ammonium nitrate 
present in the AFAN solution. The dissolver solution is then processed to 
remove plutonium and uranium that dissolved with the cladding. Gas released 
from the dissolver is treated to remove iodine in a silver reactor, is acid
adsorbed, and is only then released to the atmosphere. The off-gases are 
treated with hydrogen peroxide to remove nitrogen oxides before being 
released to the atmosphere. 

Declad fuel elements are dissolved in nitric acid for the solvent extraction 
processes. · An organic solvent is used to separate the uranium, plutonium, 
and neptunium from associated fission products and from each other. The 
organic solvent used in a series of extraction and stripping operations is a 
30% solution of tributyl phosphate in a normal paraffin hydrocarbon 
(kerosene) diluent. 

The first extraction cycle separates ·the bulk of the fission products from 
the plutonium, uranium, and neptunium; the fission products remain in the 
aqueous phase. The organic phase is sent to the partitioning cycle where the 
plutonium is partitioned from the uranium and neptunium. · The plutonium 
stream is routed through two additional solvent-extraction cycles for further 
purification. After purification, the plutonium stream -is concentrated. 

From 1956 to 1972, the concentrated plutoriium nitrate solution was sent to 
the plutonium finishing operations located in the 200-West Area. When the 
PUREX Plant resumed operations in 1983, an additional facility was added that 
produced plutonium oxide from the plutonium nitrate.--· . 

The other stream from the partition cycle, which bears the neptunium and 
uranium, is routed to the final uranium cycle where neptunium is separated. 
The aqueous neptunium stream is sent to the back-cycle waste system for 
concentration and recycling to the solvent-extraction column. The uranium 
stream is routed to a column that strips the uranium from the organic stream 
with an aqueous nitric acid solution; concentration of the aqueou~ solution 
follows. The uranium product, uranyl nitrate hexahydrate ·(UNH), is then 
stored in tanks until it is shipped to the U03 plant in the 200-West Area. \i~ 
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A portion of the concentrated neptunium solution from the final uranium cycle 
is sent to the neptunium recovery and purification cycle. In this cycle, 
neptunium is separated from the uranium, plutonium, and the remaining fission 
products in the neptunium stream. This separation is accomplished by a 
series of extractions and ion-exchange columns. The plutonium and uranium 
fractions are recycled to the back-cycle waste system and partitioning cycle, 
respectively. 

Supporting process systems include organic solvent decontamination and 
recovery, nitric acid recovery, and waste concentration and recovery. 

B Plant. The B Plant, one of the original fuels-separation facilities, was 
constructed between August 1943 and February 1945; it was operated until 
1952. The plant used the bismuth phosphate process to separate plutonium 
from irradiated uranium fuel. This process produced~ very dilute waste 
stream that contained the uranium and most of the fission products from-the 
fuel elements. Unlike the PUREX process, the bismuth phosphate process 
separated plutonium from uranium and fission products by precipitating the 
plutonium onto a bismuth phosphate carrier. 

The uranium fuel elements processed by the bismuth phosphate process were 
jacketed with aluminum. These jackets were removed in a sodium hydroxide
sodium nitrate (NaOH-NaN03) solution, with the NaN03 acting as a hydrogen 
scavenger. Some of the silicon used as a binder in the fuel elements was 
dissolved during jacket removal. This operation produced sodium silicate, 
sodium aluminata, and sodium nitrite. 

After jacket removal, the fuel elements were dissolved in nitric acid; 
sulfuric acid was then added to complex the uranium. Compl~xing of uranium 
prevented it from being precipitated as uranyl phosphate during later 
plutonium precipitation . . The metal solution was pre-treated with sodium 
nitrite to oxidize or reduce plutonium to the correct state for 
precipitation. Bismuth phosphate was then added to the metal solution and 
the resulting slurry was centrifuged. The solid cake was redissolved in 
nitric acid for further decontamination of the plutonium. 

The decontamination involved several dissolutions and subsequent 
precipitations of plutonium. · Sodium bismuthate and sodium dichromate were 
used as oxidizing agents, and sodium nitrite or oxalic acid was used as a 
reducing agent during the plutonium decontamination. The final plutonium 
precipitate was washed with ammonium nitrate. 

The next process involved transferring the plutonium from the bismuth 
phosphate carrier to a lanthanum fluoride carrier. Hydrofluoric .acid was 
used to acidify the transfer solution and cause lanthanum fluoride to 
precipitate, carrying the plutonium with it. Potassium hydroxide was used to 
change the lanthanum precipitate into a soluble compound; then the 
precipitate was dissolved in nitric acid. 

The plutonium was then reduced using ammonium sulphate and precipitated as.a 
peroxide by the addition of hydrogen peroxide. The plutonium peroxide was 
dissolved into nitric acid. This solution was concentrated to produce the~ 
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final plutonium nitrate product, which was originally shipped off site for 
conversion to plutonium oxide or plutonium metal. . 

In 1968, the B Plant was converted to a waste-fractionization plant as part 
of a program to solidify high-level waste. The B Plant now functions to 
remove cesium and strontium from PUREX current acid waste and from high-level 
supernatant liquids, as well as sludges from self-boiling liquid waste. 

The solids are removed from the current acid waste and treated for strontium 
removal, and the liquid is treated with phosphotungstic acid to precipitate 
the cesium. The supernatant liquid is sent to a series of solvent extraction 
columns, similar to those used at the PUREX Plant, to remove and purify any 

· remaining strontium. The cesium precipitate is redissolved in sodium 
hydroxide and treated in _ion exchange columns for further purification. 
Liquid from stored waste is treated the same as current acid waste, except 
that the solids have already separated in the storage tanks •. Sludge from the 
storage tanks and solids from current acid waste are dissolved in an acid 
solution and sent to the solvent-extraction columns for strontium. removal. 

Cesium solutions are converted to cesium chloride by the addition of 
hydrochloric acid. The liquid is evaporated to yield solid cesium chloride. 
This solid is encapsulated in Hasteloy cylinders and stored in an underwater 
storage basin at B Plant. 

Strontium is precipitated as strontium fluoride by the addition of sodium 
fluoride. The strontium fluoride is filtered, dried, and encapsulated in 
Hasteloy cylinders. These cylinders, like the cesium cylinders, are stored 
in an underwater storage basin at B Plant. 

Semiworks a.nd Critical Mass Laboratory. The Semiworks was built in 1949 as a 
pilot plant for the REDOX Process;· it was later converted to pilot the PUREX 
process. The Semiworks originally operated from 1952 to 1957. In 1960, the 
Semiworks was reactivated and equipped for the processing and loadout of 
fission products; it then operated as both a production and a process 
demonstration pilot project for converting the B Plant to a waste
partitioning facility. In 1967, the Semiworks was shut down, and it is now 
being decontaminated and decommissioned. Chemical processes at this facility 
were similar to those at the REDOX and PUREX plants. 

At the Critical Mass Laboratory, research focuses on the criticality safety 
of plutonium in various forms and combinations with other elements. The 
resulting data are used to verify analytical methods that predict criticality 
safety for plutonium in various fuel cycles. 

200 North Area. The 200 North Area was built for the ageing of •green" fuel 
(recently irradiated fuel) to allow for the decay of short lived 
radionuclides before processing the fuel. Irradiated fuel was stored in 
water basins while the decay process was proceeding. The area was only used 
during the first several years of operations, when it was discovered that the 
required fuel ageing time was much shorter than originally predicted. This 
discovery allowed the use of the 200 Area to be discontinued in 1952. 
Several of the sites within the 200 North Area only received waste during thft7l 
pre-retirement cleaning of the basins actually used to store fuel. \ z,l~ 
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200-West Area Plants 

u Plant. Although the U Plant (constructed between 1943 and 1944) was one of 
the three original fuels-separation facilities designed to use the bismuth 
phosphate process, it was never used for that purpose. 

Uranium was not recovered by the bismuth phosphate extraction of plutonium 
from irradiated fuel. However, the later-developed REDOX and PUREX processes 
recovered the uranium, which still had economic value~ Following startup of 
the REDOX Plant, the U Plant was converted to recover the uranium from stored 
radioactive waste. From 1952 to 1958, stored waste was transferred to the U 
Plant for uranium recovery. The resultant sludge was dissolved in nitric 
acid, and then the uranium was extracted using tributyl phosphate in a normal 
paraffin diluent. This process left the fission products, sulfate, and 
phosphate ions in the aqueous acid solution. The uranium was then stripped 
from the organic solvent with nitric acid. This nitric acid solution was 
concentrated and sent to the uranium oxide process. 

Although the uranium recovery processing is no longer going _on, the adjacent 
uranium oxide plant is still operational. This plant received uranyl nitrate 
solution from the recovery process and from the REDOX Plant and calcined it 
to uranium trioxide. The uranium oxide plant now processes the product 
uranium from the PUREX Plant. Nitric acid is recycled to the PUREX proce~s 
as a by-product of the calcination process. The uranium trioxide is shipped 
offsite for use as nuclear fuel. 

REDOX Plant. The REDOX process for fuels separation succeeded the bismuth 
phosphate process and preceded the PUREX process. The REDOX Plant was 
constructed from May 1950 to August 1951; it operated until it_ was shut d_own 
in July 1967. An analytical laboratory near the facility is still 
operational. This laboratory supports 8-Plant operations and performs 
research and development in support of waste management and environmental 
control operations. The laboratory also functions as a backup laboratory to 
the PUREX and Z-Plant analytical laboratories. 

The REDOX Plant used a solvent extraction process to separate uranium and 
plutonium from fission products and each other. Methyl isobutyl ketone . 
(MIBK) was the organic solvent that was used. 

The fuel elements were prepared for nitric acid dissolution using the methods 
from the bismuth phosphate process. Sodium dichromate was added to the 
nitric acid solvent to oxidize plutonium to a state suitable for organic 
extraction. 

Aluminum nitrate was added to the acid solution as a salting agent for the 
first extraction column. This salting agent caused the uranium and plutonium 
to be preferentially extracted by MIBK, leaving the fission products in the 
aqueous phase. In a second extraction column, a reducing agent was added to 
the aqueous phase to reduce the plutonium so that it would be removed from 
the uranium and extracted into the aqueous phase. The organic uranium 
solution and. the aqueous-plutonium solution were then processed separately{ft 
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purified further, and concentrated into their respective products; urani"um 
nitrate hexahydrate (UNH) and plutonium nitrate. The plutonium nitrate was 
sent to the Z Plant for processing into plutonium oxide or plutonium metal. 
The UNH was sent to the uranium oxide plant. 

The organic solvent was treated for recycling by _removing decomposition 
products and by further decontamination. Aqueous streams were concentrated, 
then the aluminum nitrate was converted'to sodium aluminate by sodium 
hydroxide before disposal. 

T Plant. The T Plant was one of the original bismuth phosphate fuels
separation facilities; it was constructed from June 1943 to October 1944 and 
operated for the bismuth phosphate process from 1944 to 1956. Since 1956, 
facilities in the T Plant have been used for decontamination and equipment 
repair. 

Z Plant. Constructed in 1949, the Z Plant was the site of the plutonium 
laboratory and finishing operations, including the processing of plutonium 
scrap materials and preparation of plutonium products. The plutonium parts 
preparation ceased in December 1965. A process known as urecouplex 11 was 
operated at the plant from 1955 to 1962 to recover plutonium from scrap and 
produce a plutonium nitrate solution. The Plutonium Reclamation Facility 
began operations in 1964 to perform the functions of the recouplex process. 

The recouplex process used nitric acid and hydrofluoric acid to dissolve 
solids and a tributyl phosphate-carbon tetrachloride solvent extraction 
process for recovery of purified plutonium nitrate solutions. Aluminum 
nitrate was used to salt the aqueous streams for selective extraction of 
plutonium and to create complexed fluoride ions as aluminum fluoroxide 
nitrate ·to prevent their interference during plutonium extraction. Americium 
was also recovered in the Plutonium Reprocessing Facility using dibutyl butyl 
phosphonate (DBBP) in a carbon tetrachloride diluent. The DBBP has 
subsequently been replaced with tributyl phosphate. 

The Plutonium Processing Facility converts plutonium nitrate to plutonium 
oxide and then to plutonium metal, if metal is the desired product. The 
plutonium oxide is made by precipitating the plutonium as plutonium oxalate 
and then calcining the precipitate. To produce metal, the plutonium oxide is 
first converted to pluto·nium fluoride. The fluoride is placed in an iron 
can, w~ich is placed in a magnesium oxide crucible with calcium metal. A 
reducing charge is applied to the crucible to reduce the plutonium fluoride 
to plutonium metal, which is then molded into a button. The remaining iron, 
calcium, and magnesium are dissolved in ·nitric acid for disposal. 

Reference 1, pages 2.15-2.23, Reference 21, pages 449-462. 
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5 TARGETS 

Ground Water Use 

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

The aquifer of concern, within three miles of the facility, supplies drinking 
water at the Fast Flux Test Facility (FFTF). Across the Columbia River, 
within three miles of the 200 Area defined boundary {disposal sites and 
contaminant plume), there are 17 wells in the aquifer of concern These wells 
consist of 14 private wells and 3 co11111unity wells. The three wells at FFTF 
are 294 ft deep, 399 ft deep, and 400 ft deep. These wells are screened at 
188 to 281 ft, 221 to 396, and 360 to 390 ft (new deeper well) respectively. 
The across-river private wells vary in depth and screened intervals. No data 
was available concerning the depth and screen intervals of the private wells, 
however it was assumed that these wells were completed into the unconfined 
aquifer. The across-river community wells are the Eppich Water System~ 
Cypress Gardens School well, and Rio Vista Orchards well. The wells are 88 
ft deep, 160 ft deep, and 80 ft deep, respectively. Since these wells are 
all located in very remote locations, there is no municipal water from 
alternate unthreatened sources presently available. 

Reference 7, pg 178; Reference 8, pg 43; Reference 2, pgs 4.7 and 3.19; 
Reference 9; Reference 10; Reference 11, Reference 36. 

Distance to Nearest Well 

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

The nearest wells drawing water from the aquifer of concern are located at 
the Fast Flux Test Facility (FFTF) which is located with in the 200 Area 
plume. 

Reference 8; Reference 2, pg. 3.19. 

Distance to above well or building: 

The water supply wells at the FFTF draws water from the aquifer of concern 
within the defined boundary of the 200 Area. Sampling of tap water draining 
from these wells, which are interconnected, have shown contamination. 
Therefore, the distance to the nearest well is zero feet. 

Reference 2, pg 3.19; Reference 8, pg 43 and 481 Bldg Tap Water Sample 
Report. 

Population Served by Ground Water Wells Within a 3-Hile Radius _ 

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

The water supply wells at the FFTF supply drinking water for the work fo~c~\~~ 
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at the facility which numbers 2420 people. Assuming that each across-river 
private well supplies drinking water to 3.8 people per well, 53.2 people are 
served by these wells . The 3 community wells, the Eppich Water System, the 
Cypress Garden School well, and the Rio Vista Orchards well serve 12 
permanent residents and 8 migrant farm worker residents, 12 permanent 
residents, and 8 permanent residents, respectively. 

Reference 10; Reference 11; Reference 12, pg 3. 

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

There are no documented wells (within three miles of the site) used for 
irrigation . All irrigated farm land within 3 miles of the defined boundary 
of the 200 Area are supplied from either the Columbia River or from the · 
Columbia Basin irrigation project. 

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

There is a total of 2513.2 (2420 + 53.2 + 40} people served by the aqui-fer of 
concern within three miles of the 200 Area's defined boundary. This total 
includes workers, permanent residents, and migrant farm worker residents. 

Reference 12 pg 3; Reference 10, Reference 11. 
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SURFACE WATER ROUTE 

1 OBSERVED RELEASE 

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

Tritium and iodine-129 were used to verify observed release and define the 
maximum extent of contamination in surface water. Evidence of observed 
release can be established by comparison of upstream and down stream 
concentrations of tritium and iodine-129. River bank springs monitoring and 
localized Columbia River sampling can be used to verify observed release by 
demonstrating that contaminants are entering the river in this area. The 
following two tables present ·upstream and downstream concentrations for 
iodine-129 and tritium for 1983 (same period as the spring sampling) and 
1986. 

Date 
1/22/83 
10/7/86 

Date 
Various 
9/11/83 

200 Area Concentrations for Iodine-129 

BACKGROUND 
Sct"',lc. 
Point 

27.0 RW 
Prst Rap 

Concentration 
{pCi /L} 

3.3E-6 ± 1.4E-6 
l.04E-5 ± l.29E-6 

Date 
10/7/86 
1/22/83 
Springs 
9/11/83 
9/11/83 
9/11/83 
9/11/83 

DOWN GRADIENT 
ScL"'plc.. . 
Point 

312 Intk 
29.0 RW 

27-l Spg 
28-2 -Spg 
31-5 Spg 
32-0 Spg 

Concentration 
{pCi /L) 

l .61E-4 ± l.45E-5 
6.3E-5 ± 5.0E-6 

l.6E-4 ± 2.lE-5 
6.2E-2 ± 6.8E-3 
3.0E-5 ± 4.0E-6 
4.4E-5 ± 2.7E-5 

200 Area Concentrations for Tritium 

BACKGROUND 
So"'''' Concentration 
Point {pCi/L) 

Prst Rap Mean• 119(a) 
27.0 RW 107 ± 201 

Date 
9/11/83 
Various · 
Spring 
9/11/83 

DOWN GRADIENT 
S:C-pl(. Concentration 
Point {pCi/l) 
28.0 RW 60600 ± 761 
Rich Intk Mean - 1ss{a) 

28-2 Spg 110000 t 995 

(a) Comparison of the 75 downstream samples (mean• 165, standard deviation 
• 160) to the 75 upstream samples (mean• 119, standard deviation• 108) 
using a one-tailed T-Test, indicated that there i's a 95% probability 
that the downstream sample mean is significantly higher than the 
upstream. In additi~n, statistical analyses performed by DOE in 1985 
and 1986 of upstream-downstream sampling data showed similar results. 
It is concluded, therefore, that an observed release of tritium has 
occurred at least as far downstream as the Richland intake. 

Reference 2, Reference 3, page 17, A.5, B.3, C.6-C.7; 
25; Reference 28; Reference 30, Reference 39. 

6 

Reference 23; Reference 

,\,i\''\i 
,~t 



Rationale for attributing the contaminants to the facility: 

Tritium and Iodine-129 are products of the rission process that are released 
as a result of irradiated fuel reprocessing. Thus, both of these 
constituents are found in certain waste disposed of into the 200 Area. Both 
of these constituents are highly mobile in the Hanford environment and are 
used as indicators of extent of contamination. The downgradient samples 
showed significant increases in contaminant concentrations above those found 

· in the b?ckground samples. In addition, spring water contaminated with these 
elements can be shown to discharge into the river. 

Reference 2, pages 3.18-3.20; Reference 1, page 3.10 

2 ROUTE CHARACTERISTICS 

Facility Slope and Intervening Terrain 

Average slope of facility in percent: 

Not applicable. 

Name/description of nearest down slope surface water: 

The Columbia River, which originates in the mountains of eastern British 
Co 1 umbi a, Canada, flows through the northern edge of the Hanford Site and 
forms .part. of the Hanford Site's eastern boundary. The river 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 along the Columbia River. 

The flow rate of the Columbia River in this region is regulated primarily 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. Typical daily 
flows range from 1,000 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 \~i 
mean flows typically peak from April through June and are at the lowest \~ 
levels from September through October. _ \ \\v .,:'.l 
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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 Verni ta. and 5 feet at Hanford. 

Reference 2, page 2.1; Reference 13, page 11.3-13. 

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? 

u-; Not applicable. 
C''-.1 
c::, 

,; 
o::l 
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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 200 Area is used to process irradiated uranium fuel to recover plutonium. 
The area is also used to process and store waste generated during fuel 
processing. Substances associated with the 200 Area activities are: 

dibutly butyl phosphonate 
nitric acid 
!cerosene 
butyl phosphates 
sulfuric acid 
fluoride 
sodium aluminate· 
methyl isobutyl ketone (MIBK) 
aluminum fluoride nitrate 
calcium nitrate 
magnesium nitrate 
H-3 
Sr-90 
cs.:.137 
Pu-240 

tributyl phosphate 
sodium dichromate 
ammonium carbonate 
sodium oxalate 
ferrocyanide 
sodium si 1 icate 
sodium nitrite 
ferrous sulfamate 
carbon tetrachloride 
aluminum nitrate 
ferric nitrate 
Co-60 
Ru-106 
Pu-239 
uranium 

Reference 1, pgs. 2.15-2.23; Reference 21, pgs.213-662. Also, see Table 1. 

Compound with highest score: , 

Several of the constituents listed above are assigned scores of 18. F~r 
example: 

Constituent Toxicity Persistence 

Plutonium-239 3 3 
Plutonium-240 3 3 
Uranium 3 3 
Sodium dichromate 3 3 

Reference 4, pgs. 794-797. Reference 4o. 
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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 waste quantity associated with the aggregate 200 Area is at least 
935,149,000 cubic yards. Table 1 presents the individual liquid sites that 
are located within the physical confines of the 200 Area fences and the 
associated data that were used in creating the aggregate 200 Area Site. 
Table 2 presents the solid waste sites located within the physical confines 
of the 200 Area fences and their associated data. Also presented in Table 2 
are several individual sites and their associated data that are physically 
located outside of the 200 Area fences, but located within the defined 
boundaries of the aggregated 200 Area Site. The total quantity of waste 
associated with the sites listed in Table 1 and Table 2 is 935,000,000 cubic 
yards and 149,000 cubic yards, respectively. -

References are listed in Tables 1 and 2 by waste site; Reference 37. 

Basis of estimating and/or computing waste quantity: 

The ground water seeps into the surface water at springs along the Columbia 
· River; therefore, hazardous waste quantities reported for ground water are 
also applicable to surface water. 

Reference 8, pg 43. 

The 200 Area is used to process irradiated uranium fuel for the recovery of 
plutonium. Additionally the 200 Area is used to process and store waste. In 
compiling the inventory for the 200 Area, 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. There are eight different operational 
areas within the aggregate 200 Area, PUREX Plant, B Plant, Semiworks and 
Critical Mass Laboratory, 200 North Area, RED0X Plant, T Plant, Plutonium 
Finishing Plant (PFP) (formally known as Z Plant). These eight operational 
areas are individually described below. 
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TABLE 1. Basis of Estimating and/or Computing Waste Quantity - 200 Areas 

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

200 Area acidic process Process condensate 1952-1972 2,680,000,000 3,510,000 1, pages B.15 
condensate disposal cribs, waste water containing and B.17; 
216 series, Nos. A-5, nitric acid (plf"2), 21, pages 219, 
A-15, C-1, C-6, C-10, H-3, Sr-90, Pu-239, 220, 235, 236, 
S-1 & 2, S-7, S-9, S-23 Cs-137, Co-60 and 401, 402, 409, 
and U-8 (8 areas) U-238. 410, 465, 466, 

475, 476, 479, 
480, 505, 506, 
597, and 598 

200 Area Bismuth Phosphate First cycle waste 1953-1954 34,100,000 44,600 1, pages B.15 
Plant first cycle waste contained sodium and B .17: 
trenches, 216 series, Nos. salts, fluoride, 21, pages 353-
B-35 through B-41, T-14 nitrate, sulfate 365, 535-542 and 
through T-17 and T-21 · phosphate, aluminate 549-458 
through T-25 (16 cribs} and radionuclides, 

H-3, Sr-90, Pu-239, 
Cs-137, Co-60 and 
U-238. 

200 Area Bismuth Phosphate Second cycle and 224 1945-1955 299,000,000 391,000 1, pages B.15 
Second Cycle and 224 Waste waste contained sodium and 8.17; 
Cribs, 216 series, Nos. salts, fluoride, 21, pages 291, 
B-5, B-7A and B, 8-8, oxalate, nitrate, 292, 295, 296, 
T-3, T-5, T-6, T-7 and sulfate phosphate, 297, 298, 509, 
T-32 ammonium nitrate and 510, 517-522, 

radionuclides Sr-90, 571 and 572 
Pu-239, Cs-137, Co-60 
and U-238. --
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Estimated Volume No. of 
Area No. and Name Waste Types Years (liters) Cubic Yds References 

200 North Area basin water Fuel storage basin 1944-1952 2,870,000,000 3,760,000 1, pages 449-
ponds and cribs, 216 water containing 462 
series,: Nos. N-1 through radionuclides Sr-90, 
11-7 (7 areas) Pu-239, Cs-137 and 

U-238. 

200 Area scavenged TBP Scavenged TBP waste 1953-1958 . 16 7 I 000 t 000 219,000 1, pages 8.15 
supernatant waste cribs contained sodium and B.17; 
and trenches, 216 series, salts, nitrate, 21, pages 311-
Hos. B-14 through B-34, sulfate, phosphate, 352, 367-382, 
8~42 through B-49, 8-51, and ferrocyanide and 385, 386, 387, 
8-52, T-18 and T-26 radionuclides U-3, 388, 543, 544, 
(33 areas). Sr-90, Pu-239, 559, 560 

Cs-137, Co-60 and 
U-238. 

200 Area tributyl Tributyl phosphate 1955-1966 682,000 893 1, pages B.15 
phosphate solvent waste solvent wastes and 8·.17; 
cribs, 216 series, Nos. contained tributyl 21, pages 215, 
A-2, A-7, A-31, C-4 and phosphate and a 2i6, 223, 224, 
U-15 (5 cribs) paraffin hydrocarbon 263, 264, 405, 

solvent and 406, 605 and 606 
radionuclides Sr-90, 
Pu-239, Cs-137, Co-60 
and U-238. 

I • 
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Estimated Volume No. of 

Area No. and Name Waste Types Years (liters) ~bic Yds References 

200 Area ammonia scrubber Arrmonia scrubber and 1952-1973 667,000,000 873,000 1, pages B.15 

and alkaline condensate alkaline condensate 
and B.17; 

waste cribs, 216 series, wastes contained 
21, pages 273, 

Nos. A-36A, 8-12, 8-50, ammonium nitrate 
274, 307, 308, 

S-3, S-12 and S-21 {except S-3} and 
383. 384, 483 

(6 cribs) radionuclides H-3, 
and 484. 

Sr-90, Pu-239, 
Cs-137, Co-60 and 
U-238, Wastes 
disposed to 216-S-3 
contained sodium salts 
of dichromate, 
nitrate, aluminate and 
hydroxide. 

200 Area analytical Laboratory waste 1945-1970 130 I 000 I 000 170,000 1, pages B.15 

laboratory liquid waste contained nitric acid 
and B.17; 

cribs, 216 series, Nos. and sulfuric acid 
21, pages 217, 

A-4, A-21, A-27, B-6, {neutralized with NaOH 
218, 247, 248, 

B-lOA, T-2 and T-8 at 'A' cribs) and 
259, 260, 293, 

(7 cribs} sodium dichromate. 
294,301,302, 

Radionuclides include 
507, 508, 523 

Sr-90, Pu-239, Cs-137, 
and 524. 

Co-60 and U-238. 
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Estimated Volume No. of 
Area No. and Name Waste Types Years (liters) Cubic Yds References 

200 Area steam condensate Steam condensate 1944-1979 98,600,000,000 129 ,.000 ,000 1, pages B.15 
and/or cooling water and/or cooling water and B .17; 
disposal areas, 216 containing nitrate and 21, pages 227, 
series~ Nos. A-11, A-12, radionuclides H-3, 228, 229, 230, 
A-32 through A-35, A-40, Sr-90, Pu-239, 265 through 272, 
S-5, S-6, .S-16P, S-160, Cs-137, Co-60 and 277, 278, 471, 
S-17, T-4-1(0), T-4-l(P), U-238. 472, 473, 474, 
U-9, U~ll,: Z-1(0), Z-11, 491, 492, 493, 
T-4-2 (19 areas) 494, 495, 496, 

511, 512, 513, 
514, 599, 600, 
601, 602, 609, 
610 I 629 I 630 1 

515, 516. 

200 Area Z Plant waste Z Plant waste water 1949-1973 499,000,000 653,000 1, page B .17; 
water disposal areas, 216 contained sodium 21, pages 607, 
series, Nos. Z-lA, nitrate, fluoride, and 608 I 611 I 612 I 

Z-142, Z-3 and Z-12 radionuclides Pu-239, 613, 614 I 631 
(4 areas) Sr-90, Cs-137 and and 632. 

U-138. 
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Area No. and Name 

200 Area plutonium 
recovery plant waste water 
cribs~ 216-Z-9 and 
216-Z-18. 

200 Area caustic waste 
areas, 216-T-33, 216-T-36 
and 216-Z-8. 

Waste Types 

Plutonium recovery 
plant waste water 
contains sodium salts, 
nitrate, sulfate, 
aluminum fluoride 
nitrate, aluminum 
nitrate, magnesium 
nitrate and calcium 
nitrate. The waste 
discharged to the 
216-Z-18 also con
tained carbon tetra
chloride, tributyl 
phosphate and dibutyl 
butyl phosphorate. 
Radionuclides include 
Pu-239 in both cribs 
and Sr-90, Cs-137, 
Co-60 and U-238 in 
216-Z-9. 

Caustic waste water 
containing sodium 
hydroxide and 
radionuclides Pu-239 
in all three areas and 
Sr-90, Cs-137, Co-60 
and U-238 in 216-T-33 
and 216-T-36. 

Years 

1955-1973 

1955-1969 

Bf 

91t f 3Zf B~ 0259 

Estimated Volume 
(liters) 

7,950,000 

2,430,000 

No. of 
Cubic Yds 

10,400 

3,180 

References 

1, page 8.17; 
21, pages 625, 
626, 637 and 
639. 

1, page B .17 i 
21, pages 573, 
574, 579, 580, 
623 and 624. 



Estimated Volume No. of 
Area No. and Name Waste TyQeS Years {1 iters} Cubic Yds References 

200 Area chemical sewer Chemical sewer dis- 1945-1965 304,000,000,000 398,000,000 1, pages B.15 
areas, 216-8-21, 216-8-2-2 charged unknown and B .17; 
and 216-S-ll. quantities of chemi- 21, pages 282, 

cals plus radio- 283, 284, 285, 
nuclides Sr-90, 481 and 482. 
Pu-239, Cs-137 and 
U-238. 

200 Area cribs that 300 Area crib waste 1962-1967 31,800,000 41,000 1, pages B.15 
received 300 Area crib contained nitrate and and B.17; 
waste, 216 series, Nos. radionuclides Sr-90, 21, pages 389-
B-53A, 8-538, 8-54, T-27, Pu-239, Cs-137, Co-60 394, 561, 562, 

· T-34 and T-35 (7 cribs) and U-238. 575, 576, . 577 
and 578. 

200 Area A-Tank Farm A-Tank Farm condensate 1958"'.1966 820,000,000 1,020,000 1, page B.15; 
condensate crib, 216-A-24 contained butyl 21, pages 255 

~hosphates, paraffin and 256. 
ydrocarbon, ammonium 

carbonate and radio-
nuclides H-3, Sr-90, 
Pu-239, Cs-137, Co-60 
and U-238. 
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Area No. and Name 

200 Area Redox hexone
bearing wastes, 216~S-13 
and 216-S-14 

200 Area, 221-U, 222-U and 
224-U liquid wastes 
disposed to 216-U-142 and 
216-U-4A cribs 

Waste Types 

Sodium hexone-bearing 
wastes containing 

· methyl isobutyl ketone 
and radionuclides 
Sr-90, Pu-239, 
Cs-137, Co-60 and 
U-238. In addition to 
the above, waste 
disposed to 216-S-13 
contained aqueous 
sodium nitrate and 
sodium dichromate. 

U Area wastes . 
containing sodium 
nitrate and sodium 
phosphate and 
radionuclidcs U-238, 
Sr-90, Cs-137, Co-60 
and Pu-239. Crib 
216-U-l & 2 also 
received sodium 
sulfate. 

Years 

1951-1972 

1951-1970 

8h 

91i I 32 ~ B~.0261 

Estimated Volume 
(liters) 

5,010,000 

160,000,000 

No. of 
Cubic Yds 

6,560 

209,000 

References 

1, page B. 17; 
21, pages 485, 
486, 487 and 
488. 

1, page B. 17; 
21, pages 581, 
582, 587 and 
588. · 



Area No. and Name 

200 Area miscellaneous 
liquid wastes, 216 series, 
A-1, A~6, A-9, A-13, A-14, 
A-16, A-17, A-18, A-19, 
A-20, A-22, A-23A, A-238, 
A-26A, A-28, A-39, A-41, 
B-3-1, B-3-2, B-4, B-9, 
B-108, 8-llA & 8, B-13, 
B-57, C-3, C-5, C-8, S-4, 
S-8, S-15, S-18, S-20, 
S-22, T-9, T-10, T-11, 
T-12, T-13, T-20, T-28, 
T-29, T-30, U-3, U-4, 
U-4B, U-5, U-6, U-7, 
U-13, Z-4, Z-5, Z-6, 
Z-10, Z-16, Z-17 
(55 areas) 

Waste Types 

Miscellaneous waste
waters containing 
nitrate and radio
nuclides Sr-90, 
Pu-239, Cs-137, 
Co-60, and U-238. In 
addition, areas 
216-A-9. 216-S-4. and 
216-T-30 received H-3. 

Years 

1945-1979 

Bi 

Estimated Volume 
(liters) 

303,000,000,000 

No. of 
Cubic Yds 

397,000,000 

TOTAL 935,000,000 yd3 

References 

1, pages B. 15 
and B .17; 
21, pages 213, 
214 I 221, 222 I 
225, 226, 231-
234, 237-246, 
249-258, 261, 
262, 275, 276, 
279, 280, 285-
290, 299,300, 
303-306, 309, 
310, 395, 396, 
403, 404, 407, 
408, 411, 412, 
469, 470, 477, 
478, 489, 490, 
497-500, 503, 
504 I ·525.534 I 
547, 548, 563-
570, 583-586, 
589-596, 603, 
604, 615-620, 
627, 628 and 
633-636. 
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· TABLE 2. Basis of Estimating and/or Computing Waste Quantity - 200 Areas 

Area No. and Name 

200 Area dry waste burial 
site, 218 series, Nos. 
E-1, E-2, E-3, E-5, E-6, 
E-7, E-8, E-12A, W-1, W-2, 
W-3, W-4A, W-7 and W-8 

200 Area regulated 
equipment burial site, 218 
series, Nos. E-2A, E-5A, 
E-9, E-14, W-lA, W-9 and 
1-/-11 

200 Area repair and 
construction waste burial 
sites 218-E-4 and 
218-E-13. 

Waste Types 

Dry waste containing 
radionuclides Sr-90, 
Pu-239, Cs-137 and 
U-238. 

Discarded process 
equipment containing 
radionuclides SR-90, 
Pu-239, Cs-137 and 
U-235. 

Repair and 
construction waste 
containing 
radionuclides SR-90, 
Pu-239i Cs-137 and 
U-238. 

Years 

1944-19.68 

1944-1964 

1955-1966 

8j 

Estimated Volume 
( ttl) 

2,960,000 

960,000 

58,400 

No. of 
Cubic Yds 

110,000 

36,000 

2,200 

References 

1, pages B.15 
and B.17; 
21, pages 415-
418, 421, 422, 
425, 426, 429-
434, 437, 438, 
639, 640, 643-
652; 
5, Section 
I NW; and 6. 

1, pages B.15 
and B .17; 
21, pages 419, 
420, 427, 428, 
435, 436, 441, 
442, 639, 640, 
653, 654, 655 
and 565; 
5, Sections I 
NW, I SE; and 6. 

1, pages B.17; 
21, pages 423, 
424, 439 and 
440; 
5, Section I NW. 



Estimated Volume No. of 

Area No. and Name Waste Types Years (ft3) Cubic Yds References 

200 Area burning pits 200E and 200W received 1950-1970 21,500 800 1, pages 8.15 

200E, 200W, and Z Plant construction and 
and B.17; 

office wastes plus 
21, pages 443, 

. paint waste and 
444, 659, 660, 

chemical solvents. 
661 and 662 

Z Plant received 
office and laboratory 
waste. 

200 Area nonradioactive Construction pit 1945-1955 No data No data 1, pages 8.15 

repair and construction received broken 
and 8.17; 

was~e burial sites, concrete and the 
21, pages 445, 

construction pit and nonradioactive burial 
446 657 and 658. 

nonradioactive burial ground received 
ground unusable plumbing 

materials. No 
radioactive waste was 
deliberately buried at 
these sites. 

600 Area dry waste burial Dry waste containing 1953-1967 No data No data 1, page B. 21; 

sites 618-10 and 618-11 Sr-90, Pu-239, Cs-137 
21, pages 693-

and U-238 
696. 

P-11 crib Waste water containing 1951-1951 No data No data 1, page B.21; 

Pu-239. Site has been 21, pages 701 

exhumed. 
and 702. 

213 J and K cribs Drainage from 1944-1950 No data No data 1, page 8.21; 

plutonium storage 
21, pages 703-

vaults. No Pu-239 had 704. 

- been detected in --- pi~ing. Cribs -~~ ex urned. 
,... ~ Bk 
-a . 



Estimated Volume No. of 
Area No. and Name Waste Types . Years (ft3) Cubic Yds References 

Miscellaneous Miscellaneous 1973-1979 Unknown Unknown 1, page B.21i nonradioactive burial nonradioactive wastes. quantity. quantity. 21, pages 705, 
sites, J •. A. Jones No. 1 No known chemical 706, 711 and and ·Original Central di sposa 1. 712; 38, pages 1 Landf i 11 and 2 

TOTAL 149,000 

81 



PUREX Plant. The Plutonium URanium EXtraction (PUREX} Plant is the most 
recently constructed of the irradiated-fuel processing plants. Constructed 
between April 1953 and October 1955, the PUREX Plant took over fuel
processing operations from the REOuction OXidation (REDOX} Plant. The PUREX 
Plant was operated from 1956 to 1972; in 1972 it was placed in operational 
standby mode. Plant operations were resumed in 1983. 

At this facility, uranium, plutonium, and neptunium are separated from 
fission products found in the production reactors' irradiated uranium fuel. 
The process steps involve fuel-element decladding, uranium metal dissolution, 
solvent extraction, ion exchange, and product loadout. 

Zirconium cladding on fuel elements is removed in an aJ1111onium fluoride
ammonium nitrate (AFAN} solution. Ammonium fluoride reacts with the 
zirconium, resulting in a soluble zirconium compound. The anmonia and 
hydrogen evolved during decladding present a potential combustion hazard. 
Therefore, hydrogen is converted to ammonia by reaction with ammonium nitrate 
present in the AFAN solution. The dissolver solution is then processed -to 
remove plutonium and uranium that dissolved with the cladding. Gas released 
from the dissolver is treated to remove iodine in a silver reactor, is acid
adsorbed, and is only then released to the atmosphere. The off-gases are 
treated with hydrogen peroxide to remove nitrogen oxides before being 
released to the atmosphere. 

Oeclad fuel elements are dissolved in nitric acid for the solvent extraction 
processes. An organic solvent is used to separate the uranium, plutonium, 
and neptunium from associated fission products and from each other. The 
o~ganic solvent us~d in a series of extraction and stripping operations is a 
30% solution of tributyl phosphate in a normal paraffin hydrocarbon 
(kerosene) diluent. 

The first extraction cycle separates the bulk of the fission products from 
the plutonium, uranium, and neptunium; the fission products remain in the 
aqueous phase. The organic phase is sent to the partitioning cycle where the 
plutonium is partitioned from the uranium and neptunium. The plutonium 
stream is routed through two additional solvent-extraction cycles for further 
purification. After purification, the plutonium stream is concentrated. 

From 1956 to 1972, the concentrated plutonium nitrate solution was sent to 
the plutonium finishing operations located in the 200-West Area. When the 
PUREX Plant resumed operations in 1983, an additional facility was added that 
produced plutonium oxide from the plutonium nitrate. 

The other stream from the partition cycle, which bears the neptunium and 
uranium, is routed to the final uranium cycle where neptunium is separated. 
The aqueous neptunium stream is sent to the back-cycle waste system for 
concentration and recycling to the solvent-extraction column. The uranium 
stream is routed to a column that strips the uranium from the organic stream 
with an aqueous nitric acid solution; concentration of the aqueous solution 
follows. The uranium product, uranyl nitrate hexahydrate {UNH}, is then 
stored in tanks until it is shipped to the U03 plant in the 200-West Area. 
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A portion of the concentrated neptunium solution from the final uranium cycle 
is sent to the neptunium recovery and purification cycle. In this cycle, 
neptunium is separated from the uranium, plutonium, and the remaining fission 
products in the neptunium stream. This separation is accomplished by a 
series of extractions and ion-exchange columns. The plutonium and uranium 
fractions are recycled to the back-cycle waste system and partitioning cycle, 
respectively. 

Supporting process systems include organic solvent decontamination and 
recovery, nitric acid recovery, and waste concentration and recovery. 

B Plant. The B Plant, one of the original fuels-separation facilities, was 
constructed between August 1943 and February 1945; it was operated until 
1952. The plant used the -bismuth phosphate process to separate plutonium 
from irradiated uranium fuel. This process produced a very dilute waste 
stream that contained the uranium and most of the fission products from the 
fuel elements. Unlike the PUREX process, the bismuth phosphate process 
separated plutonium from uranium and fission products by precipit~ting t-he 
plutonium onto a bis_muth phosphate carrier. 

The uranium fuel elements processed by the bismuth phosphate process were 
jacketed with aluminum. These jackets were removed in a sodium hydroxide
sodium nitrate (NaOH-NaN03) solution, with the NaN03 acting as a hydrogen 
scavenger. Some of the silicon used as a binder in the fuel elements was 
dissolved during jacket removal. This operation produced sodium silicate, 
sodium aluminate, and sodium nitrite. · 

After jacket removal, the fuel elements were dissolved in nitric acid; 
sulfuric acid was then added to complex the uranium. Complexing of uranium 
prevented it from being precipitated as uranyl phosphate during later 
plutonium precipitation. The metal solution was pre-treated with sodium 
nitrite to oxidize or reduce plutonium to the correct state for · 
precipitation. Bismuth phosphate was then added to the metal solution and 
the resulting slurry was centrifuged.· The solid cake was redissolved in 
nitric .acid for further decontamination of the plutonium. 

The decontamination involved several dissolutions and subsequent 
precipitations of plutonium. Sodium bismuthate and sodium dichromate were 
used as oxidizing agents, and sodium nitrite or oxalic acid was used as a 
reducing agent during the plutonium decontamination. The final plutonium 
precipitate was washed with ammonium nitrate. 

The next process involved transferring the plutonium from the bismuth 
phosphate carrier to a lanthanum fluoride carrier. Hydrofluoric acid was 
used to acidify the transfer solution and cause lanthanum fluoride to 
precipitate, carrying the plutonium with it. Potassium hydroxide was used to 
change the lanthanum precipitate into a soluble compound; then the 
precipitate was dissolved in nitric acid. 

The plutonium was then reduced using ammonium sulphate and precipitated as~ 
peroxide by the addition of hydrogen peroxide. The plutonium peroxide· was 
dissolved into nitric acid. This solution was concentrated to produce the l 
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final plutonium nitrate product, which was originally shipped off .site for 
conversion to plutonium oxide or plutonium metal. 

In 1968, the B Plant was converted to a waste-fractionization plant as part 
of a program to solidify high-.level waste. The B Plant now functions to 
remove cesium and strontium from PUREX current acid waste and from high-level 
supernatant liquids, as well as sludges from self-boiling liquid waste. 

The solids are removed from the current acid waste and treated for strontium 
removal, and the liquid is treated with phosphotungstic acid to precipitate 
the cesium. The. supernatant liquid is sent to a series of solvent extraction 
columns, similar to those used at the PUREX Plant, to remove and purify any 
remaining strontium. The cesium precipitate is redissolved in sodium 
hydroxide and treated in .ion exchange columns for further purification. 
Liquid from stored waste is treated the same as current acid waste, except 
that the solids have already separated in the storage tanks. Sludge from the 
storage tanks and solids from current acid waste are dissolved in an acid 
solution and sent to the solvent-extraction columns for strontium removal. 

Cesium ·solutions are converted to cesium chloride by the addition of 
hydrochloric acid. The liquid is evaporated to yield solid cesium chloride. 
This solid is encapsulated in Hasteloy cylinders and stored in an underwater 
storage basin at B Plant. 

Strontium is precipitated as strontium fluoride by the addition of sodium 
fluoride. The strontium fluoride is filtered, dried, and encapsulated in 
Hasteloy cylinders. These cylinders, like the cesium cylinders, are stored 
in an underwater storage basin at B Plant. 

Semiworks and Critical Mass Laboratory. The Semiworks was built in 1949 as a 
pilot plant for the RED0X Process; it was later converted to pilot the PUREX 
process. The Semiworks originally operated from 1952 to 1957. In 1960, the 
Semiworks was reactivated and equipped for the processing and loadout of 
fission products; it then operated as both a production and a process 
demonstration pilot project for converting the B Plant to a waste
partitioning facility. In 1967, the Semiworks was shut down, and it is now 
being decontaminated and decommissicned. Chemical processes at this facility 
were similar to those at the RED0X and PUREX plants. 

At the Critical Mass Laboratory, research focuses on the criticality safety 
of plutonium in various forms and combinations with other elements. The 
resulting data are used to verify analytical methods that predict criticality 
safety for plutonium in various fuel cycles. 

200 North Area. The 200 North Area was built for the ageing of •green" fuel 
(recently irradiated

0

fuel) to allow for the decay of short lived 
radionuclide·s before processing the fuel. Irradiated fuel was stored in 
water basins while the decay process was proceeding. The area was only used 
during the first several years of operations, when it was discovered that the 
required fuel ageing time was much shorter than originally predicted. This 
discovery allowed the use of the 200 Area to be discontinued in 1952. 
Several of the sites within the 200 North Area only received waste during the 
pre-retireme~t cleaning of the basins actually used to store fuel. ti~ 
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200-West Area Plants 

U Plant. Although the U Plant (constructed between 1943 and 1944) was one of 
the three original fuels-separation facilities designed to use the bismuth 
phosphate process, it was never used for that purpose. 

Uranium was not recovered by the bismuth phosphate extraction of plutonium 
from irradiated fuel. However, the later-developed REDOX and PUREX processes 
recovered the uranium, which still had economic value. Following startup of 
the REDOX Plant, the U Plant was converted to recover the uranium from stored 
radioactive waste. From 1952 to 1958, stored waste was transferred to the U 
Plant for uranium recovery. The resultant sludge was dissolved in nitric 
acid, and then the uranium was extracted ·using tributyl phosphate in a nonnal 
paraffin diluent. This process left the fission products, sulfate, and 
phosphate ions in the aqueous acid solution. The uranium was then stripped 
from the organic solvent with nitric acid. This n~trit acid solution was 
concentrated and sent to the uranium oxide process. 

Although the uranium recovery processing is no longer going on, the adjacent 
uranium oxide plant is still operational. This plant received uranyl nitrate 
solution from the recovery process and from the REDOX Plant and calcined it 
to uranium trioxide. The uranium oxide plant now processes the product 
uranium from the PUREX Plant. Nitric acid is recycled to the PUREX process 
as a by-product of the calcination process. The uranium trioxide is shipped 
offsite for use as nuclear fuel. 

REDOX Plant. The REDOX process for fuels separation succeeded the bismuth 
phosphate process and preceded the PUREX process. The REDOX Plant was 
constructed from May 1950 to August 1951; it operated until it was shut down 
in July 1967 •. An analytical laboratory near the facility is still 
operational. This laboratory supports 8-Plant operations and performs 
research and development in support of waste management and environmental 
control operations. The laboratory also functions as a backup laboratory to 
the PUREX and Z-Plant analytical laboratories. 

The REDOX Plant used a solvent extraction process to separate uranium and 
plutonium from fission products and each other. Methyl isobutyl ketone 
(MIBK) was the organic solvent that was used. 

The fuel elements were prepared for nitric acid dissolution using the methods 
from the bismuth phosphate process. Sodium dichromate was added to the 
nitric acid solvent to oxidize plutonium to a state suitable for organic 
extraction. · 

Aluminum nitrate was added to the acid solution as a salting agent for the 
first extraction column. This salting agent caused the uranium and plutonium 
to b~ preferentially extracted by MIBK, leaving the fission products in the 
aqueous phase. In a second extraction column, a reducing agent was added to 
the aqueous phase to reduce the plutonium so that it would be removed from 
the uranium and extracted into the aqueous phase. The organic uranium 
solution and the aqueous-plutonium solution were then processed separately, . ,~1 
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purified further, and concentrated into their respective products; uranium 
nitrate hexahydrate (UNH) and plutonium nitrate. The plutonium nitrate was 
sent to the Z Plant for processing into plutonium oxide or plutonium metal. 
The UNH was sent to the uranium oxide plant. 

The organic solvent was treated for recycling by removing decomposition 
products and by further decontamination. Aqueous streams were concentrated, 
then the aluminum nitrate was converted to sodium alurninate by sodium 
hydroxide before disposal. 

T Plant. The T Pl4nt was one of the original bismuth phosphate fuels
separation facilities; it was constructed from June 1943 to October 1944 and 
operated for the bismuth phosphate process from 1944 to 1956. Since 1956, 
facilities in the T Plant have been used for decontamination and equipment 
repair . 

Z Plant. Constructed in 1949, the Z Plant was the site of the plutonium 
laboratory and finishing operations, including the processing of plutonium 
scrap materials and preparation of plutonium· products . The plutonium parts 
preparation ceased in December 1965. A process known as •recoup lex" was 
operated at the plant from 1955 to 1962 to recover plutonium from scrap and 
produce a plutonium nitrate solution. The Plutonium Reclamation Facility 
began operations in 1964 to perform the functions of the recouplex process. 

The recouplex process used nitric acid and hydrofluoric acid to dissolve 
solids and a tributyl phosphate-carbon tetrachlorige solvent extraction 
process for recovery of purified plutonium nitrate solutions. Aluminum 
nitrate was used to salt the aqueous streams for selective extraction of 
plutonium and to create complexed fluoride ions as aluminum fluoroxide 
nitrate to prevent their interference during plutonium extraction. Americium 
was also recovered in the Plutonium Reprocessing Facility using dibutyl butyl 
phosphonate (DBBP) in a carbon tetrachloride diluent. The DBBP has 
subsequently been replaced with tributyl phosphate. 

The Plutonium Processing Facility converts plutonium nitrate to pluton i um 
oxide and then to plutonium metal, if metal is the desired product. The 
plutonium oxide is made by precipitating the plutonium as plutonium oxalate 
and then calcining the precipitate. To produce metal, the plutonium oxide is 
first converted to plutonium fluoride. The fluoride is placed in an iron 
can, which is placed in a magnesium oxide crucible with calcium metal. A 
reducing charge is applied to the crucible to reduce the plutonium fluoride 
to plutonium metal, which is then molded into a button. The remaining iron, 
calcium, and magnesium are dissolved in nitric acid for disposal. 

Reference 1, pages 2.15-2.23, Reference 21, pages 449-462. 
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5 TARGETS 

Surface Water Use 

Use(s) of surface water within 3 miles downstream of the hazardous substance: 

Surface water within the distance of the furthest point of contamination 
(i.e., the Richland water intake) is used as a source of drinking water, a 
source of crop irrigation water, a water source at the Ringold fish hatchery, 
and for recre_ation (boating, swimming, and fishing). The surface water 
within three miles downstream is used for recreation. The City of Richland 
draws water from the river for their drinking water. The 300 Area also 
withdraws drinking water from the river. There are river water intakes at 
Ringold Flats, Taylor Flats, Battelle Farm Operations and the Tri-Cities 
University Center (TUC) where the water is used to irrigate forage and food 
crops. Part of the water used to rear steelhead trout at the Ringold 
hatchery comes from the river. Because this reach of the Columbi-a River are 
part of the upstream migration route of several salmon speci~s and steelhead 
trout, this reach is a popular spot for fishing. 

Reference 2, pg . 3.19; Reference 13, pg. '11.3-4; Reference 14, pgs. 4.28, 
4.10; Reference 15; .Reference 16; Reference 17; Reference 18; Reference 32 ; 
Reference 33 ; Refer·ence 34. 
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Is there tidal influence? 

The site is located upstream of four hydroelectric dams, therefore , no tidal 
influence is observed in the River at the site. 

Reference 2, pg 2.1. 

Distance to a Sensitive Environment 

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

Not applicab le. 

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

There is no fresh-water wetland within 1 mile of the defined site boundary . 

Reference 15; Reference 16; Reference 17. 

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 Hanford Sitt! (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) that reside at the site, there is no critical habitat to be 
considered in the ranking of the 200 Area Site. 

The draft Phase I Installation Assessment of Inactive Waste-Disposal Sites at 
Hanford, Volume 1, 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 t~ken from the 
preliminary draft is in error. 

Reference l; Reference 19. 

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: 

River water is withdrawn at five locations within 3 miles of the farthest 
point of downstream contamination (i.e., Richland City Water Intake) which is 
used for drinking water and irrigation. four of these five are irrigation \a~ 
intakes which are Ringold flats, Taylor flats, Battelle Fann Operations and 1> 

Tri-Cities University Center (TUC). T~e fifth intake is the Richland City ,\11,
1
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Water Intake which is used for drinking water. The Richland city water 
system serves a population of 33,578 based on the 1980 census. The Richland 
city water system also has emergency interties with the City of Kennewick 
water system and the Hanford 300 Area (which also has an intake from the 
river located in the 300 Area). The Kennewick population is 34,387 based on 
1980 census. The population served by the 300 Area is 3110 Hanford workers. 
The City of Pasco does not have an emergency intertie with the. City of 
Richland water system. Therefore, the population of Pasco was not 
considered. The other three intakes are only used for irrigation water. 

Reference 2, pg. 3.19; Reference 20; Reference 15; Reference 16; Reference 
17; Reference 18; Reference 14, pg. 4.33; Reference 32; Reference 34. 
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Computation of land area irrigated by above-cited intake(s) and conversion to 
population (1.5 people per acre}: 

The acreage of irrigated land at Ringold Flats, Taylor Flats, Battelle Farm 
Operations and Tri-Cities University Center (TUC) is 330 acres, 270 acres, 
168 acres and 160 acres, respectively. Based on the formula of 1.5 people 
per acre the following calculations are made to determine the population 
associated with the irrigated land: 

Ringold Flats Population• 330 acres x 1.5 people/acre• 495 - people 

Taylor Flats Population • 270 acres x 1.5 people/acre• 405 people 

TUC Popu_l at ion • 160 acres x 1.5 people/acre• 240 people 

Battelle Farm Operations• 168 acres x 1.5 people/acre• 252 people 
-

Total Population= 1392 people 

Reference 15; Reference 16; Reference 17; Reference 32; Reference 34. 

Total population served: 

The sum of the population served by the Richland City drinking water system 
and the irrigated land population is 69,530. This total does not include the 
3110 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 above water intakes: 

The nearest water intake with the largest population would be the Richland 
City Intake. This intake is used for drinking water. · 

Reference 28; Reference 12, page 3; Reference 29 

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

Contamination has been ob.erved--at the City of Richland intake. All other 
intakes are within the ·contaminated portions of the river as defined in the 
observed release; therefore, the distance is zero. 

Reference 15; Reference 16. 
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1 OBSERVED RELEASE 

Contaminants detected: 

AIR ROUTE 

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. 

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 applicable. 

Distance to 5-acre (minimum) fresh-water wetland, 

Not applicable. 

if 1 mile or less: 
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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. 

-
Di stance to nat i ona 1 or state park, forest, or wi 1 dl ife rese_rve, if 2 mil es 
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?- <\ 
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HRS DOCUMENTATION LOG SHEET SITE NAME U.S. DOE Hanford 200 Area 
CITY Benton County STATE WA 
IDENTIFICATION NUMBER 

REFERENCE; 
NUMBER DESCRIPTION OF THE REFERENCE 

1 Draft Phase I Installation Assessment of Inactive Waste-

Diseosal Sites at Hanford, Volume 1 

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

3 Investigation of Ground-Water-Seeeage from the Hanford 

Shoreline of the Columbia River, PNL-5289, November 198~ 

4 Uncontrolled Hazardous Waste Site Ranking Systemi A Users 

Manual, 40 CFR 300, Appendix A 

5 Handbook of 200 Area Waste Sites, Volume I 

1979 Rockwell Hanford Operations, RHO-CD-673 

6 Memo to File from BW Mercer on 8-18-87, Solid Waste Volume 

Estimates for Selected 200 Area Burial Grounds 

7 Hanford Wells, PNL-5397, February 1985 

8 Ground Water Monitoring at Hanford Site 1 January-December 

1984, PNL-5408 

9 Project Inspection, Log Book Project V-749, 400 Area Water 

Systems Improvements Water Well No. 4 

10 Washington State Pu.blic Supply System Listing 

11 Memo to Fi 1 e from BW Mercer on 8-14-87, Ori nki ng Water We 11 s 

in Franklin County Within 3 Miles of the 200 .Area and Within 

3 Miles of the 300 Area Defined Boundary 
' .\ < ~ 
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HRS DOCUMENTATION LOG SHEET SITE NAME U.S. DOE Hanford 200· Area 
CITY Benton County STATE WA 
IDENTIFICATION NUMBER 

REFERENCE 
NUMBER DESCRIPTION OF THE REFERENCE 

12 Hanford Reservation Area Worker Census, BNWL-2298, July 1977 

13 Waste Management OQerations 1 Hanford Reservations, ERDA-1538, 

December 1975 --
14 Draft Environmental ImQact Statement 1 DisQosal of Hanford 

Defense High~Level 1 Transuranic and Tank Waste~ DOE/EIS-0113, 

Volume 1 

15 U.S.G.S. Map showjng 200 Area surroundings 

16 U.S.G-.S. Maps showing 200 Area surroundings 

17 U.S.G.S. Map showing 200 Area surroundings 

18 Memo to file from DA Lamar, on 8-18-87, regarding Persona 1 

Observations of Columbia River Intakes at Taylor Flats and 

Ringold Flats 

19 Endangered and Threatened Wildlife and Plants, 50 CFR, 

Part 17, Subpart B, October 86 

20 Memo to file from KH Cramer regarding Personal Communications 
( 

with M Gillum concerning Richland City Well Data, August 6,87 

21 Draft Phase I Installation Assessment of Inactive Waste-
. I 

DisQosal Sites at Hanford, Volume 2 (HISS Database) 
-

22 Hanford Ground Water Database Printouts for Wells of Concern 

23 1291 1 60Co and 106Ru Measurements on Water SamQles From the 

. Hanford Project Environs, BNWL-SA-4478, January 1913 
\ 
\ \ 
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HRS DOCUMENTATION LOG SHEET SITE NAME U.S. DOE Hanford 200 Area 
CITY Benton County STATE WA 
IDENTIFICATION NUMBER 

REFERENCE 
NUMBER DESCRIPTION OF THE REFERENCE 

24 Purification of Uranium by IBMK (Hexane} Extraction, 

UST-RD-PM-9-80 

25 Detennination of Tritium in Water Sameles, UST-RD-PM-9-80 --
26 Volatile Organic Analysis, Method 8240 , UST-RD-PM-9-80 

27 Cyanide, Method 9010, UST-RD~PM-9-80 

28 Drawing H-3-53734 (Showing 300 Area River Intake) 

29 Memo to file from WS Weygandt concerning Personal 
. . Communication with R. B. Hall Regarding the 312 River Water 

Intake for .300 Area, August 13, 1987 

30 Database Printouts of Surface Water Sample Points 

31 An Assessment of Aguifer Intercommunication in the B Pond -

Gable Mountain Pond Area of the Hanford Site, RHO-RE-ST-12P 

32 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 

33 Memo to file regarding recreational use of the Columbia River 

from DR Sherwood, August 26, 1987 
-

34 Battelle Fann Operations Drawing, RC-486 and RC-1147 

35 Data Comeilation: Iodine-129 in Hanford Groundwater, ,'b 
.. WHC-EP-0037 ,\,t I 
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HRS DOCUMENTATION LOG SHEET SITE NAME U.S. DOE Hanford 200 Area 
CITY Benton County 
IDENTIFICATION NUMBER 

STATE WA 

REFERENCE 
NUMBER DESCRIPTION OF THE REFERENCE 

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

regarding ground water contaminant plumes 

37 Letter from RD Stenner to OM Bennett regarding liquid waste 

sites and burning pits, October 26, 1987 

38 File note from RD Stenner to file on December 2,1987, 

regarding Landfill Operations 

39 Environmental r-bnitoring at Hanford for 1~8S, PNL-5817 

40 ~ to Sandy u:y~-tall, EPA, fran Kathleen Galloway, 

MI'rnE. Decenber 29, 1987. 
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Draft Phase I Installation Assessment of Inactive 

Waste-Disposal Sites at Hanford, Volume 1 
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production reactor still in opdration. The reactor is d dual-purpose unit dnd 
provides low-pressure steam for thd 860 megawatt WNP generating plant nearby. 
The redctor core's cooling water is recycled after it is passed through a hdat 
exchanger that cuols thd water and produces the ste~m used by the WNP 

' generating plant. Fewer than 1.soo people work in this area (Yandon 1977). 

The reactor's water treatment plant is an updated version of the treat
ment systems used dt the olddr reactors. The nonradioactive effluents it 
treats originate from the se,ondary side of the cooling-water system. Radio
active waste strt!ams are discharged to cribs. The water from these waste 
streams eventually discharges to the Columbia River via the ground Wdter. The 

N Reactor contains some additional alloys and material that were not present 
in the older reactors. These materials are protected from corrusion and the 
hedt transfdr surfaces protected against fouling by suitable Wdter trdatment. 

2.3.2 200 Areas· 

In the appruximate middle of the Hanford Site·. on d platedu dbout 11 

kilom~ters (7 mi) from the Columbia Riv~r. dre the two 200 Areds · (200-East and 
200-West}, dedicated tu chemical separations and waste management. Irradiated 
fuel, waste-processing, and waste-storage dCtivities an:! located in these 
two dreas because they are the most isolated from the Site boundaries and arc 
the farthest from both surfdce dnd ground water. The wat~r table in this arda 
is 46 to 91 mdtcrs (150 to 300 ft) below the surface. 

The 200-Area plateau is a gldcial, fluvial gravel bdr. A thin surface 
layer of wind-blown silts and sands covers the well-sorted, coars~ sands that 
comprise the Hanford Formation sedim~nts. 

Fewer than 3,000 employees work in the 200 Areds (per shift); slightly 
mar~ thdn half are in th~ 200-West Ar~d (Vandon 1977). 

The 200 Areas contain nonradi aacti ve support faci 1 i ti cs, including trans
portation maintenance buildings, s~rvice stations, and c~al-f1red pow~rhouscs 
(with bc1ghouscs for ai rstream cleanup) for. process steam production, steam - .... 
transmission lines, . raw-water treatment plants, water-storage tanks, electrical 

- . 
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maintenance facilities, and subsurfac~ sewage disposal systems. In shor~, the 
200 Ared"s an:! almost cities to themselves in that tney have most of the 
uti 1 i ties necessc1ry to be sel.f suppor~ing. 

2.3.2.1 200-East Area Plants 

The 200-East Area is a controlled area of approximately 8.4 square 
kilometers (3.2 sq mi). It is about 10 kilometers (6.2 mi) from the Columbid 
River and 18 kilometers (11 mi) from the nedrest Hanford Site boundary. It is 
located on a plateau at an elevation of approxi111c1tely 200 ~ters (656 ft) 
above mean sea level (MSL}. The surface slopes from southwest to northeast, 
with a maximum difference in elevation across the Site of about 25 meters 
(82 ft). Depth to ground water rdnges from 47 to 103 meters (155 to 338 ft). 

There are no naturally occurring surface-water bodies within the 200-East 
Art:!a. Huwever, process cooling water· and c1queous Wdstes are discnargt:!d to an 
open ditch that carries the effluents to a large impounament (B-Pond) locatci!d 
just east of the dn:!a. West Ldke is a small, natural lake located dbout 
4 kilometers {2.5 mi) north of the area. Gable Mounuin Pond, fanned as a 
result of waste-water •di sposa 1 from the 200 Art:!as, is about 3 kilometers 
(1.9 mi) to the north. It will no longer be in use after 1987. 

PUREX Plant. The flutonium URanium EXtract1on (PUREX) Plant is the must 
recently constructed of the i rradiated-fue 1 procassi ng p 1 a11ts. Constructed 
between April 1953 and October 1955, the PUREX Plant took over fuel-processing 
operations from the ~uction .Q!idation (REDOX) Plant. The PUREX Plant was 
operated frum 1956 to 1972; in 1972 it was placed in operational standby mode. 
Pldnt operations were rt:!sumed in 1983. 

At this faci 1 ity, uranium, plutonium, and neptunium dre separatt!d frtJm
fi ssion products found in the production rcdCtors 1 irradiated uranium fuel. 
The process steps involvd fu~l-ele~nt decladding, uranium 111ct.:1l dissolution, 
solvent extraction, ion exchange, and product loddout. 

Zirconium cladding on fuel elements is · r~moved in an ammunium fluuride
a111nonium nitrate {AFAN} solution. ,Ammon·ium fluoride reacts with the _ 
zirconium, resulting in a soluble zirconium compound. The ammunia and 
hydrogen evolved during decladding present a pottntidl combustion hdZard. 
Therefore hydrogen js conv~rtcd to ammonia by reaction with ammonium nitrate 
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present in the AFAN ~elution. The dissolver solution is then processed to 
rtm1ove plutonium dnd uranium thdt dissolved with the cladding. Gas released 
from the dissolver is 
ddsorbed, and is only 
treated with hydrogen 
to the atmosphere. 

treated to remove iodine in a silver reactor, is acid
then released to the atmosphere. The off-gases are 

' peroxide to remove nitrogen oxides before being relcas~d 

Declad fuel elt!fllt!nts drt! dissolved in nitric acid for the solvent extrac-
tion proc~sses. An organic solvent is used to separate the uranium, plutonium, 
and neptunium from associatdd fission produ~ts and from each other. The organic 
solvent used in a series of extraction and stripping operations is a 30i solu
tion of tributyl phosphate in a normal paraffin hydrocarbon (kerosene) diluent. 

The first extraction cycle separates the bulk of the fission products 
from the: plutonium, uranium, and neptunium; the fission products remain in the 
aqueous phase. The organic phase is sent to the partitioning cycle where the 
plut~nium is partitioned from the uran,um and neptunium. The plutonium stream 
is routed through two additional solvent-extractio~ cycles for further purifi
cation. After purification, the plutonium stream is concentrated. From 1956 
to 1972, the concentrated plutonium nitrate solution was sent to the plutonium 
finishing operations locdted in the 200-West Area. When tne PUREX Plant 
resumed operation~ in 1983, an additional facility WdS added that produced 
plutonium oxide from the plutonium nitrate. 

The other strt!am from the partition cycle:, which bears the neptunium and 
uranium, is routed to the final urdnium cycle whc:re neptunium is separated. 
The aqueous neptunium stream is sent to the backcycle waste system for 
concentrdtion and recycl"ing to the solvent-extraction column. The uranium 
stream is routed to a column that strips the uranium from the organic stredm 
with an aqueous nitric acid solution; concentration of the aqueous solution 
follows. The uranium product, uranyl nitratl:! hexahydrate (UNH), is then 
stored in tanks until it is shipped to the uo3 plant in the 200-West Ar~d. 

A portion of the concentrated neptunium solution from the findl uranium 
cycle is sent to the neptunium recovery and purification cycle. In this 

2.17 

- .-• 

Ref. 1.3 

---- ----- - -- -



-

' . _,, 

cycle, neptunium is St!parated from the uranium, plutonium, and the r~ma1n1ng 

fission products in the neptunium stream. This separation is accomplished by 
a series of extractions and ion-exchange columns. The plutonium and uranium 
fractions are recycled to the backcycle waste system and partitioning cycle, 
respectively. 

Supporting process systt:!ffls include organic solvent decontamination and 
recovery, nitric acid recovery, and waste conct!ntration and recovery. 

B Plant. The B Plant, one of the original fuels-separation facilities, 
was constructed between August 1943 dnd February 1945; it was operdted until 
1952. The plant used the bismuth phosphate process to separate plutonium from 
irrddiated uranium fuel. This process produced a very dilute waste strcdm 
that contained the uranium c,.nd must of the fission products from the fuel 
t!lements. Unlike the PUREX process, the bismuth phosphdtd process separdtcd 
plutonium from uranium c,.nd fission products by precipitating the plutonium 
onto a bismuth phosph~te carrier. 

The uranium fuel elements processed by the bismuth phosphate process were 

) 

jacketed with aluminum. These jackets were removed ind sodium hydroxide- . ) 
sodium nitrate (NaOH-NaN03) solution, with the NaN03 acting as a hydrogen 

. scavenger. Some of the silicon used as a binder in the fuel elements was dis
solved during jacket removal. This operation produced sodium silicate, sodium 
aluminate, and sodium nitrite. 

After jc,.cket r~oval, the fuel elements were dissolved in nitric acid; 
sulfuric acid was then added to complex the uranium. Complexing of uranium 
prevented it from being precipitated as uranyl phosphat~ during ldter 
plutonium precipitation. The metal solution was pre-tredted with sodium 
nitrite to oxidize or reduce plutonium to the correct state for pr~cipitation. 
Bismuth phosphate was then added to th!! metal solution and the r=sulting 
slurry was c=ntrifuged. The solid cak~ was redissolved in nitric acid for 
further decontamination of the plutonium. 

The decontamination involved severdl dissolutions and subsequent prec1p1-
. ' 

tations of plutonium. Sodium bismuthate and sodium dichromdte were us~d as 
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·-- oxidizing agents, and sodium nitrite or oxdiic acid wcs used as a reducing 
agent during th~ plutonium decontamination. The final plutonium precipitate 
was washed with a11111onium nitrate. 

Th~ n~xt process involved transferring the plutonium from the bismuth 
phosphate carrier to a lanthanum fluoride carrier. Hydrofluoric acid was used 
to acidify the transfer solution dnd cause lanthanum fluorid~ to precipitate, 
carrying the plutonium with it. Potassium hydroxide was used to change the 
lantha11um precipitate into a soluble compound; then the precipitate was 
dissolved in nitric acid. 

The plutonium WdS then reduced using a11111onium sulphate and precipitated 
as a peroxide by the addition of hydrogen· peroxide. The plutonium peroxide 
was dissolved into nitric acid. This solution was concentrated to produce t he 
final plutonium nitrate product, which was originally shipped off site for 
conversion tu plutunium oxide or plutonium metal. 

In 1968, the B Plant was converted to a waste-fractionization plant dS 
part of a program to solidify high-level waste. The B Plant now funct ions to 
r~move. Ct!Sium and strontium from PUREX current acid waste and from high-lev~ l 
supernatant liquids, as well as sludges from self-boiling liquid waste. 

The solids are removed from the current acid waste and treated for 
struntium removal, and the liquid is treated with phosphotungstic acid to 
precipitate the cesium. rne supernatant liquid is sent to a series of solvent 
extraction columns, similar to those used at the PUREX Pl ant, to remove and 
purify any remaining strontium. The cesium precipitate is redissolved in 
sodium hydroxide and treated in ion exchange columns for further purification. 
Liquid from stored was~ is treated the same dS current acid waste, except 
that the solids have dlready separated in the storage tanks. Sludg= from the 
storag~ tanks and solids from curr=nt acid waste are dissolved in an acid 
solutiun and sent to the solvent-extraction columns for strontium removal. 

Cesium solutions are converted to -casium chloride by the addition of 
hydrochloric acid. Th= liquid is =vaporatcd to yield solid c~sium chloride • 

. This solid is encapsulated in 'Hasteloy~ cylinders and stored in an underNater 
storage basin at B Pl ant. 
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Strontium is precipitated as strontium fluoride by the addition of sodium 
fluoride. The stronti.um fluoride is filtered, dried, and encdpsuldted in 
Hastcloy~ cylinders. These cylinders, like the cesium cylinders, are stored 
in an underwater stordge basin at 8 Plant. 

Semiworks and Critical Mass Laboratory. The Semiworks was built in 1949 
as a pilot plant for tne REDOX Process; it was tater converted to pilot the 
PUREX process. The Semiworks originally operated from 1952 to 1957. In 1960, 
thd S~iworks was reactivated and equipped for the processing and loadout of 
fission products; it then operated as both a production and a process demon
stration pilot project for converting the B Plant to a W4Ste-partitioning 
facility. In 1967, the Semiworks was shut down, and it is now being decon
taminated and decormnissioned. Chemical processes at this facility were 
similar to those at the REOOX and PUREX plants. 

At the Critical Mass Laboratory, research focuses on the criticality 
safety of plutonium in various fonns and combinations with other elements. 
The resulting data are used to verify analytical methods that predict 
criticality safety fo~ plutonium in various fuel cycles. 

2.3.2.2 200-Wcst Area Plants 

The 200-West Area is a controlled area of approximately 8.2 square 
kilometers (3.2 sq mi); it is about 8 kilometers (S mi) from the Columbia 
River and 11 kilometers (6.8 mi) from the nearest Site boundary. In the early 
1980s, it was expanded to the west to add land for future burial grounds. 
There -are no n~turally occurring surface water bodies within the 200-W~st 
Area; however, process cooling wat~r and aqueous waste are discharged to 
surface impoundments, creating several artificial ponds within or adjacent to 
the area. 

The water table beneath ·the 200-West Area lies within the Ringold Forma
tion, which has a relatively high penneability. The water table lies at a 
depth of 55 to 82 meters (180 to 270 ft). 

U Pl ant. A 1 though the U Pl an~. ( constructed between 1943 dnd 1944 j was 
one of the three original fuels-separdtion facilities designed to use the 
bismuth phosphate process, it was never used for that purpose. 
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- Uranium was not recovered by the bismuth phosphate extraction of pluton
ium from irradiated fuel. However, the later-develop=d REDOX and PUREX 
processes recovered the uranium, which still had economic value. Following 
startup of the REDOX Plant, the U Plant was converted to recov=r the urdnium 
from stored radioactive waste. From 1952 to 1958, stored waste was trans
ferred to the U Plant for uranium recovery. The resultant sludge was dis
solved in nitric acid, and then tha uranium was extracted using tributyl 
phosphate in a nonnal paraffin diluent. This process left the fission 
products, sulfate, and. phosphate ions in the aqueous acid solution. The 
uranium was then stripped from the organic solvent with nitric acid. This 
nitric acid solution was concentrated and sent to the uranium oxide process. 

Although the urdnium recovery processing is no longer going on, the 
adjacent uranium oxide plant is still operational. This plant received uranyl 
nitrate solution from the r~covery process and from the REDOX Plant and 
calcined it to uranium trioxid~. The uranium oxide plant now processes the 
produc~ uranium from the PUREX Plant. Nitric acid is recycled to the PUREX 
process as a by-product of the calcination process. The .urdnium trioxide is 
shipped off site for ·use dS nuclear fuel. 

REDOX Plant. The REDOX process for fuels separation succeeded the 
bismuth phosphate proc=ss and prec=ded the PUREX process. The REDOX Plant was 
constructed from May 1950 to August 1951; it op1:::rated until it was shut down 
in July 1967. An analytical laboratory near the facility is still operational. 
This laboratory supports B-Plant operations and performs research and develop
ment in support of waste management and environmentdl control operations. The 
laboratory also functions as a backup laboratory to the PUREX and Z-Pldnt 
dnalytical laboratories. 

The REDOX Plant used a solvt!nt extraction proc~ss to sepc1rate uranium and 
plutonium from fission products and each ocher. Methyl isobutyl ketone (MIBK) . 
was the organic solvent that was used. 

.. 

Th1: fuel elements were prepared for ni.tric acid dissolution using the 
methods from the: bismuth phosphate process. Sodium dichromate was added tu 
the nitric acid solvent to oxidize plutoniu~ to a state suitable for organic 
extraction. 
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Aluminum nitrate was added to the acid solution as a Sdlting c1gent for 
the first extraction column. This Sdlting agent caused the urdnium dnd 
plutonium to be preferentially extract=d by MIBK, leaving the fission products 
in the aqueous phase. In a second extraction column, a reducing agent was 
added to the aqueous phase to reduce the plutonium s_o that it would be removed 
from the uranium and extracted into the aqueous phdse. The organic uranium 
solution and the aqueous-plutonium solution were then processed separately, 
purified further, and concentrdted into their respective products: uranium 
nitrate hexahydrate (UNH) and plutonium nitrate. The plutonium nitrate was 
Sdnt ta the Z Plant for processing into plutonium oxide or plutonium metal. 

The UNH was sent tu the uranium oxide plant. 

The organic solvent was treated for n!cycling by removing decomposition 
products and by further decontamindtion. Aqueous streams were concentrat~d, 
then the aluminum nitrate was converted to sodium aluminate by sodium 
hydroxide before disposal. 

T Plant. The T Plant WdS une of the original bismuth phosphate fuels
separation f_acilities; it was constructed from June 1943 to October 1944 dnd 
operated for the bismuth phusphate process from 1944 to 1956. Since 1956, 
facilities in the T Plant have bden used for decontamination and equipment 
repair. 

Z Plant. Constructed in 1949, the Z Plant was the site of the plutonium 
laboratory and finishing operations, including the processing of plutonium 
scrap mc1terials and preparation of plutonium products. The plutonium parts 
prepar.ttion ceased in December l965 .. A process known as "recouplex" was 
operated at the plant from 1955 to 1962 to recover plutonium from scrap and 
produce a plutonium nitrate solution. The Plutonium Reclamation Facility 
began opcrdtions in 1964 to perform the functions of the recouplcx proc~ss. 

The recouplex proc~ss used nitric acid and hydrofluoric· dCid to dissolve 
solids and d tributyl phusphate-cc1rbon tctr~chlor:ide solvent extraction 
process fur recovery of purified plutonium nitrate solutions. Aluminum 
nitrate was used to salt tne aqueo~~ streams for selective extraction of 
plutonium and to create complexed fluoride ions as aluminum fluoroxide nitrc1te 
to prt!vent their interference during plutonium extraction. Americium was also 
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recov~red in the Plutonium Reprocessing Facility using dibutyl butyl phosphon
dtd (DBBP) in a carbon tetrachloride diluent. The DBBP. has subsequently been 
repldced with tributyl phosphate. 

The Plutonium Processing Facility converts plutonium nitrate to plutonium 
oxide and then to plutonium metal, if metal is the desired product. The 
plutonium oxide is made by precipitating the plutonium as plutonium oxalate 
and then calcining thd precipitate. To produce metal, the plutonium oxide is 
first converted to plutonium fluoride. The fluoride is placdd in an iron can , 
which is placed in a magnesium oxide crucible with calcium metal. A n!ducing 
charge is applied to the crucible to reduce the plutonium fluoride to pluton
ium metal, which is then molded into a button. The remaining iron, calcium, 
and magnesium are di ssolved in nitric acid for dtsposal. 

2.3.3 300 Area 

The 300 Area is located dbout 1.6 kilometers (1 mi) north of the Richldnd 
city limits, un tht! bank of the Columbia River. Roughly rectangular in shape , 
the drea covers about 1.5 square kilometers (370 acres); waste-mdnagement 
facilities have been added just to the north of the 300 Area. 

Occupying a relatively flat area on the west bank of the Columbia River, 
the area has dn elevation that is about 15 meters (SO ft) above the dVerage 
elevation of the adjacent river. The Hanford Site land surfdce surrounding 
the 300 Area is devoid of prominent surface features dnd slopes gently upward 
to the northwest. 

Thd surface sediments in the 300 Area are 1Argely wind-transported sands 
and silts. These sediments, which were deposited in dunes up to about 
3 meters (9.8 ft) in depth, have been lcirgely stabilized by vegetation-. Below 
this ldyer lie 20 to 25 meters (66 to 82 ft) of coarse-grained glaciofluvial 
d~posits known dS the Pasco Gravels; the permeability of these d~posits is 
ver.y high. 

The high porosity and pc!rmeabi1ity of th~ sands and gravels that underl i~ 
the area allow any precipitatton to infiltrate rapidly. Flooding_ of dny 
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Th~se general categories were used in conjunction with the mHRS/HRS 
scores to identify the potentially hazardous liquid-effluent disposal sites i n 
the 200 Areas and to cumplement the mHRS/HRS score by providing site-specific 
infonnation not otheNise addressed. For example, a waste may have contained 
complexants that increased contaminant mobility. Althcugh these complexants 
were not hazardous chemicals (and thus contributed little to the score), they 
increased the potential hazard of a disposal facility by mobilizing radio
active contaminants. Conversely I factors such as waste volume and di stance to 
or contact with the ground water, as well as many other parameters that 
influenced the potential hazard of a facility, were taken into account in the 
scoring but were nut considered in categorizing the sites. The mHRS/HRS 
scores, in combination with waste characteristics, allowed a more comprehen
sive evaluation of the potential hazard from past waste-disposal practices. 
The relative potential hazard from each liquid-effluent disposal site will be 
described on a· plant-by-plant basis for the 200-East and 200-West Areas in 
Section 3.3. 

Steam condensate and coaling water are primarily river water with little 
potential for chemical or radioactive contamination. These liquid effluents 
made up a 1 arge portion of the water used in the 200 Areas. Steam cofldensa te 
and cooling water were mast conrnonly discharged through unlined ditches to 
ponds for evaporation or drdinage to th~ ground water. Accidental releases of 
radioactive and hazardous substances to these facilities have occurred, but 
represent only a small fraction of the waste volume discharged to these sites. 
Sites that received steam condensate and cooling water are not considered to 

n:!present a p·riority for Phdse II characterization, but for those sites that 
scored more than 28. 5, "further action pendi ng 11 is recommended. 

Process condensdte is that water cond~ns~d from closed systems that has 
been in direct contact with radi cacti ve ma teri a 1. . Process condensa·te can be 
acidic or alkaline and often contains relatively low concentrations of 
nitrate, anrnonia, and possibly volatile organic compounds. It is likely that 
certain of these process condensates also contain potentially volatile 
radidnuclides. Carbon-14, tritium,. ·iodine-129, ruthenium- 106, dnd other 
radionuclides could b~ contained in process condensates. Because of thei r 
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20. BACKGROUND INFORMATION 
2.1. 0ESCRJFi1ON OF THE HANFORD SITE 

I(. R. Prtca, p. J. Mitchell, and M. o. Freshley 

The U.S. Department of Energy's Hanford Sita ts located In a rural region of scuth• 
eastern Washington and cccuplas an area of 1,500 kffl2. The Site (shown In ~g
ura 2.1) lies abcut 320 km northeast of Portfand, Oregon, 270 km southeast of 
Seattle, Washington, and 200 km scuthwest of Spokane, Washington. Tha Columbia 
River news through the nonhem edge of the Hanford Sita and fonns pan 01 the 
eastern boundary. The southern boundary of the Sita Includes the Rattlesnake HIils, 
which excaad 1000 m In elavatlcn. Beth confined and unconfined aquifers are 
present beneath the Sita. The main geologic units are tha Columbia River Basalt 
Group, the Ringold Fonnatlon, and a series of glacloflwlal sediments. The Hanford 
Project w~ established In 1943 and was ortglnally designed, built, and operated to 
produca plutonium fer nuctaar weapons. 

. : 

SURFACE CHARACTcRISTlCS OF THE 
SITc 

The semiarid land on which the Hanford Site is 
:OCated has a sparse covering of desert shrubs 
and drought-resistant grasses. Toe most 
broadly distributed type of vegetation on the 
Site is the sagebrush/cheatgrasstbluegrass com
munity. Most. abundant of the mammals is the 
G,eat Basin pocket mouse. Of the big-game.ani
rn:us. the mule deer is the most abundant while 
'"' . ' · ,e cottontail rabbit is the most abundant of the 
::'T'._111-game animals. Coyotes are also abundant. 
' ~e oatd eagle is a regular winter visitor to the 
r~tatrvety large areas of uninhabited land cam
;rtsing the Hanford Site. 

The Columbia River, which originates in the 
~nta,ns of eastern British Columbia, Canada, 
~ through the northern edge of the Hanford 
S.Ce and forms Part of the Hanford Site's eastern 
':leundary. The river drains a total area of 
~:umatety 70.800 km2 enroute to the Pacific 
-..c.tan. The flow of the Columbia River is 
~~led by 1 1 dams within the United States, 7 
;:-,;;;am and _4 downstream of the Site. Priest 
... s Dam 1s the nearest impoundment up• :::lm 01 the Site, and McNary Dam is the 
-:-~ ~

1 dam do~nstream. (The Hanford reach of 
• !utT'.Oia River extends from Priest Rapids _..,_,, :o the h d 
::-,l!~ 

0 
ea of Lake Watlula, which is 

:, . ..,.. C} McNary. Dam.) This is the only stretch 
~rc .. ,umr::ua River within the U.S. that is not 

ed 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 the Columbia River in this region 
is regulated primarily 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 (m3ts) (36,000 cubic feet per 
second (cfs)] has been established at Priest 
Rapids. Typical daily flows range from 1 ,000 
m3ts (36,000 cts) to 7,000 m3ts (250.000 cfs) 
with peak spring runoff flows of up to 12,600 
m3ts (450,000 cts) being recorded. Typical 
annual average flows at Priest Rapids Dam are 
3,100 m3ts (110,000 ds) to 3,400 m3ts 
(120,000 ds). Monthly mean flows typically peak 
from April through June and are at the lowest 
levels from Septemberthrough October. 

The temperature of the Columbia River varies 
seasonally. Minimum temperatures are ob• 
served during January and February while maxi
mum temp.eratures typically occur during August 
and September. Monthly temperatures tor the 
river range from approximately 3°C to acout 20°c 
durir,g the course of a year. Water storage 
management practices at upstream dams and 
the flow rate of the river dictate. to a large extent, 
the thermal characteristics of the Columbia River 
along the Hantord reach. 
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Toe Columbia River system has been developed 
.. xtensively for hydroelectri_c power, flood con-
~,. navigation, irrigation, and municipat and 

industrtat water supplies. In addition, the Han• 
fora reach is used for a variety of recreationat 
activities including fishing, hunting, boating, 
water skiing, and swimming. The State of 
Washington has ciassified the stretch of the 
Calumbia River from the Washington-Oregon 
batder to Grand Coulee Cam (which includes the 
Hanford reach) as Class A and established water 
~ criteria and water use guidelines for this 
ems designation. Because these criteria do not 
1ndude specific limits for radionudides. Environ
mental Protection Agenc-1 (EPA) and State of 
Wasrnngton drinking water limits were used for 
comparison. Other surface water on the Site 
consists of West l.al<e (a smatl, natural pond) 
Jnc1 a number of ditches and artiflciaJ ponds 
~ated tor routine disposat of waste water. 

Hamord's climate is dry and mild: the area 
recetves approximately 16 cm of precipitation 
.lMUally. About 40% of the totat precipitation 
=~ during November, December, and Janu
;;ry: onty 10% falls in July, August, and Septem
:cr. Approximately 45% of all precipitation from 
Oeamcer through February is sn~w. The aver-

, v:a minimum and maximum temperatures in July 
· I!" T6'C and 32°C. For January, the average 
!.ffl"0eratures are 3°C and -SOC. 

\lerffltv average wind speeds range from about 
::-i.mtt in the summer to 14 knVh in the winter. 
· · • i::reva1hng regionat winds are from the 
~nwest, with occasionat cold-air drainage into 
..~ and occurrences of strong crosswinds. 
~ reg10n is a typical desert area with frequent 
11:1-~ inversions that oCOJr at night and break 
~ the day, resulting in unstable and 
~,.. Wind conditions. 

~ _ne:u the Ha~ord Site is primarily used for 
::c.:~.ue and for l1vestoel< grazing. Agricultural 
~ 3re tound nonh and east of the Columbia 
...._ ~ soutn of the Yakima River. These 
.i~ C:CnTain orchards, vineyards, and fields of 
~ ~-r;t:--eat '. and v~e:ables. The Hanford Site 
~. _.:!'I@ Columbia River is shared between a 
-- -c:.ie management area and a federal - .. _.,.••~•u~ Th 
.._. ~. ~s •8 · e northeast slope of the Rattle-
"• :., · along the southwestem boundary of 
~ • :1 t:t?s;gnated as the Arid Lands Ecology 

,-. ~Le: ; a d · 
~::-, CCE. n IS USed for ecologicai 

2.3 

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 
popu1ation 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 t..,e Tri-Cities, the Yakima area, 
several small communities, and the surrounding 
agriOJltural area. More detail on Site charac• 
teristlcs and activities is available in '"The Finat 
Environmentat Statement, Waste Management 
Operatklns, Hanford Reservation" (ERDA 1975). 

SUBSURFACE CHARACTERISTICS OF 
THESITE 

The DOE operations on the -Site have resulted in 
the produdion of large volumes of. waste water 
that have historically been discharged to the 
ground through cribs, ditches, and ponds. 
These discharges greatly influence the physics 
and chemistry of the subsurface. Approximately 
2S billion -liters of liquid effluent in the 200 Areas 
and 2.6 billion liters of liquid effluent in the 
100N Area were disposed to the ground during 
1986, including procass 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 Uranium 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 disposal of water 
containing radioactive wastes, while surface 
ponds and ditches have primarily been used for 
the disposat of uncontaminated cooling water 
(Graham et al. 1981). Sanitary wastes are 
discharged to the ~round via tile fields. The 
majority of liquid disposal occurred in the Separa
tions Area, whicn 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 w.aste 
water to the ground in the 400 Area were 
minimat. 



Geologic and hydrolOgic pr0pert1es of the sub
surface, including stratigraphy and physical and 
cnemical pr0perties of the host n;id<, imluence 
the movement of the liquid effluents. The 
geclogy and hydrolOgy beneath the Site and the 
physical nature of liquid effluent movement are 
described in more detail in the following 
sedfons. 

Geology 

The main geclcgic units beneath the Hanford 
Site inc:2Jde, 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 geoe 
logic cross sedion of the Site is shown in Figure 
2.2. 
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The Columbia River Basalt Group is a thick sene- \ 
of basalt flows. The basalts have been wa~e~ 

1 
and foided, pr0ducing anticlines that, in sorr..; \ 
places, crcp out at the land surtace. The Ringo:-: 
Formation overlies the basalts except in sorr... 

1 
localized areas. This formation consists of fluvi~ 
and lacustrine sediments and is separated intc 
four lithologic units: basal, lower, middle, anc 
upper. The basal and middle units cons~ 
mostly of semiconsolidated gravels and sands 
whereas the lower and upper units consist 
mainly of bedded silts and sands. Seneatn the 
200-West Area, sediments of the upper Ringotc 
Formation have been reworked by the wind anc 
d~osited as a silt layer called the Palouse soil. 
The Hanford formation rests atop the Ringolc 
Formation or Palouse soil. The Hanford forma
tion aiso rests atop basalts in places where 
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FtGURE 2.2. Geologic Cross Section of theSite (modified fr0m Tallman et aJ. 19i9} 
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ttte Ringold formation has been removed. 
These sediments were deposited by the an
cestral Columbia River when it was swollen by gla
cial meltwater. The gtaeiofluviaJ sediments con
sist primarily of gravels and sands, with some 
silts_(Newccmb, Strand and Frank 1972). 

Hydr01cgy 

Both ccnflned and unccnfined aquifers are 
present beneath the Hanford Site. Toe ccnfined 
•fers, in which the ground water is under pres
sure greater than that of the atmosphere, are 
found primarily within the Cotumcia River basalts. 
In general, the unconfined or water-table aquifer 
is located in the Ringold Formation and gfacio
ttuvial sediments, as well as some more recent 
alluvial sediments in areas adjacent to the Colum
bia River (Gephart et aJ. 1979). This relatively 
sttallow aquifer has been affected by waste
water disposaJ at Hanford more than the 
confined aquifers (Graham et aJ. 1981). Toere
'ore. the unconfined aquifer is the most 
:r.oroughly monitored aquifer beneath the Site. 

The unconfined aquifer is bounded below by 
l!lltier the basalt surface or, in places, the rela
~ty imper.vious clays and silts of the lower unit 
d tl'le Ringold Formation. Laterally, the unccn
':r.eci aquifer is bounded by the anticlinaJ basaJt 
!"C;es that ring the basin and by the Yakima and 
C;~mcia rivers. The basalt ridges above the 
•r.er table have a low permeability and act as a 
:.urier to lateral flow of the ground water 
.Gc!pnart et al. 1979). Toe saturated thickness of 
'!"-t unconfined aquifer is greater than 61 m in 
ICmt areas of the Hanford Site and pinches out 
k:n() the flanks of the basalt anticlines. The 
~n from the ground surface to the water table 
~es from less than 0.3 m near the Columbia 
•-~ to over , 06 m in the center ot the Site. 
~ elevation of the water table above mean sea 
~ tor June of 1986 is shown in Figure 2.3. 

~..n;e to the unconfined aquifer originates 
'¥ ,~era1 sources (Graham et al. 1981). Natu
~r. .arge occurs from precipitation at higher 
,.. -1:lns and runoff from ephemeral streams to 
~ ~ st

- SUCh as Cold Creek and Dry Creek. 
~•tr ax,rna River recharges the unconfined 
:# ~ as~ flows along the southwest boundary 
~~~Ha~rord Site.. The Columbia River re
~.:. 

1 e unconfined aquifer during high 
,. • ·,--r,,.n riv 

. ~ff a, - er water is transferred to the 
~tr r~ng th~ river bank. The unconfined 

e111es little, if any, recharge from pre-
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cipitation directly on the Hanford Site because of 
a high rate of evapotranspiratfon under native 
soil and vegetation conditions. However, pre
sent studies, such as those des::ribed 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 
agriaJJturaJ irrigation and liquid-waste disposaJ in 
the operating areas at Hanford. Recharge from . 
irrigation in the Cold Creek VaJley enters the 
Hanford Sita as ground-water flow across the 
western boundary. ArtifldaJ recharge from waste
water dlsposaJ at Hanford occurs principally in the 
Separations Area. It was estimated that re
charge tc 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 an annuaJ 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 aJ. 1981). 

The operationaJ 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 local 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 unconfir.ed aquifer have changed 
continuously during Site operations because of 
variations fn 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 aJso occurs in the 1 oo 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 
influe~ed by rtver stage. 

Uquld Effluent Movement 

If significant quantities of liquid effluents are 
discharged to the ground at tne Hantord Site 
waste disposaJ facilities, then these effluents 
would percolate downward through the 
unsaturated zone to the water table. As 
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,., efftlents move through the unsaturated zone, 
·1sorption onto soil particles, chemicaJ precipita• 

. n, and ion exchange delays the movement of 
some uncomptexed radionuclides, such as 
:Osr. 137 Cs. and ~9.240Pu. Other ions. such 
as nitrate (NO:]), and radiontJdices, such as 3H, 
129t, and S9Tc, are not retained by the soil as 
readily. These constituents move through the 
soil column at varying rates and eventually enter 
tna ground water. Subsequently, the ncnattenu
ated constituents move downgradlent_ in the 
same direction as and at a rate nearty or often 
eQUat to the flow of ground water. As the con
strtuents move with the ground water, radio
nudide concentrations are reduced by spread• 
1n; ( dispersion) and radioactive decay . 

MAJOR ACTIVmES 

t . Previously. the Hanford Site housed and ope
r.tted up to nine produdion readers. including 
.ew;nt with once-through cooling by treated river 
water. Between December 1964 and January 
t971 . all eight reactors wrth once-through cool
~ 'Nere deactivated. The N Reactor, which is 
"~ c:roduction reactor remaining in operation, 

4 

/ 

:-.:a a C!osed primary cooling loop. 

_z:o"lUt ma1or DOE operating areas exist at the 
. .r:torcs Site (i.e .• 100, 200, 300, and 400 Areas 
; F t;t:te 2., l I. The 100 Areas include facilities for 
:-.. N Reactor and the eight deadivated pro
C11C:ion reactors along the Columbia River. The 
1'9.r.or tuet reprocessing plant (PUREX), Plu• 
'l:l"~m Finishing Plant (Z Plant), and waste
~c;ement facilities are on a plateau about 
11 l km from the river, in the 200 Areas. The 
XO Area. just north of the city of Richland, 
~ the reactor fuel manufacturing facilities 
.._, researcn and development laboratories. 
~ :Jsi Flux Test Facility (FFTF) is located in 
"- ~~ Area. approximately 8.8 km northwest of 
"'-~Area. 

::~~ owned facilities located within the Han
fa.t::4c Sd.: t:loundaries include the Washington 
• ....,. ewer Supply System (Supply System) 
~ ~ ~enerat1ng station adjacent to N Reac
~ S4Jcciy System power reactor and office 
u.. 1 Jncl a low-level radioactive-waste burial 

~~r.1:~ Oy US E 
•~~-~ ~- . . . cology. The Advanced 
1er-, ~~-~'Corp. (_formerly_ Exxon) fuel fabrica• 
~ t .s ,mmediately ac1acent to the Hanford 

!&½sS 
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Principal DOE operating contractors at Hanford 
during 1986 included the following: 

Rockwell Hanford Operations (Rockwel0 - re
sponsible for fuel reprocessing, waste manage
ment, and Site support ser,ices, such as plant 
security, fire protection, central stores, and 
electricaJ power dimibution. 

Battalle Memorial lr.stitute (BMI) - responsible for 
operating PNL for DOE. Paciflc Northwest Lab
oratory activities include research and develop
ment in the physicaJ, life, and environmental 
sciences: chemistry: and advanced methods of 
nudear waste management. Pacific Northwest 
Laboratory is alS0 responsible for environmental 
monitoring at the Site. 

UNC Nudear Industries (UNC) - responsible for 
fabricating N Reactor fuel, operating u,e 
N Reactor, and decommissioning formerly used 
DOE facifities, including deactivated produdion 
reaacrs. 

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

Hanford Environmental Health Foundation 
(HEHF} - responsible for occupational medicine 
and environmer.tal health support services. 

OperatlonaJ Highlights 

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 
electrical power. Since its startup, the N Reac
tor has supplied steam tor the production of 
over 65 billion kilowatt-hours of electricaJ 
power, which has been supplied to the 
Bonneville Power Administration grid covering 
the Pacific Norttrwest. 

• The PURECPlant fuel reprocessing facility 
located in the 200E Area completed a third 
year of operation since restart of operations in 
1983. The uranium oxide plant (UO3 Plant) 
operated as needed through . 1986. The 
Plutonium Reclamaticn Facility at Z Plant oper
ated throughout ttie year as well. 
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collection, in accordance with documented 
procedures. Further details on analyses are 
found in Appendix D and in the ·Quality 
Assurance· section. 

RADIOLOGICAL MONITORING 
RESULTS FOR THE UNCONF1NEO 
AQUIFER 

Ground-water monitoring for certain radiologicai 
constituents at the Hanford Site was based on 
past and/or present waste management prac
tices. Table 3.6 identifies major constituents 
associated with Site operations. Radlologicai 
monitoring results for tritium, gross alpha, gross 
beta. 60c0 , 137cs, 106Ru, 125sb, 131 1, 1291, 
uranium (total and isotopic), and strontium 
isotopes are discussed below. (Nitrate and Cr 
results are discussed in this section in ·chemicat 
Mor.itoring Results forthe Unconfined Aquifer.j 

" 
Past monitoring results have shown that tritium is 
present in ground water, it also appears to be the 
most mobile radionucilde at the Site. As a result, 
tritium reflects the extent of contamination in the 
ground water from Site operations. Figure 3.12 

· illustrates the 1986 distribution of ave~ge tritium 
concentrations in the unconfined · aquifer, 
resulting from 40 years of Site operations. 
Contours of tritium concentrations shown in 
Figure 3.12 were drawn based on the analysis 
of ground-water samples collected from moni
toring wells. For each well, an average value of 
up to 12 tritium measurements was used. (The 
contour level .of 5000 pCi/L serves to delineate 
tritium concentrations above background levels; 
this contour was not used in previous reports.) A 
summary of tritium concentrations in wells 
sampled during 1986 is presented in Appen
dix A, Table A.12. 

Tritium plumes in the 100 Areas are the result of 
fiquid waste dlsposaJ during past and present 
reactor operations. During 1986, tritium concen
trations exceeded· the DWS (20,000 pCi/L) 
beneath isolated portions of the 1008, 100F, 
1 OOK, and 1 OON Areas. Tritium distributions 
beneath the 1008 and 1 OOF Areas appeared to 
have stabilized or diminished slightly from 1985 
to 1986. The highest tritium concentration 
within the 100 Areas was observed in well 1-K-
30 (see Figure 3.10 for location). The average 
tritium concentration in that well increased from 
420,000 pCi/L in 1985 to about 640,000 pCi/L 

in 1986. However, this increase remained within 
the range of concentrations measured since 
1981 (470,000 to 880,000 pCI/L). No other 
wells within the 1 OOK Area had concentrations in 
this range, although tri1ium concentrations 
above background levels appeared in well 1-K-
29 (averaging 27,000 pCi/L) . during 1986. 
Tritium concentrations in wells surrounding the 
100N Area remained r.elatively stable during the 
past year. The range of average yearly tritium 
concentrations in the immediate vicinity of the 
1 OON Area liquid disposaJ f acifitles was about 
30,000 to 110,000 pCi/L The tritium distribu
tion beneath the 1 OON Area changed because 
liquid effluent disposaJ to the 1301 N Liquid 
Waste Disposal Facifity (LWDF) was discontinued 
and the 1325N LWDF, which is farther from the 
Columbia River than the 1301N LWDF, was 
activated. All concentrations observed in the 
100 Areas were significantly lower than the DCG 
(2,000,000 pCil'-) fortritium. 

SeveraJ tritium plumes emanated from the 200 
Areas. The distribution of tritium beneath the 
200E and 200W Areas is the result of disposal of 
flquids used in chernicat processing activities. 
The potential sources of these tritium plumes 

. were identified by comparing data on each of the 
plumes with data. presented in the Draft Phase I 
Installation Assessment of Inactive Waste
DisposaJ Sites at Hanford(a). This comparison 
suggested that process condensate liquid 
wastes from the PUREX Plarit (in the 200W Area) 
and from past operations at the REDOX Plant (in 
the 200W Area) represent the ,major sources of 
tritium. (Process condensate is water that is 
condensed from closed systems that are in 
dired contact with radioactive material.) . At both 
the PUREX and REDOX plants, process 
condensates resulted from the initial dissolution 
of the nuclear fuel. A widespread plume situated 
between the 200E Area and the Columbia River 
(Figure 3.12) is primarily a result of operations at 
the PUREX Plant during 1956 to 1972. The 
historicaJ movement of tritium along ground
water flow paths from PUREX to the Columbia 
River was also observed at individual monitoring 
wells. The tritium concentration history at well 6-
41-23 (Figure 3.13), located midway between 

-
(a) u. S. Department of Energy, 1986, Dratt 

Phase I Installation Assessment of Inactive 
Waste-OisposaJ Sites at Hanford, Richland, 
Washington. 
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the 200E Area and the Columbia River (Fig
ure 3.10), showed inc:reases (until about 1977) 
and decreases (from 19n to the present) in 
concentrations as tritium flowed past the well. 
The decrease in concentrations at this well 
resulted from the diSC0ntinuation of PUREX 
operations in 19i2. when ground water with a 
lower tritium concentration began flowing past 
the well. Tritium concentration histories at three 
other locations [wells 6-40-1 and 6-42-2 near 
the ColurTiJia River (Figure 3.14) and well 6-
42-12A located farther inland (Figure 3.15)] 
also showed increases in tritium • during the 
1970s. Concentrations have not yet begun to 
decrease at these wells as shown by their 
location in the plume (within the contour of 
200,000 pCI/L; see Figure 3.12). It is expected 
that concentrations in these three wells will 
decrease (as they have in well 6-41-23) when 
the cleaner ground water reaches the wells. The 
variations in concentrations at wells 6-40-1 and 
6--42-2 can be partially attributed to the mixing 
of surface water in the aquifer as the Columbia 
River stage cnanges. 

Recent increases in tritium concentrations were 
observed dose to the 200E Area in wells 6-32-
43 and 6-33-42 (lo~ted in Figure 3.10). These 

Constituents 

Tritium, 60eo, 90s,, Cr 
Tritium, ninte, 137cs, 129i 
Uranium, Cr 

two wells, which were drilled in 19n, showed 
decreasing tritium concentrations during the 
time the PUREX Plant was shut down, and then 
increasing concentrations in 1985 as a result of 
increased Uquid waste disposal in early 1984 (Fig
ure 3.16). These increased concentrations indi
cated the presence of a second, smaller area of 
tritium concentrations that were acove 200,000 
pCI/L in the region near the PUREX Plant (soutl1-
east comer of the 200E Area) (Figure 3.12}. 

Another major tritium plume, in the southern 
portion of the 200W Area, emanated from the 
REDOX Plant, which processed fuel from 1951 
until 1967. This plume was less widespread and 
had higher concentrations than the first plume 
produced by the PUREX Plant. The lower 
hydraufic conductivity of the g~ologic media 
resulted in slower ground-water flow rates near 
the 200W Area. 

Figure 3.12 shows 1986 tritium concentrations 
that were acove 5000 pCi/L in the northern 
region of the 200W Area, in the region east of 
the 200E Area (near B Pond), and between 
Gable Butte and Gacle Mountain. These plumes 
are the result of past Hanford operations. The 
waste disposal practices that created these 
plumes were not identified. 

A comparison of the average tritium con
centrations in each well for 1986 (Figure 3.12) 
showed one plume near REDOX at levels above 
the DCG (2,000,000 pCi/L). Several locations 
showed tritium concentrations above the DWS 
(20,000 pCI/L). Th·ese locations included 
1) isolated portions of the 1008, 100F, 100K 
and 100N Areas, 2) the 200W Area, and 3) the 
large· plume located between the 200E Area and 
the Columbia River. 

During 1986, samples from ten wells were 
analyzed for gross alpha activity in the area of th~ 
highest tritium concentrations to the south of 
and along the Columbia River and just south of 
the midpoint betwe~n the 200W and 200E 
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i 
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The per capita dose was calculated to be 
- 0.004 mrem (0.00004 mSv). ; 

~ 

~ 

~ 

• i 
lit 
ll-
~; -• i ;· 
s .. 
ii;. 

i 
~ • 
~ 
i 
J 

' co ¼ 
c:J j 

~ i 
t J 

co i 
'.~- ... 
~ i ~
- : . ....... ~ 
a-,.. 1 

i 

RACIOLOGICAL IMPACT FROM PUREX 
PLANT OPERA TlONS 

The PUREX Plant restarted operations in Novem
ber 1983 and continued operations through 
September 1986. In addition to the dose con
trtcutions identified earlier from PUREX Plant 
operations, other minor dose contributions of 
interest are disa.issed here. Toe greatest pe
rcentage of airt:,ome emission from the PUREX 
Plant in 1986 was 500,000 Cl ot SSKr (see 
Table G.1, Appendix G). Ktyptcn-85 is an inert 
gas and is not retained in environmental media or 
tne human body. Toe dose from inhaling SSKr is 
small compared with doses from other radio• 
nudides. Even though the curie quantity of this 
radionuclide was large, it was a minor contributor 
ta tne radiation dose. The average concentra• 
non of 85Kr measured in 1986 at the perimeter 
monitoring stations was 100 pC!/m3, which was 
caJailated to produce a potential effective dose 
at 0.002 mrem to an individual who was at that 
rocanon 100% of the time. 

• lrt 1986, there was also 0.003 Cl of 239.240pu 
;n airt:lome emissions from the PUREX Plant (see 
iable G.1, Appendix G), compared to 0.0.1 Cl 
in 1985. Plutonium-239,240 was also a minor 
comrtbutor to the dose from 1986 Hanford 
operations. with a maximum potential effective 
dase ct 0.002 mrem (0.00002 mSv). 

4.7 

RADIOLOGICAL IMPACT ON CRINKlNG 
WATER FROM WEU.S 

During 1986, ground water was used as the 
source of drinking water for the 400 Area 
(FFTF}, the Yakima Barricade Guardhcuse, and 
the Hanford Patrol Training Academy. Samples 
were collected from these systems throughout 
the year in accordance with applicable drinking 
water regulations. With the. exception of tritium 
concentrations measured in the drinking water at 
the FFTF, 1986 results were similar to those ob
served during previous years. Tritium concen
trations in the drinking water at the FFTF de
creased from an average of 22,000 pCi/L in 
1985 to 8,500 pCI/L in 1986 as a result of drill• 
ing a new, deeper well for the drinking water 
scurca. 

The effective dose to a worker at FFTF consum
ing 250 L cf such water during 1986 was esti
mated to be 0.13 mrem or 3% of the Washing
ton State Drinking Water Standard of 4 mrerntyr. 
Radionuclide concentrations observed during 
i986 were well below applicable drinking water 
Omits in ail cases. The monitoring results, non
radiological as well as radiological, from the Han
ford Sanitary Water Quality Surveillance Program 
are discussed in more detail and reported annu
ally by HEHF (Somers 1987). 
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iABLE B.l. Strontium-90 Analyses from Columbia River Samples 

River Mile Samp1e ~ate Concer.tration, 
Location IO Collected EC i /t ::2cr 

3.0-5 .0 B Comp RW{a) Ol/ZZ/83 0.55 ± 0.23 .. 
5. 5-7.5 K Comp R\J 12/18/82 0.18 ± 0.02 
8.0-9.5 N Comp RW 12/18/82 28 :: 0.47 
10.0-12.0 D Comp R\l 12/18/82 . 1.1 ± 0.05 

14.0-17.5 H Comp RW 01/22/83 a.so = 0.14 
18 .0-22.0 F Comp RW 01/22/83 0.93 ± 0.15 
Upstream Columbia 
River Concentration 
(Average 1983) 0.18 ± 0.22 
DOE Concentration 
Guide (USOOE 1981) 300 

(a) Comp-RW denotes composite river water samp1e comprised of 
a1iquots from ilffllediately preceding river samp1e 1ocati ons . 

TABLE B.2. Iodine-129 Ana1yses from Spring and Columbia River Samples 

~iver• Mile .. Samp1e Date 
Location ID Collected 

27.0 27 .c ai/a) 01/22/83 
27.C 27-1 Sp(b) 09/11/83 
28 .0 28-2 Sp 09/11/83 
29.0 29 .0 RW 01/22/83 
31 . 75 31-5 Sp 09/11/83 
32.5 32-0 Sp 09/11/83 
Upstream Columbia 
River Concentration 
(1983 Average) 
DOE Concentration 
Guide (USOOE 1981) 

(a) RW denotes composite river water sample. 
(b) Sp denotes river bank spring sampl_e. 

B.3 

Ccncentra t i on, 
ECi/t :2cr 

3.3x10·6 : l.4x10·6 BJCG 
-4 -5 l.6xl0 ± 2.lxlO PG 

s.zx10·2 : 6.8x10·3 -
-5 -6 6.3xl0 :: S.OxlO 
-5 -6 3.CxlO : 4.0xlO 
-5 .. . -5 

4.4xl0 ± ~.7xl0 

-5 -5 2.4xl0 : 2.6xl0 

60 
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RHO-C0-673 

I1iuEX - · VOLUME ! 200 EAST AREA 

Southeast Quadrant 

216..A-2 Crib 
216..A-3 Crib 
216-A-4 Crib 
216~-5 Crib 

I. SE 
I. SE 
I. SE 
I. SE 

216-A-9 Crib I. SE 
216-A-10 Crib I. SE 
216..A-11 Crib I. SE 
216..A-12 French Crain I. SE 
216-A-13 French Crain I. SE 
216..A-14 French Crain I. SE 
216..A-15 French Crain I. SE 
216..A-16 French Crain I. SE 
216..A-17 French Crain I. SE 
216-A-21 French Crain I. SE 
216..A-22 Crib (Fr. Crain)I. SE 
216..A-23A French Crain I. SE 
216-A-238 French Drain I. SE 
216~-26A French Drain 
216..A-268 French Drain 
216-A-27 Crib 
216..A-28 Crib 
216..A-31 Crib 
216..A-32 Crib 

I. SE 
I. SE 
I. SE 
I. SE 
I. SE 
I. SE 

Ref. 5 .1 

216-A-33 French Crain 
216-A-JS French Drain 
216-A-36A Crib 
216-A-368 Crib 
216-A-38 Crib 
216-A-39 Crib 
Zl 6-A-40 Trench 
216-A-41 Crib 
216-C-l Crib 
216-C-2 Crib 
216-C-3 Crib 
216-C-4 Crib 
216-C-5 Crib 
216-C-6 Crib 
216-C-7 Crib 
216-C-10 Crib 

I. SE 
I. SE 
I. SE 
I. SE 
I. SE 
I. SE 
I. SE 
I. SE 
I. SE 
I. SE 
I. SE 
I. SE 
I. SE 
I. SE 
I. SE 
I. SE 

218-E-1 Burial Ground I. SE 
218-£-13 Buri a 1 Ground I. SE 
218-E-14 Purex iun. Star.I. SE 
2.18-£-15 Purex Tun. Ster.I. SE 

- -· 



CONT.~MINAiEO LIQUID DISPOSAL SITES 
RHO-C0-673 

I. S£ 

Name/Type of Facility 

C:-ib 

! P.ist Jes ignat ion 
' 

216-A-Z Cavern 

Location ZOO Eut, S£ Quadrant 

200 East Area, 250 ft south of Z02A Bldg. 
900 ft west of Canton Avenue 
S.W. of the 291-A-l stack. 

1 5er•li ce Dates 

I 
: 1/56-1/63 

! 
' 

1 te oordinaces Approximar:.e) I Reference Drawin·gs 
N-39515, W-48278 H-2-56049 

! Elevati ons 
I Ground 

Status 

Inactive 

712 ft 
H-2-56050 ; Water Table 

i Site Death 
403 ft (1973 ) 

,.;a; t 
Source and Description of Waste 

2.3 x 105 liters. Organic waste frem 202A (Pur!x). Low-salt, neutral-basic . 

Oescriction of Fac i lity 
Rock structure, 20 ft x 20 ft bottom surface area. 
Oeactivated 1when the specific retenticn capacity was reacned,by removing a sect ~o n 
of effluent pipeline. 

Rad ionuclide Content (calculated from discharge daca ) 
At time As of 

Radionuclide of Discharge 6/30/78 

Pu, g 
Beta, Ci 
90S r, Ci 
l06Ru, Ci 
l3 7Cs, Ci 
;oeo, Ci 
U, kg 

Ref. 5.2 

130 
590 

2 
150 

3 
1 

78.1 

l . 3C x 102 
< 6.49 

! . 24 
3. 67 x l0-1o 
1.92 
j .99 X 10-z 
7.81 X 101 

--
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CONTAMINATED LIQUID DISPOSAL SITE3 
RHO-C0-673 
I. S£ 

Name/iype of Facility 

Crib 

Location 200 East, S.E. Quadrant 

i Past :lesignation 
I 

216-A-3 Cavern 

, Service Dates 
I 
I 

Directly South of 275-EA Bldg. and ~1200 ft
1 

l/So ta ll/67 
west of Canton Ave. 

·rrlumber 
I I 216-A-3 
I 

I Status 

' Active I 
I 
i 

- ~ 

'-----....,..----,~-~-~--~--- ·-•-------------- -
~1 te Coordinates (Approximate) Reference Drawings ! Elevations 

I 
N-40530; W-48S40 H-2-55900 I Ground 

H-Z-SSo49 ! ~ater Table 
H-2-560S0 · Si 

1 
te Depth 

Source and Description of Wdste 

704 ft 

404 ft 
· 16 ft 

2.8 x 106 liters: Silica-Gel regeneration waste from 203-A, the UNH storage 
pit drainage and the liquid waste from the 203-A Pumphouse. 

Description of Facility 
· Rock filled crib. Area 20 ft x 20 ft bottom dimensions. 

Radionucl ide Content (calculated from discharge data) 
At Time 

History: 

Radionuclide of Discharge 

Pu, g 
Beta, Ci 
90Sr Ci 
l06R~. Cf 
l3 7Cs Ci • 60co, Ci 
U, kg 

0.20 
882 
0.10 
350 

<0.10 
<0.10 

1.7 X 103 

As of 
6/30/78 

.20 
< 0.263 

5 .82 X lQ-2 
7 .14 X 1.0-i+ 

< o ·. 0J X lQ-Z 
< 5.50 X 10-J 

l.6a x 103 

Receives UNH storage pit dra,inage; the ·liquid waste from the 203-A Pumphouse - ... 
and 203-A'""'s"fdg enclosure sumps, and the heating · coil condensate from the P-1 -
through P-4 UNH tanks. The discharge of silica gel to this crib was discontinued 
sometime between 1967 and 1970. 

Ref. 5.3 

- ·---~ 



CONTAMINATED L!QU[D DISPOSAL SITES 
RHO-C0 -073 
I. SE 

.. 
Name/Tyoe of Facility I Past Designati on Number 

Crib 216-A-4 Cavern 216-A-4 

Location 200 East, S.E. Quadrant : Service Oates Status 
I 

260 ft south of 202-A Bldg. 12/55-12/ 58 I Inactive 
760 ft west of Canton Ave. i I 150 ft east of 216-A-Z. 

i 

' 
51 te coordinates (Approximate) I Reference Draw in2s I Elevations 

I I Ground 710 ft 
N~39515, W-48158 H-2-56049 ; Water Tao 1 e 403 ft(1973) H-2-56050 

; Site Depth 25 ft 

Source and Description of Waste 

6.21 x 106 liten. Laboratory cell drainage from the Purex Plant and 291-A-1 
stack drainage. Low-sa l t , neutra 1 -basic .· 

Description of Facility 
Rock structure 20 ft x 20 ft bottom surface area. 
Deactivated when the specific retention cap!ci ty was 
pipeline i~let to the crib. 

Radionuclide Content ( ca lcu l a ted 

Radionuclide 

Pu, g 
Beta, Ci 
90sr, Ci 
l0 6Ru, Ci 
137Cs, Ci 
60co, Ci 
U, kg 

from discharge data j 

At Time 
f rQ o D,scha e 

140 
864 

10 
400 

15 
1 

399 

Ref. 5. 4 

reached by blanking 

As of 
6/30/78 

l . 40 x l02 

2 . 96 X l0 1 

5 -93 
2.05 X :J-.. 
9.l9 
6.07 X lQ-Z 
3.99 X .!.02 

the 

--



CONTAMINATED LIQUID DISPOSAL SITES 
RHO-CU-673 
I. SE 

Name/Type of Facilitv 

Crib 

J Past Designation 

I 216-A-S cavern 

l N~mber 
I I 21 s-A-s 

I Status Location 200 East, S.E. Quadrant 

450 ft south of 202-A Bldg. 

1 Service Dates 

I 12155-11 / 61 1 Inactive 
1400 ft west of Canton Ave. 

S1 te c.:oordinates (Approximate) 

N-39510, W-48750 

. 
I 

I 
I 

, . . 

j Elevations 
I Ground 

' i 

no ft 
Reference Drawings 

H-2-55900 
H-2-56049 
H-2-56050 

i water Table 
i Site Depth 

404 ft ( 1973) 
32 ft 

Source and Description of Waste 
1.63 x 109 liten. Process condensate from 202-A. Acidic. 

Oescriptio~ of Facility 

One crib, rock structure, 35 ft x 35 ft bottom surface. 
Deactivation: Effluent pipeline to crib was blanked out. 

Radionuclide Content (calculated from discharge data) 

Radionuclide 

Pu, g 
Beta. Ci 
90Sr, Ci 
l0 6Ru, Ci 
13 7Cs, Ci 
60eo, Ci 
U, kg 
233LJ, g 

Site Characterization Status 

At Time 
of Oi sch a r9e 

65 
3400 

90 
150 

25 
110 
263 

none 

As of 
6/30/78 

6.50 X lOl 
< l. 54 x .lc2 

5.62 x l01 
5.05 X :~-t.. 
l.cl x 101 

8.9;. 
2.63 X :c2. 

- .... 

!
Well t~o E24-1A was drilled to a depth of 320 ft at the south edge of the 
216-A-5 crib in 1966 to determine locations and concentrations of subsurface 
contamination. Analytical data on core sami,les from this weil show rapidly 
decreasing 137Cs concentrations from a moderate level ·of 4.4 x 10·3 ~Ci/g at 
about 35 ft to a low level of 1o·s uCi/g at about 65 ft. The 1 37Cs values were 
at or below the detection limit of 10·6 uCi/g throughout most of the soil column . 
The 90sr. concentra ti ans were be low the detection limit ( 3. 2 x 10- 5 :iC i / g). . .-

Ref. S.S 

-~ -, .. ·-· 
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CONTAMINATED LIQUID orsPOSAL SITES 
RHO.C0-673 
I. SE 

---- ! Past Desisnation Na111e/Tipe of Faci 1 i tt I ~:umber 
i 

I 

Crib ! -- j 216-A-9 
I I 

I I 

Location 200 East, S.E. Quadrant Service Oates ! Status 
I 3/56-Z/58 

500 ft west of 241-A Tank Fann 4/66-10/66 I Inactive ; 
900 ft north of 275-EA Bldg. 8/69-8/69 : 

: 
I 

~ 1 te co ordinates (Approximate} Reference Drawings I Elevations 
H-2-SSSTT 694 ft N-41000, W-4835:i to I Ground 
H-2-55578 ; Water iable 404 ft(1973) N-41297, W-48652 H-2-55579 I 

j Sf te Depth 12 ft 

Source and Oescrietion of Waste 

9.81 x 108 liten • ....Ai£id fz:actiocatAc condensate and condenser cooling water from 
202-A ( 3/ 56-2/ 58) ; N eactor decontamination waste (1966); acid fractionater 
condensate (1969) . Acidic. -

· Description of Facilitv 
One crib, rock structure, 420 ft x 20 ft bott6m area. 
Dea ct i va tion: Effluent pipeline was blanked north of 202-A-3 Bldg. after 
100 ft of effluent pipeline which failed. 

Radionuclide Content (calculated 

Radi onuc 1 i de 

Pu, g 
Beta, Ci 
90s r, Ci 
l0 6Ru, Cf 
137Cs, Ci 
6 °Co, Cf 
U, kg 

Site Characterization Status 

from di scnarge data) 
At Time 

of Oischa~e 

0.5 
190 

25 
so 
10 
C .14 
0.23 

As of 
6/30/78 

.;o 
<4l . 8 
l4 . 9 

l . 70 x 10-i. 
6.17 
l. 57 x 10-z 
0.22.7 

~placing 

--Well E24-3 monitors the southeast end of the 216-A-9 Crib. Waste disposed at _ 
this site contained oniy an estimated 54 Ci of radioactivity. No ground conta~i na
tion was noted on the 1959 scintillation well log. A small amount of contamina 
tion from 30 ft to 100 ft below ground surface is indicated~n the 1963 log . 

. -

Ref. 5.6 
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CONTAMWATEO LIOU ID DISPOSAL SITES 

Name/Type of Facility 

Crib 

! Past · Oes ignation 
I 

! -

Location 200 East, S.E. Quadrant i Service Dates 

I Approximately 270 ft south of the southwest , 11/61-
corner of 202-A. . ! 

::i 1 te J..O ordi na ces (Approximate) Reference 

N-39090, W-48952 to H-2-55576 
N-39370, W-48952 H-2-55578 

I 
I 
' 

Draw i.!!9.l ! 

I 
I 

' 

Elevations 
Ground 

Watar Table 
H-2-58131 : Site Depth 

I 

Source and Description of Waste 

2.9 x 109 liters. Process condensate from 202-A. Acidic. 

Desc;rip-tion of Facilitv 

Crib, rock-filled. 275 ft x 45 ft bottom dimensions. 

Radionuclide Content (calculated from discharge aatai 
At Time 

Radionuclides of Oischaroe 

Pu, g 
Beta, Ci 
90S r. Ci 
106Ru, Ci 
l 37Cs, Cf 
60cc, Ci 
U, kg 
2 33U, g 

Site Characterization Status 

3.4 X 102 

8.1 X 10 5 

1.5 X 1Q2 
7.3 X 103 

1.3 X 102 

1.8 X 102 

2. 0 X 1 Q2. 
2.8 X 102 

As of 
6/30/78 

31'3.0 
< T20.0 

lll.O 
5.49 

106 . 0 
26.T 

204.0 
277 . 0 

RHO-CIJ-673 
I. SE 

!:'lumber 
I 
1 216-A-10 

Status 
I 
I 

, Active 
I 
I 

n4 ft 

404 ft( 1973) c-.. ~ r~,;,~ 

--
Ground water samples taken from montioring wells near the 216-A-10 crib prior 
to 1967 show ~c2!1S.ent,.a-tjgns sliahtlv above detection_Jj,mjt (1 x l~Ci/c:)_. 
However, only small quantities of ~crsr (~7 curies) nad been disposed to this -
site. Th.e.,acidic natu~ of this waste increases the mobility of ~0sr thl'.'ough 
the soi 1 column:------

Ref. 5 · 7 
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CONTAMINATED LIQUID DISPOSAL SITES 

Name/Type of Facility Past Designation 

French Drain --
Location 200 East. S.E. Quadrant Service Dates 

Southeast corner of 202-A 1/56-

s1te coordi~ates (Approximate) Reference Drawings 

H-2-55090 
N-39780, W-18050 H-2-55091 

H-2-55095 

Source and Description of Waste 

Elevations 
Ground 
Water Table 
Site Deoth 

Volume unknown, steam trap Pit No. 1 drainage fran 202--A. 
Low-salt. neutral/basic. 

Description of Facility 
French drain, 30 in. diameter 

Radionuclide Content (calculated from discharge data) 

<50 Ci Beta 

Ref. 5 .8 

RHO-C0-673 
L SE 

·-
Number 

215-A-11 

Status 

Inactive 

708 ft 
404 ft(1973) 

30 ft 

- ... 

l 



CO . 
~.J 
~ 
c:J. 

Ii 
co -C"-J 
~ -...,... a ..... 

CONTAMINATED LIQUID DISPOSAL SITES 

Name/Type of Facility 

French Drain 

Past Designation 

Location 200 East, SE Quadrant 

Center of South side of 202-A, approximatel) 
75 ft from the building. 

Service Oates 

11/55-

51 te Coordinates (Approximate) 

N-39780, W-48503 

Source and Description of Waste 

Reference Drawings 
H-2-53014 
H-2-55090 
H-2-55092 

Elevations 
Ground 
Water Table 

Site Depth 

Volume unkno~n, steam trap Pit No. 3 drainage from 202-A. 
Low-salt, neutral/basic • 

Description of Facility 
't:rench .drain, 30 in. diamter. 

Radionuclide Content (calculated from discharge data) 
<50 Ci total Beta 

Ref. S. 9 

1UiO-CD-6i3 
I. S£ 

Number 

216-A-12 

Status 

Inactive 

708 ft 
404 ft(1973 ) 

33 ft 

--
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CONTAMINATED LIQUID DISPOSAL SITES 

Name/Type of Facilitv 

French Drain 

Past Designation 

Location 200 East, S.E. Quadrant Service Dates 

West end of 202-A Bldg. 

~1 te coordinates (Approximate) 

N-39814, ~-49010 

Source and Description of Waste 

l/56-12/62 

Reference Drawings 

SK-22568 
H-2-55076 

Elevations 
Ground 
Water Table 
! Site Depth 

RHO-C0-673 
I. SE 

Numbe!'" 

216-A-l 3 

Status 

Inactive 

708 ft 
403 ft 

18 ft 

Voli.;ne unknown~ Seal water from the air sampler vacuum pi.;nps in the 202-A Bldg. 
Low-salt, neutral/basic. 

Description of Facility . 

French Drain, 2 ft diameter. 

Radionuclide Content (calculated from discharge data) 

Total Beta: .;l Cf 

Ref. 5.10 

- .... 
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CONTAMINATED LIQUID DISPOSAL SIT£S 

Name/Type of Facility 

French Drain 

Past Designation 

Location 200 East, S.E. Quadrant . 

South side of the center of the 202-A Bldg. 
approximately 75 ft, and 75 ft west of 
216-A-12. 

Service Dates 

V97' to present 
/ , :-

~1te ~oordinates (Approximate) Reference Drawings Elevations 

N-39742, W-48551 H-Z-53465 
H-Z-55090 

Source and Description of Waste 

Ground 
Water Table 
Site Oeoth 

RHO-CD-673 
I. SE 

------
Number 

216-A-14 

Status 

!nact1ve 

708 ft 
403 ft 
29 ft 

Vol\Jlte unknown. Vacuum filter and blower pit drainage from the 202-A Bldg. 
Low-salt, neutral/basic. 

Description of Facility 

French drain, ~in. diameter. 
•:J- · 

Radionuclide Content (calculated from discharge data ) 

Total Beta: <l Ci 

--

Ref. 5.11 
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CONTAMINATED LIQUID DISPOSAL SITES 

Name/Type of Facility 

French drain 

Location 200 East, S.E. Quadrant 

Past Designation 

Ser-vice Oates 

Approximately 325 ft South of the center of 12/55-
202-A 

~1 te coordinates (Approximate) Reference Drawi_!!2. Elevations 

N-39516, W-48656 H-2-56045-2 Ground 

Source and Description of Waste 

1 Water Table 
I Site Deoth 

RHO-CD-673 
I. SE 

Number 

216-A-15 

Status 

Inactive 

712 ft 
404 ft(1973) 

44 ft 

Volume unknown. Drainage from 216-A-10 process condensate sample pit. 
Acidic. ---

Description of Facility 

French drain, 2 ft diameter. 

Radionuclide Conter.t (calculated from discharge data) 

<50 Ci total Beta 

Ref. S.12 

--. 



CONTAMINATED LIQUID DISPOSAL SITES 
RH0-C0-673 
I. SE 

-------~-----------r-::----------,----. Name/Type of Facility Past Designation 

rrench Drain 216-A-16 Ory Well 

Location 200 East, within the confines of 
the 241-A Tank Fann 

Service Dates 

1/56-3/69 

~1te ~oordinates lApproximate) Reference Drawings Elevations 
Ground 
Water Table 
Sfte Depth 

N-41191, W-474f3 H-2-55943 
H-Z-56521 

Source and Description of Waste 

Number 

216-A-16 

Status 

Inactive 

686 ft 

404 ft(1973} 
17 ft 

Vo11Jne unknown. Floor drafnage and 296-A-11 stack drainage from the 
241-A-431 Bldg. 
Low-salt, neutral/basic. 

Description of Facility 
French drain, 4 ft diameter . 

• 

Radionuclide Content (calculated fl'"Offl discharge data) 

Total Seta: <10 Ci 

- ... 

Ref. 5.13 
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CONTAMINATED LIQUID DISPOSAL SITES 

Name/Type of Facility 

French Drain 

I Past Designation 

I 216-A-17 Ory We 11 

Location 200 East, within the conf1nes of 
the 241-A Tank Farm. 

Service Dates 

1/56-3/69 

S1te Coordinates (Approximate) Reference Drawings Elevations 

N-41181, W-47453 

Source and Oescriotion of Waste 

H-2-55943 
H-2-56521 
H-2-56900 

Ground 
· Water Table 

Site Oepth 

RH0-CD-673 
I. SE 

Number 

216-A-17 

Status 

Inactive 

686 ft 
404 ft(l973) 

17 ft 

Volume unknown. Floor drainage and 296-A-11 stack drainage from the 
241-A-431 81 dg. (over-flow) • 
Low-salt, neutral/basic. 

Descriotion of Facility 

French drain, 4 ft diameter. 

Radionuclide Content (calculatefl from discharge data) 

Total Seta: <l Cf 

Ref. 5.14 

--
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I- . CONTAMINATED LIQUID DISPOSAL SITES 

Name/Type of Facility Past Designation 

Crib 216-A-21 Crib 

Location 200 East, S.E. Quadrant 

200 East Area, 600 ft south of 202-A Bldg. 
750 ft west of Canton Ave. 

Service Oates 

10/57-6/65 

~ 1 t~ coordinates lApproximatej Reference Drawings Elevations 
Ground 

N-39300. W-48160 H-2-57042 

Source and Description of Waste 

H-2-57032 ... -~-; - -•~ 
Water Table 
Site Depth 

RH0-CD-673 
I. SE 

Number 

216-A-21 

Status 

Inactive 

711 ft 
403 ft (l9i 3) 
19 ft 

7. 78 x 107 liters. From 10/57 to 6/58, received sump waste from 293-A Bldg. 
From 12/58 to 6/65, received 293-A sump waste, Purex Laboratory cell drainage 
and 291-A-1 stack drainage. Typically low-salt, neutral-basic; waste could 
have been acidic at times. 

Description of Facility . 
Gravel structure, 60 ft x 16 ft bottan suri.ace area. 
Deactivated when the effluent flow rate exceeded the i nfiltration· capacit~ . by 
blanking the effluent line to the crib. 

Radionuclide Content (calculated from discharge data ) 

At Tfme As of 
Radionuclide of Dischar"fle 6i30/78 

Pu, g 
Beta, Ci 
gos,- Ci • l0 6Ru, Ci 
137Cs, C1 
6 °Co, C1 
U, kg 

150 
2800 

15 
200 
150 
10 

195 

Ref. S .15 

150 . 0 
225 . 0 
l0.1 

6 .80 X l0-3 

l04 . 0 
l . 27 

l95 . 0 

--
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... CONTAMINATED LIQUID DISPOSAL SITES 
RHO-CD-673 

I. SE 

Name/Type of Facility 

Crib (French Drain) 

Past Designation Number 

216-A-22 French Drain 216-A-22 

Location 200 East, S.E. Quadrant Service Dates 

"-400 ft North of the Center of the 202-A Bldg. 3/56-12/58 
Near 216-A-28 

~1te Coordinates (Approximate) 

N-40352, W-48560 

- -~ , •• ;: ! .,..,., .. •.:. 

Source and Description of Waste 

Reference Drawings 

H-2-54812 
H-2-54818 
H-2-57617 

~It/I• I'~ : ... -=~.' 
If/If~ _.,.. - - .. o 

Elevations 
Ground 
Water Table 
Site Oeoth 

Status 

Inactive 

708 ft 
404 ft 

16 ft 

Volume unknown. Sump waste from the 203-A Bldg. and heating coil condensate 
from the P-1 through P-4 UMi tanks. Low-salt, neutral/basic. 

Description of Facility 

French drain, rock fi-lled, 6-ft. diameter. 

Radionuclide Content (calculated from discharge data) 

Tota.1 Beta: <1 Ci 

Ref. 5.16 
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CONTAMINATED LIQUID DISPOSAL SITES 

Name/Type of Facility 

French Ora in 

Past Designation 

Same 

Location 200 East, S.E. Quadrant-within the 
confines of the 241-A Tank Farm 

Service Oates 

9/57-3/69 

~1 te coordinates tApproximate) 

' N-41171, W-47463 

Source and Description of Waste 

Reference Drawings 
H-2-55943 
H-2-56521 
H-2-56999 
- 1. - . ... -
• . -v· 

Elevations 
Ground 
Water Table 
Site Depth 

RHO-C0-673 
I. SE 

Number 

216-A-23A 

Status 

Inactive 

686 ft 
404 ft (1973)· 

Not Known 

Volume unknown. Deentrainer tank condensate and back flush from the 
241-A-431 Bldg. Low-salt, neutral/basic. 

Description of Facility 

French drain, 42-in. diameter. 

Radionucltde Content (calculated from discharge data) 

Tota 1 Beta: <50 Ci 

Ref. 5.17 

--
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CONTAMINATED LIQUID DISPOSAL SITES 

Name/Type pf Facility 

French Ora in 

Past Designation 

Same 

Location 200 East, S.E. Quadrant-within the 
confines of the 241-A Tank Farm. 

Ser'li ce Oates 

'.:>1 te ~oordinates (Approximate) 
N-41171 , W-47473 

Source and Description of Waste 

9/S7-3/69 

Reference Drawings 
H-2-S5943 
H-2-S6521 
H-2-S6999 

Elevations 
Ground 
Water Table 
Site Depth 

RHO-CD-oi.3 
I. S£ 

Number 

215-A-238 

Status 

Inactive 

686 ft 
404 ft (1973) 
NA 

Vo ·l ume unknown. 
241-A-431 Bldg. 

Deentrainer tank condensate and the back flush from the 
(overflow). Low-salt, neutral/basic. 

Description of Facility 

French drain, 42-fo. diamter. 

Radionuclide Content (calculate,j from discharge data) 

Tota 1 Beta: <5 Ci 

- .... 

Ref. 5.18 
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CONTAMINATED LlOUI~ DISPOSAL SITES 
RHO-C0-6i3 
I. SE 

--
Name/Tioe of Facilit~ rast Desi2nation Number 

French Drain 216-A-25 Crib 216-A-26A 
216-A-26 French Crain 

-
Location 200 East, S.E. Quadrant Service Dates Status 

.... 100 ft south of the center of the 291 -A 3/59-7/65 Inactive 
Bldg. I 

I 
s 1 te co crdi na tes (Approximate) Reference Orawin2s E1evations 

t•-39550, W-48208 H-2-3325 Ground 708 ft 
H-2-55036 Water Table 403 ft 

Site Death NA 

Source and Oescrietion of Waste 
Vo 1 lJlle unknown. Floor drainage from the 291-A fan -house. Low-sa 1 t, 
neutra 1/basic. 

Description of Facilit~ 

French drain, 3-ft. diameter. 

Radionuclide Content (calculated from discharge da ca) 

Tota 1 Beta: <l Ci 

History: Removed the i16-A-26A French Drain encasement in July, 1965. 
Reconnected the effluent pipeline to the new 216-A-268 French 
Ora in encasement·. 

Ref. 5.19 

--

• 



a-.. 
~ 
~ · 
c:J 

Ii 
ca ,_ 
~-..J 
~ ...,.,.,,.. 
--+
o-...... 

CONTAMINATED LIQUID DISPOSAL SITES 
RHO-CO-oi3 

I. SE 

-------~-~---------'---~--------r--·----Na.me/Type of Facility r..1st Designat ion 

French Drain 216-A-26 French Drain 
216-A-26A French Drain 

Location 200 East, S.E.Quadrant I Service Oates 

· 115 ft south of the center of the 202-A Bldg I 7/65 to present 
15 ft south of 216-A-26A French Drain. r 

I 
S1te Coordinates (Approximate) Reference Drawings Elevations 

Source and Description of Waste 

H-2-55036 
H 'fl- ~- ':'/ -: • .;1" · 
,..t.~4-J • ti.411r "- - .:-• ~ 
,-.-.:...-,~~~ 

Ground 
Water Table 
Site Depth 

Volume unknown. Floor drainage from the 291-A fan house • 
Low-salt, neutral/basic. 

Description .of Facility 
French drain, 4 ft. diameter. 

Radionuclide Content (ca1cu1at~ from discharge data) 

Total Beta: <1 Ci 

Ref. 5.20 

Number 

216-A-26S 

Status 

Inactive 

708 ft 

403 ft 
Not Known 

--
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CONTAMINATED L10UIO DlSPOSAL SITES 
RH0-C0-673 

I. SE 

Name/Type of Facility rast Designation /~umber 

Crib -- 216-A-27 

Location 200 East, S.E. Quadrant. Service Dates Status 

~100 ft. south of 202-A Bldg. 6/65-7/70 Inactive 
"'800 ft west of Cantcn Ave. . 

S 1 te Coorai na tes (Approximate) Reference Drawings Elevations 

N-39100, W-48118 tc H-2-57508 Ground 719 ft 

N-39100, W-48318 H-2-57509 Water Table 402 ft 

Sf te Dec th No~Jcn,o~ 
Source and Descriotion of Waste " 

2.3 x 107 lften. Sump •waste from 293-A S l dg . , the 1 abora tor-J ce 11 drainage 
from the 202-A Bldg. and the 291-A-1 stack drainage. Low-salt, neutral/bas ic. 

Description of Facilitl 

Sand filled crib, 200 x 10 ft bottom dimensions . 

Radionuc1ide Content (calculated 

Radionuclide 

Pu, g 
Beta, Cl 
90s r, Ci 
l06Ru, Ci 
137Cs, Ci 
6 °Co, Ci 
U, kg 

front discharge data ) 

At Time 
of Oischarse 

97 
2.7 X 10 

41 
63 
53 
<2.7 
68 

Ref. 5.21 

3 

.~s of 
6/30/7 8 

96 . ; 
< 159 .0 

33 .1. 

< 

6 . 46 X :o-z 
:.2.9 

~ ... -. ...,, . ..,, 
l6a.c 

--. 

------, 

I 



CONTAMINATED LIOU ID DISPOSAL SITES 

Name/Type of Facility 

Crib 

Location 200 East, S.E. Quadrant 

rlst Des ignation 

216-A-28 French Drain 

Service Oates 

500 ft. North of 202.A, 1250 ft. West of 
Canton Avenue. 

12/58-11/67 

s1te Coordinates lApproximate) Reference Drawings 

: ~, N-40362, W-48595 H-2-57617 

Source and Description of Waste 

Elevations 
Ground 
Water Table 
Site Deoth 

RHO.C0-673 

I. SE 

Number 

216-A-28 

Status 

Inactive 

690 ft 

405 ft ( 1967) 
11 ft ' 

3 x 10~ liters. Waste fran 203-A enclosure sumps and heating coil condensate 
from P-1 through P-4 UNH tanks. Low-salt, neutral/basic. 

Descriotion of Facility . 
One crib, rock structure, 10 ft diameter bottom surface. Deactivation: The 
effluent pipeline tc the crib was blocked north of the 203-A UNH Tank enclosure 
when the effluent flow rate exceeded the infiltration capacity. 

Radionuclide Content (calculated from discharge data) 

Radionuclide 

Pu, g 
Beta, Ci 
90S r, Ci 
106Ru, Ci 
137Cs, C1 
6 °Co, Ci 
U, kg 

At Time 
of Discharge 

None 
31 

None 
None 
None 
None 
632 

Ref. 5. 22 

As of 
6/30/78 

lone 
< 3.l2 x lO-Z 

None 
None 
Yone 
:rone 

632.0 

--
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..,! . •· · CONTAMINATED LIOU ID DIS?.OSAL SITES 

Name/Type of Facility rJst Designation 

·Crib. 216-A-32 Crib 

Location Service Dates 
~~ · ,:-

200 East, S.E. Quadrant 
//1.i- 1-t. · 

.... soo ft south of the center of the 202-A 8ld1p. 7/64-11/66 

~tte ~oordinates lApproximate) 

N-39370, W-48290 

Source and Description of Waste 

Refer!nce Drawings 

H-2-57934 

Elevations 
Ground 
Water Table 

Site Depth 

RH0-C0-6i3 
I. S£ 

Number 

216-A-31 

Status 

Inactive 

704 ft 

404 ft(1973) 
Not known 

1.0 x 10 .. liters. [Organic wast~from the 202-A Bldg. Low-salt, neutral/bas ic. 

Description of Facility 
Gravel filled crib, 7~ ft by 10 ft. 
Deactivation: "L'1 cell nozzles to the 241-A-151 Oiversion bas~ which routed 
the eff1uent to the crib have been blanked. 

Radionuclide Content (calculated from discharge data) 
At time 

Radionuclide of Discharge 

Pu, g 
Seta, Ci 
90Sr Ci t 
l0 6Ru, Ci 
l3 7Cs, Ci 
60 '-o, Ci 
U, kg 

9.0 
2.0 X 10 5 

2.0 
9,5 X 10 .. 

1S0 
0. 10 

21 

Ref. 5.23 

As of 
6/30/78 

9 .0 
< 246.o 

l.42 
6 ,J.O 

l09.~ 
l. 58 x l0-2 

20,5 

--
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CONTAMINATED LIQUID D!S?OSAL SITES 
RHO-CD-673 
!. SE 

-----------~------~----------,----------Name/Type of Facility I r.,st Designation 

Crib I 
Location 200 East, S.E. Quadrant Service Dates 

200 East Area. Approximately 300 ft. north
east of 202-A and approximately 700 ft west 
of Canton Avenue. 

51 te Coordinates {Approximate) 

N-40148, W-47811 to 
N-40212, W-47782 

Source and Description of Waste 

Reference Drawings 
H-Z-5:,900 
H-2-55901 
H-2-56000 
H-2-57110 

1/59-

Elevations 
Ground 
Water Table 
Site Deoth 

Number 

216-A-32 

Status 

Inactjye 

697 ft 
404 ft(1973) 

,.,_~ft 

Vol1.1T1e unknown. East crane maintenance facility floor, sink and shower 
drainage from 202-A. 

Descri~tion of Facility 
. _,,.. 

Crib, gravel-filled, 70 ft x » ft. 
7r;ftt.f ~i 

Radionuclide Content (calculated from dischar;e daca) 

<l Ci Beta 

Ref. 5.24 

• 

---
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RHO-CO-oi.: 
CONTAMINATED L!OUI:J OIS?OSAL SITES I. S£ 

I r as t O~s i gnat ion · !•umber 
I 

Name/Type of Facility 

French Crain 1216-A-33 Dry We 11 216-A-33 

Location 200 East, S.E. Quadrant Service Oates Status 

Inactive ~300 ft south of 202-A, ~1100 ft West of 
Canton Avenue. Near the S.W. corner of 
291-A Bldg. 

s1 te coordinates (Approximate) Reference Orawinos 

N-39617, W-48310 H-Z-55036 

11/56-7/64 

Elevations 
Ground 716 ft 
Water Table 402 ft 
Site Oeoth Not known 

Source and Description of Waste 

Volume unknown. Bearing coolant from the 291-A-1 stack electric exhaust 
fans. 

Description of Facility 
French drain, 6-ft diameter. 

Radionuclide Content (calculated from discnarge data) 

Total Seta: <l Ci 

Ref. 5. 25 

- .... 
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CONTAMINATED Lrouro DIS?OSAL SITES 

Name/Type of Facility 

French Crain 

Locatio-,; 200 East, S. E. Quadrant. 

200 East Area, West End of 202-A Bldg. 
Near 216-A-13 

I r- ~st Des i gna ti on 

/ 216-A-35 Ory Well 

1 Service Oates 

12/63-1/66 

St te ~oordinates (Approximate) Reference Dr-awin~s Elevations 

N-39800, W-49003 

Sour-ce and Oescriotion -of Waste 

H-2-55076 Gl"'Ound 
Water Table 
Site Oepth 

RH0-CJ-673 

I. SE 

Number-

216-A-35 

Status 

Inactive 

708 ft 
403 ft 
NA 

Volume unknown . Seal cooling water from the air sampler vacuum pumps in the 
202-A Bldg. ~ow-salt, neutral/basic. 

Description of Facility 

French drain, 6-ft diameter . 

Radionuclide Content (calculated from di s~har~e data) 

Total Beta: <1 Ci 

Ref. 5.26 
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CONTAMINATED LIQIJIO- DISPGS~L SITES 

Name/Tlee of Facilitl I rue Desi2ndti0n 

Crib i 216-A-36 Crib 
I. 

Locatfon 200 East, S.E. Quadrant Service Dates 

750 ft. south of 202-A Bldg. 1150 ft West . 9/65-3/66 
of Canton Ave. 

S1 te Coordinates (Approximate) Reference Orawin5s Elevations 

N-39000, W-48525 ta H-2-59805 Gl'"Ound 
N-39105, W-48525 H-2-59129 Water Table 

Site Oecth 
Source and Oescrietion of Waste 

RHO-C0-673 

I. SE 

1~u,nber 

216-A-3EA 

Status 

I Inactive 
i 

! 
I 

710 ft 
403 ft( 1973) 

25 ft 

1.07 x 106 liters of anmonia scrubber waste from Purex. Low-sa 1 t, neutral/basic 

-

Descrietion of Facilitl 
. Gravel structure, 100 ft x 11 ft bottan area. .Oeacti va ted beca.us e of a 1 arge 
discharge of fission. products. Concrete dam installed between 216-A-36A and 
216-A-36B. Pipeline ta 216-A-36 extended into 216-A-36B. 

Radionuclide Content (calculated 

Radionuclide 

Pu, g 
Beta, Ci 
~0sr, Ci 
106Ru, Ci 
l37Cs, Ci 
60co, Ci 
U, kg 

from discharge data) 

At Time 
of Di scha!]e 

\ 
80 

1.5 X 10 S 
1 .8 X 103 

3 X 103 

1.5 X 10 3 

10 
145 

Ref. 5.27 

As of 
6/30/78 

"' ac._ 
< ;,80.~ 

l.;20.: 
;.-; 

ll20.: 

:.4;.: 

- --



RH0-CD-6i3 
CONTAMINATED L!OUIU DISPOSAL SITES 

Name/Tyoe of Facility 

' Crib 

I r3st Des ignation 
I 

/ 216-A-36 Crib 
I 

Location 200 East, S.E. Quadrant I Service Dates 

~1200 ft ~outh of the ioz-A Bldg. 3/66-1972 

~1te Coordinates . (Approximate) Reference Drawings Elevations 

N-38500, W-48525 ta 
N-39000, W-48525 

Source and Description of Waste 

.H-2-59129 
H-2-59805 

Ground 
Water Table 

Sfte Depth 

I. S£ 

. •. 
rtumber 

I 
216-A-368 

Status 

I Inactive 

I 
I 

719 ft 

403 ft 
NA 

9. 4 x 107 liters. AITmonia scrubber waste fl"'Om the 202-A Bldg . Low-salt, 
neutral/basic. 

Descr iption of Facility 
Gravel-filled crib, 500 ft x 11 ft . bottom dimensions . (See 2-16A~36A) 

Radionuclide Content (calculate,j fr-cm discharge data ) 
At Tfme 

Radionuclide of Ofsc:J,aroe 

Pu, g 
Beta, Ci 
-:,Osr' Ci 
l0 6Ru, Ci 
131Cs, Ci 
60cc, Ci 
23au, kg 
233U, g 

<180 
4. 8 X 10i. 

550 
6.5 X 103 

<560 
<51 
120 

Ref. 5.28 

As cf 
6/30/iB 

177. : 
< 2050 . : 

:.55.J 
~5.6 

L.63 , ; 
< :c.-

:.:.; .: 
2;.~ 

• 

--

l 
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CONTAMINATED LIQUID DISPOSAL SITES 

Name/Type of Facility 

Crib 

rast Designation 

216-A-38 

Location 200 East, S.E. Quadrant Service Dates 

"'600 ft Southwest of 202-A Bldg., ~1500 ft 
north of 1st St. 

S1te coordinates (Approximate) 
~-38971, W-49352 to 
N-39471, W-49352 

Source and Oescriotion of Waste 

Never used. 

Oescri~tion of Facility 

Reference Drawings 
H-2-62875 

Never· used 

Elevations 
Gl"'Ound 
Water Table 

I Site Oeoth 

Crushed stane,filled, 520 ft x 15 ft bottom dimensions. 

Never used. 

Radionuclide Content (calculated from discharge data ) 

Ref. 5.29 

RHO-C0-013 

I. S£ 

Number 

216-A-38 

Status 

Inactive 

--
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CONT AM INA TED LI OU IO O IS PO~L SI TES 

Name/Type of Facility 

Crib 

rast Oesi.Jnation 

Location 200 East, S.E. Quadrant 

Directly north of 241-AX Tank Fann along 
Canton Ave. 

216-A-40 Crib 

I Service Oates 

6/66 

Elevations 

RHO-CO-oi3 

I. S£ 

Number 

216-A-39 

Status 

Inactive 

51 te coordinates lApproximate) Reference Drawings 
N-41860, W-47489 to 
N-41860, W-47399 H-2-33295 

Ground 675 ft 

N-41930, W-47489 ta 
.N-41930, W-47399 

Water Table 404 ft 
Site Depth ~...--~.c 1'%0s: 

Source and Oescriotion of Waste 

20 liters. Floor drainage from the 241-AX-601-8 Bldg. Low-salt, neutral/bas ic. 

Description of Facility 
Crib and tl¥o trenches filled with gravel and backfilled. 90 ft x 2 ft bottar. 
dimensions. 

Radionuclide Content (calculated from discnar3e da:~ ) 

History: 

Radionuclide 

Seta·; Ci 
137Cs, Ci 

At Time 
of Oi scharqe 

50 
2S 

As of 
6/30/78 

36.4 
19.0 

This site is the result of an unplanned radioactive materials release origin-
ating in the 241-AX-801-8 Building. 

--· 

( See Attachment) 

Ref. 5.30 
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RH0-C!J-6:'3 

216-A-39 continued 

History: 

A Process operator, Maintenance instrument man, and a Radiation Monitor 
were changing out a valve on the 103AX tank recirculator line when highly 
radioactive wasta liquid pressureized in the line and flowed out onto the 
floor of the instrument building. Dose rates from the spill were greater 

- than 5 R/hr at a distance of 10 feet fran the spill. 

A trench approximately 3 feet deep was dug from the door of the 801 Building 
to the brow of the north hill, then over the hill to the flat ground below 
where it was extended eastward approximately 90 feet. A hole was cut through 
the back side of the 801 building and a fire hose was inserted to wash the 
contamination into the trench. The first trench was covered with soil and a 
second trench, paralleling the first, was dug to receive a second washing. 
This trench was also covered'. Dose rate residue radiation M!fflains in the 
floor of the building and in the 2 trenches of 216-A-39. 

Ref. S.31 

- ... 
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-, CONTAMINATED LIQUID DISPOSAL SITES 

Name/Type of Facility 

Trench 

rlst Designation 

216-A-39 Dftch 
216-A-40 Ditch 

Location 200 East, S.E. Quadrant Serv ice Dates 

"-500 ft West of 241-AX Tank Farm, "-500 ft 
South of 7th Ave. 

J / 68.present 

:)1 te ~oordinates (Approximate) 

N-41519, W-48209 to 
N-41868, W-48404 

Source and Description of Waste 

Reference Drawings 
H-2-61979 
H-2-63083 
H-2-63084 

Elevations 
Ground 
Water Table 
Site Depth 

RH0-C0-6i3 

I. SE 

Number 

216-A-..O 

Status 

Inacti ve -
683 ft 
404 ft 

Not icnown 

9.5 x 10 5 liters. Diverted cooling water and steam condensate from the 244AR 
Vault. This is a rubber bag type diverter trench for the recovery of radi o
ac:ive cooling water . that might become contaminated from equipment failures. 

Description of Facility 

Open trench, 400 ft x 20 ft. - .-: :... :-."' -
' . . 

Radionuclide Content (calculated from di schar=e data) 

Unknown. 

Ref. 5.32 

- .... 
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CONTAMINATED L!OUIO DISPOSAL SITES 

Name/Type of Facility 

Crib 

Location 200 East, S. E. Quadrant 

rast Desiqnation 

I 
Service Oates 

RHO-C0-~73 

I. SE 

fi umber 

216-A-41 

Status 

I 

Approximately 600 ft west of 241-AX Tank 
Fann and approximately 600 ft south of 7th 
Avenue. 

1/68- 1974 Out of service 

·'----------~--:-':""'!"'-:---~ ...... ---:-~-------- --Stte Coordinates (Approximate) Reference Drawings Elevations 

N-41420, W-48082 

Source and Description of Waste 

H-2-61975 
"'1 2 d~ 

Ground 
Water Table 
Sf te Depth 

683 ft 
405 ft (1 973) 

6 ft 

Volume unknown. 296-A-13 Stack Drainage. Potentially slightly acidic. 

Description of Facility 

Crib, gravel -fi 11 ed, 10 ft x 10 ft bottom surface . 

Radionuclide Content (calculated from discharge data ) 

<Cf Beta 

Hi story 

.. 

The stack drainage piping from the 296-A-13 stack to the 216-A-41 Crib was 
removed in 1974. The stack drainage was then rerouted to the 'J110_: ':'a: e sea l 
pot system of the 244AR Building. rt'-, L...LC.,-.,,_,,.._._,_ .. ~ . =--r-;-- _._ 

,.;...l..,/·/----· - . 

I 
_, --

~ .. _ 
• ' -

Ref. 5.33 
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Name/Type of Facility ==~ : : i:lesignation 

Crib 2: t-€,-C Crib 

Location 200 East, S.E. Quadrant 
250 ft South of 2704-C Bldg. 
450 ft South of 7th Street 

(within the Hot Semi works comr ex.) 

I S;_r;.1 :e Dates 

I :aJ ~ t; 3,: 
I l/53-..- -· ,. 
I 

i • 

Site Coordinates (Approximate) IRefe .. ~:~e C,-~.ings 
H-2-•:137 

Eleva ti ans 
Gl"Ound 
Water Table r~-42069, W-50235 H-2-~23 

Sf te Depth 

Sour.ce and Description of Waste 

RHO-C0-673 

I. SE 

j ~~umbel"' 
i 

! 216-C-l 
I 

l 
Status 

Inactive 

689 .ft 
405 ft (1973) 

13 ft 

2.34 x 107 liters. High-salt wast! cola -un waste and process condensate 
from 201 .. c (semi-w0rlcs). High-sa:: neut.-'1.1/basic. 

Oescriction of Facility 

One -crib, 23 ft x ·t:r ft bottom surfc.:~, con~-ete structure. 

Radionuclide Content (calculated frea-. jisc~~-;e data) 

A: "."ime 
Radionuc 1 i de of : ·~ scharge 

Pu, g 
Seta, Ci 
90sr, Ci 
l 06Ru, Ci 
l37Cs Ci , 
60cc, Ci 
U, kg 

Ref. 5.34 

8 
1 . • x 104 

.::Jo 
•JO 

..::Q .10 
<0. 10 

; iJQ 

--
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The 218-C-1, C-3, C-4, and C-5 Crib complex along the south. fence 1ine 
of the "Hot Semiworks", 200 East Area, was decontaminated, and the ground 
surface stabilized against wind erosion and plant root invasion. 

The worHone was as follows: 

0 

0 

0 

0 

0 

0 

Bladed off four inches of the ground surface and deposited 
spoil in tbe cavity above 216-C-1 Crib. 

Covered the grcund with a four-inch sand pad. 

Applied ureabor herbicide at the rate of 500 lbs./acre. 

Installed 10 mil plastic sheeting over entire surlace. 
NOTE: The plastic she@t was doubled over the area arouMd 
the Tank #71 riser. 

Installed 12-inch pad of sand over the plastic. 

The surface stabilized with four inches of pit r-un gravel. 

Ref. 5.35 

- .... 
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CONTAMINATED uouro DISPOSAL SITES 

Name/Tipe of. Facilitl 
I 

?a.st Desi2nation 

Ory weli. I 291-C Dry Well 

I 216-C-2 DrJ We 11 

Location- 200 East, S.E. Quadrant l Sel"'Vi ce Dates 

Approx. 100 ft southeast of the 291-C Staclc. I 1/53-
(within the Hot Semi-works complex) 

I 
Site Coordinates Reference Orawin2s Elevations 

N-42300, W-50000 H-2-4033 Ground · 
H-2-32523 Water Table 

Site D~th 

Source and Descrietion of Waste 

. 

RH0-C0-673 

I. SE 

11~umber 

I 216-C-2 
I 

Status 

Active 

681 ft 
402 ft(1973) 
40 ft 

Volume unknown. 291-C stack drainage and the seal water drainage fMm 
stack ventilation filters. Low-salt, neutral/basic. 

the 
. 

Description of Facilitl 

Revene we 11 , 12-in. diameter. 

Radionuclide Cor.t~nt (calculated from discharge data ) 

<l Ci Seta 

- --

Ref. 5. 36 
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CO°l'ffAMINATEO LIQU!O DISPOSAL SITES 

rlame/Type of Faci1ity 

Crib 

?ast Designation 

201-C Leaching Pit 

Location ·200 East. S.E. Quadrant Service Oates 

400 ft south of 7th Street, 375 ft S.S.E. l/53-3/54 
of 2704-C Bldg. (within the Hot semi-works, 
comp-1 ex}. . . • I 

Site Coordinates (Approximate} Reference Drawings 

N-42055, W-50390 H-2-4034 
H-Z-32523 

Source and Description of Waste 

Elevations 
Gl"'Ound 
Water Table 
Site Oeoth 

5 x 106 liters. Acid waste from 201-C, 215-C, 271-C. 

Oescriotion of Faci1ity 

RHO-CD-673 
I. SE 

Number 

216-C-3 

Status 

Inactive 

689 ft 
405 ft (1973) 
-10 ft 

One crib, gravel pit structure, 50 ft x 10 ft bottom surface. 
Deactivation: Pipeline blanked when the crib reached its specific 
retention capacity. 

Radionuclide Content (calculated from discharge data) 

Radionuclide 

Pu, g 
Beta, Ci 
90sr, Ci 
106Ru, Ci 
137Cs, Ci 
60Co, Ci 
U kg 
zhu, g 

Ref. 5.37 

At rime 
of Discharge 

1 
200 
20 
10 
<0.10 
<0 .10 
45 

none 

--
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The 213-C-l, C-3, C-4, and C-5 Crib complex along the south f~nce line 
of the ~Hot Se~iworks '', 2CO East Area, was decontaminated, ·and :n~ ground 
surfJce stabiliz~d against ·,,ind erosion and plant root ir.vasfon. 

The work donP. •:;JS .is fo 1 i ows: 

o B1adetl off four inches of the grcund ~urface and depos i ted 
spoil in the cavity above 216-C-1 Crib. 

o Co•,er!!d the ground ~~ith a four-inch sand pad. 

o Appli~d ureabor herbicide at the rate of 500 lbs./acre. 

0 

0 

0 

In~tJlled 10 mil plastic sheeting over entire surface. 
rmTE: The p 1 as tic sheet wa ~ doub 1 f!d over the area arounc 
the Tank ~71 ris~r. 

[ns~all~d 12-ir.ch pad of sand over tne plastic. 

71-i-~ !'111"'fac~ stJbilized •.-1itr. fo~r inches of "it rJn gravel. 

Ref. 5.38 

- ... 
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COliiAMWATED uouro DISPOSAL SITES 

Name/iype of Facility I ,.>ast Designation 
I : 

Crib i 

I 

I 
Location 200 East, S. E. Quadrant I Service Dates 

37~ ft south of 7th Street, 375 ft S.E. of . 7/55-5/65 
2704 Slug. (within the Hot Semiworks Complex;). 

I 
' 

s·; te Ccfordinates (Approximate) Reference Orawinss Elevations 

A-42060, W-50430 H-Z-4010 Grcund 
H-2-4425 Water Table 
H-2-32523 Site Oeoth 

Source and- Descriction of Waste 

RHO-CD-673 

I. SE 

----I Number 

216-C-4 

S ca tus 

Inactive 

I 
I 

689 ft 
405 ft(l973) 

16 ft 

1 • 7 x 1 a 5 1 ; ten • 
neutral basic. 

Contaminated organic waste from 276-C. Low-sa 1 t, 

Descri;:,tion of Facility . One crib, 20 ft x 10 ft bottom suM'ace, gravel structure. 
ueactivation: Piping to the crib in 276-C was valved out when the 
specific retentiqn capacity was reached. 

Radionuc1ide Content (calculated from discharge data) 

Radionuclide 

Pu, g 
Beta, Ci 
~0sr, Ci 
106Ru, Ci 
137Cs, Ci 
60co, Ci 
U kg 
lhu, 9 

Ref. 5.39 

At Time 
of Discharge 

1 
120 

28 
15 
<0.10 
<0.1 o 
3.4 

none 

--
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The 218-C-1, C-3, C-4, and C-5 Crib complex along the south fence line 
of tl'!e "Hot Sem :•.-tor1<s", 200 East Area, was decontaminated, ar. .J t'1e ground 
surface stabilized against wind erosiJn and plant rJOt invasion. 

The '•"ark done t,as as f o 11 ows : 

o Sladed off four inches of the ground surface and deposited 
spoil in the cavity above 216-C-1 Crib. 

o Covered the ground with a four-inch sand pad. 

o Appl1ed ureabor herbicide at the rate of 500 lbs./acre. 

I) 

0 

0 

Installed 10 mil plastic sheeting over entire surf~ce. 
~IOTE: The plastic sheet was doubi ed over the .area around 
the Tank #71 riser. 

Installed 12-inch pad of sand over the pl~stic. 

rt1f:! surface stab, lized ~-1ith fo•Jr inches cf ;,it l"'Un ~r-avel . 

Ref. 5. 40 

--
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CONTAMINATED LIOU!O DISPOSAL SITES 

Name/Type of F·aci 1 i ty 

Crib 

Jast Oesianation 

216-C-5 

Location 200 East, S.E. Quadrant 

450 ft south of 7tt> Street, 375 ft S.S.W. of 
the 2704-C Bldg. (within the Hot Semi~rks 

complex). 

I Service Dates 

-! J;ss-s1ss 

Site Coordinates 

1~-42030, W-50360 

I 
I 

(Approximate) !Reference Drawings 

H-2-4010 
H-2-4425 
H-2-32523 

Source and Description of Waste 

I Elevations 
IG~und -
I Water Tab l e 
1Sfte Depth 

RHO..C0-6 73 
I. SE 

I ilumber 
I I 215..c.s 
! 
Status 

Inacti ve 

609 f t 
405 ft(l973) 

16 f t 

3.79 x 10~ liters. High-salt, cold run waste from 201-C (semi-works) . 

Description of Facility 
One crib, ground structure, ·10 ft x 10 ft bottom surface. Deactivation : Piping 
to crib valved out when the specific retention capacity was reached. 

Radionuclide Content (calculated from discharge da ta ) 

Radionuclide 

Pu, g 
Beta, Ci 
90sr, Ci 
l06Ru • Ci 
137Cs, Ci 
60Co, Ci 
u t leg 

Ref. 5.41 

At Time 
of Di scharoe 

l 
94 
10 
5 

<0.10 
<0 .10 
54 

--
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The 218-C-1, C-3, C-4, and C-5 Crib complex alona the south fence l ine 
of the "Hot Semh,or!<s ", 200 East Area, •.;as deconta~~ na ted, dnd the gro.J nd 
surface stabil i :ej a9ainst wind erosion and ~lant root invas ion. 

The \-tOr!( done was as follows : 

0 

0 

0 

0 

0 

0 

Bladed off four inches i>f the ground surfacP. and dep,,~ i ted 
spo i l in the cavity above 216-C-1 Crib. 

Covered the ground with a four-inch sand pad. 

Applied ureabor herbicide at the rate of soo· lbs./a:re. 

Installed 10 mil plastic sheeting over entire ~urface. 
MOTE: The plastic sheet was doubled over the area around 
the rank 471 riser. 

rnstalled 12-inch pad of sand over the plastic. 

The surface stJbi1 i:·ed \;ith four inches of ::,i: run ,1rave1. 

• 

Ref. 5.42 

- ... 



-

' ~· 
CONTAMINATED LIQU!O DISPOSAL SITES 

Name/Type of Facility 

Crib 

?ast Designation 

241-CX Crib 

Location 200 East, S.E. Quadrant jService Oates 

4~0 ft south of 7th Street, 325 ft south of th 9/55-9/64 
,91-C Stack (within the Hot Semiwarlcs ~plex) .j 

I 

Site Coordinates (Approximate) Reference Drawings 

li-42015, W-50066 

Source and Description of Waste 

H-2-4425 
H-2-35523 

Elevations 
Ground 
Water Table 

Site Death 

RHO-C0-673 
I. S£ 

Number 

216-C-S 

Status 

Inactive 

689 ft 
405 ft(l973) 
16 ft 

5.3 x 10 5 liters. Process condensate from 201-C; 241-CX vault floor drainage. 
Acidic. 

--------
Description of Facilitv 

One crib, gravel structure, 20 ft x 20 ft bottom surface. 

Radionuclide Content (calculated from discharge data) 

Radionuclide 

Pu, g 
Beta, Ci 
90S r, Ci 
106 Ru, Ci 
137Cs, Ci 
6°Co, Ci 
u. leg 

Ref. 5.43 

At Time 
of Discharge 

<O . 10 
2 X 103 

65 
25 
<0.10 
<0.10 
<0.05 

--



RHO-C0-673 

INDEX - VOLLa.1E I 200 EAST AREA 
Northwest Quadrant 

216-8-12 Crib I. NW 218-E-2 Burial Ground I. NW 
216-8-35 Trench (covered) I. NW 218-E-2A Buria 1 G,:-ound .. NW 4. 

216-8-36 Trench (covered} I. NW 218-E-4 Burial Ground I. NW 

216-8-37 Trench (covered) I. NW 218-E-5 Burial Ground I. NW 

216-8-38 Trench (covered} I. NW 218-E-SA Burial Ground I. NW 
216-8-39 Trench (covered) I. NW 218-E-9 Storage Sfte I. NW 

N"? 
216-8-40 Trench (covered} I. NW 218-E-10 Burial Ground I. NW 

·....o 216-8-41 Trench (covered) I. NW UN-216-E-2 Unplanned Release I. NW N"'} 
c::l 216-8-42 Trench (covered) I. NW UN-216-E-6 Unplanned Release I. NW * co 216-8-43 Crib I. NW UN-216-E-8 Unplanned Release I. NW --t:'.J 

216-8-44 Crib I. NW UN-216-E-13 Unplanned Releaser. NW N") -a-. 216-8-45 Crib I. NW 
216-8-46 Crib I. NW 
216-8:.47 Crib I. NW 
216-8-48 Crib I. NW 
216-8-49 Crib I. NW 
216-8-50 Crib I. NW 
216-8-55 Crib I. NW 
216-8-57 Crib I. NW 
216-8-60 Crib I. NW 
216-8-61 Crib I. NW 
216-8-62 Crib I. NW 

--

Ref, 5.44 
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COa~TAMiliATt:O LIQUID DISPOSAL SITES 

RH0-C0-oi~ 
!. :n,; 

-., '. 

- .... _j 

Name/Type of Facility 

Crib 

Location 200 East, N.W. Quadrant 

1000 ft Northwest of 221-8 

I nast Designation 
I 
I 216.-ER-1 ,2 ,and 3 

216-ER Crib 

Service Oates 

11/52-12/57 
11/67-11/73 

I Number-

Cribs I 216-8-12 

Status 

Ueactivat ed 

Site Coo-l"'dinates (Approxima ta) Refe~nce Drawi rigs Elevations 
H-2-43027 Ground 697 ft 1~-42972, W-5!)000 to 

l~-43133, W-:i::iOOO 
H-2-43029 Water Table 
H-2-43039 . 

404 ft{ 1973) 

H-2-43046 SK-2-196H S 1 te Deo th 30 ft 
Source and Descri otion of Waste . . = :. · ·: ~'· .- ·--
~.2 x 108 liters. Process condensate from Evaporators in 221-U and 224-U Bldgs . 
11/:i2 to 12/~7. Construction waste, 5/67 to 11/67. 221-8 Process condesate, 
11/67 to 11/73, (neutralized with limestone) . Low-salt, neutral/basic. 

Description of Facility 

Wooden structure. Sottom surface area 160 ft x SO ft~ · Three cribs 16 ft sq uar! 
in gravel bed. Crib collapsed (see RL Occurrence Report 73-82). Following 
discovery of crib collapse, irrmediate action was taken to deactivate crib and 
backfill area to grade. 

Radionuclide Content (calculated fran discharge data ) 

At Time A.s ot 
Radionuclide of Discha!:;le 6/30/7'8 

Pu, g 370 37:... . : 
Beta, C1 1. 1 X 1 Qi. <20dO.C 
90Sr, Cf <1 so < l.C7. 0 
106Ru, Cf 310 ... _ .. ,,,,. v.~.= 
137Cs, Ci 1.2 X 103 9!.9,: . 
60CO' Ci <1.7 < 0 .6~3 ., . 

. ,\ u t leg 2. 1 X 1 Q'+ 2C ,900. 0 
> , 

--
(See next page ) 

Ref. 5.45 
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RH0-C0-673 

AUS 23 1~ 
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u ?ian: Cor.acnsate 

- -,:.~0•¥ • 
Qa T"C Q,r lfU Tl•;,, -~• --•:'{•' :J_v_·_, _1_9_:_2 ____ _ Nov. 1973 

;- · · -
' A;so c~:1ea tr.e 216 - ~~ !1, #2, and #3 Crib. 

~.:aca:'!~d t.:.a pr:::ess condensata frem :he w.;.ste evapora:ors ir. the 221 
a,i:j 22..,. - u a:c~s. from Novem;ar 1952 to Cece:ii~ei· 1957. 

- .,; 

~aca: ·:~ .. ·.~ c:ocess con:ensa:e anci construction waste from the 221-a ~:c;. 
from ii.ay :;si to Nov61n=.~:- 1973 • 

< • I .. , .·. 

• 

. ___ ,_._. ______ ._, __ 
... . .. 'J 'i: ,--5 
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• 
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RH0-Cu-673 
OA'l'ta ...... ' 

1:.1••C"' ·••!1U11 t' 111'1 •" 1:t••s: -~--
,., ... ,.". « 5 ..,..,. 7/81'74 

.. &Mt-••"· C lQQ l&T ........ 7/8/74 .. . , __ _..,. . 

- -- - -- - . - . 
C 100 dffl AU11A 7£8£74 

C.welf ICCbf ..... See r"!fflartts section. 
'IJAfUt t--..c IUlll,fl MU'-' 

"-•--· -- _, -· - _,_ --.... ---· ·-" ............ -.. , ........... ·- ........... ----·---- 34524 1 34525 1 43029 FCN's 

m, 01!.ACTIVATICN WCAK 

4/JQ/74 
3/14/74 

A cap ~s cemented on fiberglass 
fill line and a concrete plug was 
poured around the 11ne end. 

D: ZONI! IO!HTl~ICATlOM 

,. ~ .. _ ... 111&1'~-

. 
._ 'be& Ill c:Ml• ...... ca 1 .. 1'.l&.Ua 

i, ZOIIC la IIIM&CT T9 CHC - I•• 

-

7(?./74 

5,'15/74 

Ground Water Sanq, 1 e for April 197 4 

~utm-f tted tg r1:fi~~ ~ca~jDg~. 

......... ,.,. ... , 

a . .._.,,. ,ac 11ua 1• 11'"4Ua 1• ., re 
IC n11-.. ,_., ~ .na.&I 0, U--• AC1t 
,. TIii z.ac, 

Total Beta 270 pico curies/liter 
Total StrcntiUIII -c.24 pico curies/liter 
Cas1ta1· 30:30 pico curies/liter 

. 4fT4CMC~ 

S18114 

tart 

5/15/7'1 

I . . ! 
i 

I 
I 

I 

--
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Atlantic Richfield Hanfard Company ' · 
f-

RHO-C0-673 

~~~/ 
Date: January 22, 1974 

To: A. J. t.ow 
J' . ) -

From: R. E. Preston . \ c.· 1:... • ...... 

Subject: 216-8-12 CRIB DEACTIVATION ANO TRANSFER OF 
RESPONSIBILITT 

References: 1. Atomic Energy Commission Manual - RL 
Appendix 0510-1, July 13, 1967, "Radio
active Waste Disposal Guides - Part l ," 
"Ground Disposal - Terminating Sites" 

z. HWS-1000, "Hanford Architectural and Civil 
Standards," AC-3-20 (June 20, 1960), \ 
AC-5-2 (October i9, 1959), and AC-5-40 
(August 25, 1960) 

3. ARH-220 (unclassified), September 15, 1969, 
"Radiation Protection Standards and 
Controls Standard 1," Personnel Protection 
Operation 

4. Atlantic Richfield Hanford Company Opera:ing 
Instruction 1.6.5.2, "Outdoor Radiation Zones" 

The pertinent AEC Manual Chapters, Atlantic Richfield 
Hanford Company OPG's and Radiation Protection Standards 
have been reviewed on ~~e layaway of retired radioactive 
disposal sites. In this letter the steps are shown for 
the layaway of B-12 crib, the list should be used for an 
order of p~rlonnance schedule. Step 2 is the only excep
tion, it must be performed before Step 4, but may be 
completed before Step 1. 

1. The risers (vent and gauge wells) should be cut off 
below the surface and the risers welded shut or 
flanges welded on and blanks bolted in place. inis 
work can be perlonned as soon as the liquid level as 
measured in the gauge well is at or below the 25-foo: 
level as experienced in operation. 

The test wells (3) are to be left as at present. 

••••OOO-OJO t t0•411 .. , ........ _ .... 
Ref. 5.53 
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Atlantic Richfield Hanford Comp."lny 

Rtt0-CO-o73 

A. J. Low 
Page 2 
January 22, 1974 

The location of these risers and \-1e11s is shown on 
H-2-43029. The gauge well and vent risers are the 
outside risers in groups of three on each of the 
three crib sections. The test wells are the center 
riser in each group. · 

z. The inlet line has already been blanked off. This 
was done on November 21, 1973. An FCN has b~n 
prepared to show this on drawings H-2-34524 and 
H-Z-34525. 

3. 

The line ta B-12 crib should be cut and the line 
capped with a plastic cap cemented on t.,e pipe and 
concrete poured around the end of the pipe. This 
may be done as soon as material is available • 

The ground stabilization program should probably be 
put off until April or May to allow for further 
settling to avoid repetition of the ground stabili-
zation effort. 

The ground sta6ilization effort should cover an area 
60 feet wide, centered on the line riJnning through 
the test wells. The area should extend 30 feet beyond 
the outer test wells. This area will be 60 feet 
wide and 181 feet long, or 10,860 square feet. 

The area should be leveled and smoothed, a11 -vegeta
tion removed and any sharp itens removed. Two to 
three inches of sand should be spread over the area. 
After this, 10 mil plastic sheet should be laid out 
and weighted down with soil. A solid soil steri1ant 
such as boric acid-type like Ureabor should be 
sprinkled evenly on top of the plastic. Ureabor can 
be ordered through Farmer's E~change in Kennewick. 
They do not can-• it in stock. The area over the 
plastic should be covered with 18 inches of sand 
free from any large rocks. Once the sand is laid 
and leveled, the area should be covered with two
inch minus gravel to a depth of four to six inches. 

4 • . When the soil stabilization is complete, the crib should 
be marked off with six. monuments built according to 
Hanford Standard AC-5-40. The monuments should be 
placed at coo rd i na tes : r~42964X~~ 55030, N42964 xw 549i0, 
N43056XW54970, N4305~~55030, N43144XW55030, and -
N43144XW54970. 

S• •••M•OJ • 110•••• ..... -......... 
Ref. 5.54 

--



::r-
r---... 
~ 
c::l ., 
0:, -"'--.J 
~ -~ 

i 
t 

/ 

,' 

Atlantic Richfield Hanford Com~ny 

A. J. Low 
Page 3 
January 22, 1974 

The brass medallions for these posts can be obtained 
through the Peterson Pattern Works. 

Once the posts are in place, Harold Maxfield will 
stamp the requ 1 red numb en on the pas ts. 

5. At this time, a radiation survey should be made of 
the ~rea. The survey information should be recorded 

·on 80-6700-091.l (7-71). 
,. 
0. The normal radiation chain fence with radiation signs 

on posts should be repaired to good condition if it 
has been damaged during any of the above work. 

7. The information required on 80-6700-091.1 (7-71), · 
•outdoor Radiation Zone Deactivation and Transfer 
of Responsibi1ity," should be filled out and routed 
to ~iling list on form. 

8. At this time, Technical Ser-vices will accept custodian
ship of the crib. 

RE:?:bl 

cc: JD Anderson 
RB Bixler 
DG ·Harlow 
G1. Hanson 
AJ Low 
L.M Knights 
RP Knight 
JH Mathis 
WO Schildknecht 
A Smith 
RM Smithers 
File 

........ _OJI t lO-•e• ... ~ ........... 
Ref. 5.55 
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•.' CONT.AJ•1INAT£0 LIQUTO DISPOSAL SITES 

Name/Type of Facility 

Trench (covered) 

Location 200 East, N. W. Quadrant 

0 ast Designation 
241-SX-l Grave 
216-8X-l Trench 
216-8-35 Trench 

Service Dates 

250 ft west of 241-SX Tank Fann, 2650 ft nor-ti 2/54-3/54 
of 8-Plant 

Site Coordinates Reference Drawings 

N-45273, W-53850 to H-2-2431 
,;.45z73, W-54102 SK-2-2408 

Source and Descriction of Waste 

Elevations 
Ground 
Water Table 
Site Depth 

RHO-C0-6i3 

I. ,~w 

Number 

216-8-35 

Status 

Inactive 

740 ft 
404 ft , (197,) 

10 ft 

1.06 x lo6 ·1iters. First cycle supernatant waste from 221-8. High-salt, 
neutral/basic. 

Description of Facility 
Trench, 252 ft x 10 ft bottom surface. Deactivation: Overground pipeline. 
removed trench backfilled. 

Radionuclide Content (calculated fran discharge data) 

At Time As or 
Radionuclide of Discharge 6/30/78 

?u, g 1.2 l.2 
Beta, Ci 1800 <132.0 
30Sr, Ci 240 1.30.0 
l0 6Ru, Ci 230 :..48 x 1c-s 
l3 7Cs, Ci 430 246 .o 
6 0co, Ci 0.030 l.27 x 10-: 
U, kg 17 1.6.7 

Potential Hazards 

Radioactive weed growth; .. 

Burrowing animals 
-

Ref. 5.56 
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.. CONTAMINATED LIQU!O DISPOSAL SITES 

Name/Type of Facility j ~ast Designation 
241-8X-;! Grave 

Trench (covered} 216-SX-2 Trench 
216-8-36 Trench 

Location 200 East, N. W. Quadrant Service Oates 

250 ft west of 241-SX Tank Fann, 2750 ft north 3/54-4/54 
of B-P1ant I 
Site Coordinates 

rt-45323, w~S3850 to 
N-45323, W-:i41O2 

Source and Oescriotion of Wa~te 

!Reference Drawings 

H-2-2431 
SK-2-2408 

Elevations 
Ground 
Water Table 
Site Depth 

RHO-C0-6i3 

I. NW 

Number 

216-8-36 

Status 

Inact1ve 

740 ft 
404 ft(1973) 

10 ft 

1.94 x 106 liters. First cycle supernatant waste fran 221-8. High-salt, 
neutral/basic. 

Description of Facility 
Trench, 25Ht x 10 ft bottom surface. Deactivation: Overground pipeline 
removed trench backfilled. 

Radionuclide Content (calculated from discharge data) 

Radi onuc 1 i de 

Pu, g 
Seta, Ci 
90Sr, Ci 
l0 6Ru, Ci 
l37Cs' Ci 
60co, Ci 
u' l(g 

Potential Hazards 

Radioactive weed growth; 
Burrowing animals 

At Time 
of Discharge 

0.80 
3500 
490 
470 
770 

0.070 
16 

Ref. 5.57 

As of 
6/30/78 

0.80 
<1390.0 

269.0 
3 .O; X :,:•: 

i.!.;. 0 
2.96 X :,,:•J 

:6. ·J 



CONTAMirlATC:O LIQU!O DISPOSAL SITES 

Name/Type of Facility 

Trench (covered) 

Location . 200 East, N. w. Quadrant 

I ~ast Designation 
241-SX-3 Grave 
216-SX-3 Trench 
216-8-37 Trench 

Service Dates 

250 ft west of 241-SX Tank Fann, 2SSO ft nortt 8/54-8/54 
of 8-Pl ant 

Site Coordinates Reference Drawinas 

RHO-C0-673 
I. riW 

Number 

216-8-37 

Status 

Inactive 

663 ft 
N-45413, W-53850 to H-2-2431 
N-45413, W-54102 SK-2-Z408 

Elevations 
Ground 
Water Table 404 ft(1973) 
Sf te Depth 10 ft 

Source and Description of Waste 

4.32 x 106 liters. Ff Mt cycle hattgns waste from the waste evaporator 
· in 242-8. High-salt, neutral/basic. 

Description of Facility 

Trench, 252 ft x 10 ft bottan surface. Oeactivation: Overground pipeline 
removed trench backfilled. 

Radionuclide Content (calcu1ated from discharge data) 

At Time As o! 
Radionuclide of Di schar2e 6/30/i8 

?u' g 2.0 2. 0 
Beta, Ci 7000 <,3440.0 
9vsr, Ci 16 8 ,Si 
l0 6Ru, Ci 500 .3 .2,3 X :_:• S 
137Cs , Ci 3100 :,80.0 6 °Co, Ci 1.0 4.22 x: :~~ 
U, kg 3.6 3.6.3 

Po ten ti a 1 Hazards 

Radioactive weed growth; .. 

Burrowing animals 

-

Ref. 5. 58 
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CONT.aJ•1INATE9 LIQUTO" DISPOSAL SITES 

Name/Tlee of Facilitl 0 ast Designation 
241-BX-4 Grave 

Trench (covered) 216-BX-4 Trench 
216-8-38 Trench 

Location 200 East, N. W. Quadrant Service Dates 

250 ft west of 241-SX Tank Fann, 2950 ft north 7/54-8/54 
of 8-Plant 

f' I 

Site Coordinates Reference Drawin~s Elevations 
Ground 

N-45503, W-53850 to H-2-2431 Water Table 
N-45503, W-54102 SK-2-2408 Site Dee th 

Source and Descrietion of Waste 

1 • 43 x 106 1 i ten. First cycle supernatant waste from 221-8. 
neutral/basic. 

Description of Faciliti 

RHO-CO-ci73 

I. NW 

Number 

216-8-38 

Status 

Inactive 

660 ft 
404 ft( 1973) 
10 ft 

High-salt, 

. Trench, 252 ft x l O ft bo ttan surf ace. Deactivation: Overground pipeline 
removed· and trench baclcffl 1 ed. 

Radionuclide Content ( ca lcu 1 a ted 

Radionuclide 

Pu, g 
Beta, Ci 
90S r, Ci 
106Ru, Ci 
131Cs, Ci 
6 0co, Ci 
U, kg 

1 Potential Hazards 

Radioactive weed growth; 
Burrowing animals 

from discharge data ) 

At Tfme 
of Di scha!]e 

1.2 
5800 
1900 
560 
510 
<0.06 
42 

Ref. 5.59 

As 0~ 

6/ 30/78 

l.20 
<2610.0 
1030 . 0 

3.62 x lo·s 
292.0 

< 2.53 X :0•3 

i.~.4 

. . • 

- ... 
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CONTAMINATED LIQU!D DISPOSAL SITES 

Name/Type of Facility 

Trench (covered) 

~ast Designation 
241-SX-5 Grave 
216-SX-5 Trench 
216-8-39 Trench 

Location 200 East, N. W. Quadrant Service Dates 

250 ft west of 241-SX Tank Fann,lOSO: ft north 12/53-11/54 
of 8-Plant. East of 218-E-10 Indust. Burial 

Site Coordinates 

N-45593, W-53850 to 
N-4~~93, W-54102 

Source and Description of Waste 

Grounds. 

Reference Draw:nas 

H-2-2431 
SK-2-2408 

Eleva ti ans 
Ground 
Water Table 
Site Depth 

RtiO-C0-673 
I. r.w 

I Number 

216-8-39 

Status 

Inactive 

650 ft 
404 ft(l973) 

10 ft 

1.47 x 106 liters. First cycle supernatant waste from 221-8. High-salt, 
neutral/basic. 

Description of Facility 
Trench, 2s2· ft x 10 ft bottan surface . Deactivation: Overground pipeline 
removed and trench backfilled. 

Radionuclide Content (calculated from discharge data) 

Radionuclide 

Pu, g 
Beta, C1 
905,.' Ci 
106Ru Ci • . ' 137C:s, Ci 
6 0co, Ci 
U, kg 

Potential Hazards 

Radioactive weed growth; 
Burrowing animals 

At Time 
of 01 schar-ge 

1.5 
1100 

23 
65 

450 
<0.010 
5.8 

Ref. 5.60 

As of 
6/ 30/78 

l. 51 
<5l.4.0 

l2.5 
2.69 .:c :,c-s 

255.0 
< 3.92 X 10-;: 

5. 30 

--. 
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RHO-C0-673 

CONTAMINATED LlQUTO DISPOSAL SITES I. riW 

Name/Type of Facility 

Trench (covered) 

"ast Designation 
241-BX-6 Grave 
216-BX-6 Trench 
216-8-40 Trench 

Location 200 East, N. w. Quadrant jservice Dates 

250 ft west of 241-BY Tank Fann, 3150 ft no~ 4/54-7/54 
of 8-Plant. East of ,18-E-10 Indust. Burial I 

Grounds • 
• I 

Site Coordinates !Reference Drawings 

N-45683, W-53850 to H-2-2431 
N-45683, W-54102 SK-2-2408 

Source and Description of Waste 

E1 evati ons 
Ground 
Watar Table 
Site Deoth 

Number-

216-S-40 

Status 

Inactive 

650 ft 
404 ft( 1973) 

10 ft 

1.64 x 106 liters. First cycle supernatant waste from 221-8. High-salt, 
neutral/basic. 

Description of Facility . 

Trench, 252 ft x 10 ft bottcm surface. Deactivation: Overground pipeline 
removed and trench backfi11ed. 

Radionuclide Content (calculated from discharge data) 

Radionuclide 

Pu, g 
Beta, Ci 
90Sr Ci 
l06R~' Ci 
137Cs, Ci 
6°Co, Ci 
U, kg 

Potential Hazards 

Radioactive weed growth; 
Burrowing animals 

At Time 
of Discna~e 

1.0 
1800 

280 
240 
350 
<0.020 
35 

Ref. 5.61 

As of 
6/30/78 

l.. 0 
<700.0 
i;;.o 

:.. 5a x 10· s 
203.0 

< 3.4; X l.0-.. 
35.0 

--
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CONTAMINATED LIQU!D DISPOSAL SITES 

RHO-C0-673 

I. NW 

1 :1umber Name/Type of Facility 

Trench (covered) 

"ast Designation 
241-si-i Grave 
216-8X-7 Trench 
216-8-41 Trench 

216-8-41 

Location 200 East, N. w. Quadrant !Service Dates Status 

250 ft w~st of 241-SY Tank Fann, 3250 ft nor~ 11/54-11/54 
of B-P·lant. East of · 

1

. 
Inactive 

218-8-10 Industriai Burial Grounds 
I 

I 
' ' 

650 ft 
Site Coordinates 

N-45573, W-53850 to 
~-45573, W-54102 

Reference Drawings 

H-2-2431 
SK-2-2408 

Elevations 
Ground 
Water Table 404 ft(1973) 
S i te Dei, t.1-: 10 ft 

Source and Description of Waste 

1.44 x 106 liters. First cycle supernatant waste from 221-8. High-salt, 
neutral/basic. 

Oescriotion of Facility 
Trench, 252 ft x 10 ft bottom surface. 
renoved and trench backfilled. 

Deactivation: Overground pipeline 

Radionucl ·ide Content (calculated from discharge data) 

At Time As of 
Radionu"clide of Discharge 6/30/78 

Pu, g 
Beta, Ci 
905,- I Ci 
l0 6Ru, Ci 
ll 7Cs, Ci 
6 °Co, Ci 
U, kg 

Potential Hazards 

Radioactive weed growth; 
Burrowing animals 

0.30 
2100 

47 
130 
890 

<0.010 
7.5 

Ref. 5.62 

0.30 
<1040.0 

26.l 
8.47 x: ::·s 

5:..2.J 
< '- .22 X :,;-.. 

r.; 

- ... 
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CONTA1•1INATED LIQU!O DISPOSAL SITES 
RHO-CD-673 
I. NW 

I -·--. Name/Type of Facility 

I 
Past Oesignation Number --

241-BX..S Gra•re 
Trencn (covered) 

I 2l6-SX-3 T.:-encb. 2.l.6-a..J., 
2l6-B-42 T.:-ench 

Location · 200 East, N.W. Quad:-ant I Service Dates Status 

750 tt west ot 24l-BX Tank Farm, 2650 tt I 
l/55-2/5; !A&ctive ccrtn ot B-Pla::.t, East ot 2l8~-l0 I:ld.u.s- I 

tria.l Bur1a.l Grounds. I I 

Site Coordinates Reference Drawinos Zl eva tions 
Ground. 671 !'": 

N-45273, W-54152 li~-243l Water Table 4Q4 rt(:;-;) 
N-45273, W-544o4 SX:-2-2408 

Site Detitn l0 tt 

Source and Descrietion of Waste 

l.50 x l06 liters. Scavenged. vaste trom ura.n::.!.ll:1 recover'/ (~p sol-.,e:it 
extraction) process i..l 221-U. iUgb.-aa.lt, neutr~/basi~. 

Description of Faciliti . 

Trench, 252 ft x 10 ft bottom surtace. Deac ti •ra. '=ion: 0ve.:-g:-:iu:i~ pipe.l!~e 
r~ved. a:id t=ench backfilled. 

. 

Radionuclide Content ( ca lcu 1 a ted from discharge 

Ea.:iionuclid.e 

Pu., g 
Beta, Ci 
S05 .. , Ci 
106:tu, Ci 
l3 7cs Ci , 
60cn Ci , 
tJ', kg 

Ra.~!oa~tive ~eed. g.:-ovth; 
-=~:-o;.-in.g a.n~s 

-------

At :'ime 
of Discha..:-ge 

10 
5800 
uoo 
1500 

96 
l0 

6ao 

Ref. 5.63 

data) 

As ot 
6;301rs 

1.0.0 
<1360.0 

625.0 

. 

l.93 X l.J.,. 
56.; 
0. i.a2 

6cc.o 

--
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CONTAMINATED LIQU!O DISPOSAL SITES 

Name/Typa of Facility 

Crib 

~ast Designation 

216-SY -1 Cavern 
216-SY-1 Crib 

Location 200 East, N. W. Quadrant Service oa tes 

200 ft north of 241-SY Tank Fann, 450 ft south ll/54- 11154 
of 12th St. 

Site Coordinates(Approximate) 

N-46332, W-53355 

Source and Description of Waste 

I 
Reference Drawings 

H-2-2603 
H-2-2605 

Elevations 
Ground 
Water Table 
Site Depth 

•~HO-CO -6 7 3 
I. NW 

Numbe!"' 

216-8-43 

Sta t!JS 

Inactive 

623 ft 
4G6 ft(1973) 

14 ft 

2.1 x 106 liters. Scavenged waste from uranium recovery (TBP solvent 
extraction) p\ocess in 221-U. High-salt, neutral/basic. 

Description of Facility 
Crib, 30 ft x 30 ft bottcm dimensions, concrete slab Mof. • 
Deactivation: Pipeline to the crib was blanked when the crib reached its 
specific retention capacity. 

Radionuclide Content (calculated from dischal"'ge data) 

Radi onuc 1 i de 

Pu, g 
Beta, Ci 
90Sr-, Ci 
1 o 6Ru, Ci 
t31Cs' Ci 
60cc, Ci 
U, kg 

IS,te. Character,zat,on Status 

At Time 
of Di schaMe 

0.5 
3500 
1400 

50 
300 

1.0 
14 

A.s ot 
6/30/78 

0.50 
<l88o.o 

776.o 
3 .23 x io·s 

l73.0 
4,22 X l0-2 

l3.6 

The 216-8-43 Crib is the first in a series of seven cribs north of the 241-aY :~nk 
Fann that received U-Plant high-salt, scavenged waste. These cribs wel"'e in se!"Jice 
fran December 1954 t~ December 1955 and received a total of 3.4 x 10 7 liters of 
waste containing 4.1 x 105 gross beta curies. 

Ref. 5.64 
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216-8-43 continued 

Site Char.' Status 

RHO-C0-673 

Four wells were drilled in the vicinity of the BY cribs in 1966 to determine 
the distribution of radionuclides below these cribs. Well E33-2A drilled at 
the edge of the 216-8-45 Crib showed the highest 13 7Cs and 90Sr concentrations. 
Cesiwn-137 was first detected at 17 ft (approximate crib bottom) at a concentra
tion of 18.4 uCi/g. The 137Cs concentration increases to a maximum of 28.7 1,1Ciig 
at 20 f~_~eneath ground surlace then rapidly decreases with depth. Several 
additional concentration peaks occur at lower depths in the soil co lUIM but 
only on the order of 0.001 to 0.0001 of the peak concentration. Strontium-90 
concentrations follow the same general pattern with a maximum of 22 uCf/g at 
25 ft. Samples below 75 ft contained less than 2 x 10•3 uCf/g. Data fran 
the other wells showed the same general trend but concent~ations were less. 
It was ~yj dent that the quantity of long-lived activity subject to leaching 
by a moderate rise in the water table is ~latively small. 

History 

The 216-8-43 through 50 cribs are located in a conmen radiation zone under the 
hill directly north of the 241-SY Tank Fann. On September 15, 1955 approximately 
11,000 gallons of scavenged supernatant radioactive waste overflowed a flush 
tank and ran over the ground surface near the 216-8-43 Crib. Most of the 
waste involved was scraped fl"'Offl the ground and pushed into a shallow hole just 
south and east of the 8-43 Crib. It was then covered with 2 feet of clean soil. 

Routine radiation surveys in the early 19i0 1 s found radioactive Russian thistle 
to be growing over the old spill site and other ground surfaces within the · 
radiation zone. Remedial action, wnich reduced the size of the radiation zone 
by 50 percent, was started in 1975 and canpleted in November, 1977. It 
consisted of the following work: 

o All crib vent risers were cut and blanked off approximately 18" below 
ground surface. 

o The radioactive buried spill site was removed and all ground surfaces 
decontaminated by removing radioactive surface soi1s. 

o The ground surface was smoothed off and covered with a 6" sand pad. 

o Two test strips of ground surface, 10 ft x 100 ft, over the cribs 
were treated with a tracer element, lithium chloride, to help in 
detennining the effectiveness of the plastic root barrier against 
future root penetrations. 

o A herbicide, urea borate in dry- fonn, was spread over the radiation 
zone ground surface at the rate of 500 pounds per acre. 

Ref. 5.65 

--



·-,, 

-

216-8-,3- continued 

Hi story 

RHO-C0-673 

o The surface above and near the cribs was covered with a sheet of 
10 mil plastic. 

o The plastic was cover-e4 with 6" of sand for a padding against punctu~ 
by rocks or other sh-arp objects, then covered by 12" of top soil. 

o Monitoring well casings were all extended so as to protrude fran 
12 to 18 inches above ground level. 

o The ground surla~e was fertilized with 60 pounds of 16-20-0 fertilizer 
per acre and seeded over the plastic area with 20 lbs. per acre of 
cheatgrass, and over the renainder of the ground surl1ce of the 
radiation zone with cheatgrass and Siberian wheatgrass. 

Ref. S. 66 

--
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CONT..V•IINATEO LIQU!O DISPOSAL SITES 

Name/Type of Facility 

Crib 

Location 200 East, N. W. Quadrant 

~ast Designation 

216-SY-2 Cavern 
216-SY-1 Crib 

300 ft north of 241-SY Tank Fann, .350 ft soutt 
of 12th St. 

Service Dates 

11/54-3/55 

Site Coordinates {Approximate) Reference Drawings 

RHO-C0-673 
I. NW 

Number 

216-8-44 

Status 

Inactive 

623 ft 
N-46417, W-53355 H-2-2603 

H -2-2605 

Elevations 
Ground 
Water Tabie 406 ft { 1973) 
Site Dept., 14 ft 

Source and Description of Waste 

5.6 x 106 liters. Scavenged waste fran uranium recovery {TSP solvent 
extraction) process in 221-U. High-salt, neutral/basic. • 

Description of Facility 
One crib , grav·e 1 f i 11 ed, 30 ft x 30 ft bottom surf ace area, constructed or a 
concrete slab supported by vertical sections of concrete pipe. Deactivati on: 
The pipeline to the crib was valved out when the specific retention capacity 
was reached. 

Radionuclide Content {calculated from discharge data ) 

At Time 
Radi onuc 1 i de of Oischar~e 

Pu, g 15 
Beta, Ci 2.2 X 10'+ 
90s r, Ci 2900 
L0 6Ru, Ci 5500 
L3 7Cs, Ci 700 
60co, Ci 5.0 
U, kg !) • 3 

~ite Characterization Status and History 

Refer to 216-S-43 

Ref. 5.67 

As o~ 
6/ 30/ i8 

15.0 
< :.020.0 

1..620 . 0 
6.53 

:..09.0 
J.22e . 
2.27' 

X ::::,-s. 

- -. 



CONTAMINATED LIQU!D DISPOSAL SITES 

Name/Type of Facility 

Crib 

"ast Designation 

216-SY -3 Cavern 
216-SY-3 Crib 

Location 200 East, N. W. Quadrant /Service Dates 

400 ft north of 241-SY Tank Fann, 250 ft sou~ 4/SS-o/SS 
of 1Zth St. 

1 

Site Coordinates (Approximate) Reference Drawinas 

N-46502, W-53355 H-2-2603 
H .•2-2605 

Source and Descriotion of Waste 

Elevations 
Ground 
Water Table 
Site Depth 

RH0-C0-67J 

I. NW · 

Number 

216-8-45 

Status 

Inactive 

623 ft · 
406 ft( 1973) 

14 ft 

4.9 x 106 liten. Scavenged waste from uranium recover-y (iBP solvent . 
extraction) process in 221-U. High-salt, neutral/basic. 

Oescriction of Facility 
One crib, gravel filled, 30 ft x 30 ft bottom surface area; constructed of a 
concrete slab supported ' by vertical sections of concrete pipe. Deactivation : 
The pipeline to the crib was valved out when the specific retention capacity 
was reached. 

Radionuclide Conten~ (calculated from discharge data) 

At Tfme 
Radi onuc 1 i de of Dischar~e 

Pu, g 10 
Beta. Ci 5.3 X 10"' 
~0s r, Ci 2800 
l 06Ru, Ci 1. 7 X 10"' 
l37Cs Ci 1500 • 6 0co, Ci s.o 
u. leg 6.8 

Site Characterization Status and History 

Refer to 216-8-43 

Ref. 5.68 

As of 
6/ 3C/78 

.:.o.J 
< Li.880.0 

1590.0 
2 • ..:.9 

aa1...o 
,J.24:. 
6.8 

X :_o-~ 

--



- · 

RHO-C0-673 

CONTAMINATED LIQU!O DISPOSAL SITES I. NW 

Name/Type of Facility 

Crib 

l 1)ast Designation 
216-SY -4 Cavern 
216-BY -4 Crib 

I 

I 
i 
I 

Location 200 East, r ... w. Quadrant jservice Oates 

Number 
216-8-46 

Status 

500 ft north of 241-SY Tank Fann, 150 ft sou~ 9/55-12/55 Inactive 
of 12th St. I' 

I 

Site Coordinates (Approximate) Reference Drawings 
623 ft 

ij-46587, W-53355 H-2-2603 

Elevations 
Ground 
Water Table 406 ft ( 1973) 

H,-2-2605 Sfte Depth 14 ft 

Source and Description of Waste 

6.7 x 106 liters. Scavenged waste from uranium recovery (TSP solvent 
extraction) process in 221-U. High-salt, neutral/basic. 

Descri~tion of Facility 
One crib. gravel filled, 30 ft x 30 ft bottom surface area, constructed of a 
concrete slab supported by vertical sections of concrete pipe. Deactivation: 
ihe pipeline to the crib was valved out when the specific retention capaci ty 
was reached. 

Radionuclide Content (calculated from discharge data ) 

At Time 
Radionuclide of Discha~e 

Pu, g 20 
Beta, Ci 1.Z x 10 5 
90sr, Ci 1500 
~06Ru, Ci 2.8 X 10'+ 
13 iCs, Ci 200 
6°Co, Ci 5 
u, leg 190 

Site Characterization Status and Historv 

Refer to 216-8-43 

Ref. ~.b9 

As of 
6/30/78 

20.0 
<1960 . 0 

852 .0 
3.61 

1.:8 . 0 
0.2:.: 

l 9l.O 

• - - 1 X .,.., • 

--
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CONTAMINATED L!QU!O DISPOSAL SITES 
RHO-C0-673 
I. t~W 

Name/Type of Facility 

Crib 

j nast Designation 

216-SY -5 cavern 
216-SY-5 Crib 

Location 200 East, N. w. Quadrant !Service Dates 

200 ft north of 241-SY Tank Fann, 450 ft sou~ 9/55-9/55 
of 12th St. I 

Site Coordinates (Approximate) Reference Drawings 

ri-46332, W-53499 H-2-2603 
H-2-2605 

Source and Description of Waste 

Eleva ti ans 
Jrou11d 
Water Table 
Site Depth 

Number 

216-8-47 

Status 

Ir.active 

623 ft 
406 ft(1973) 

14 ft 

3.7 x 106 liters. Scavenged waste fran uranium recovery (TSP solvent 
-extraction) process in 221-U. High-salt, neutral/basic. 

Description of Facility 
One cr10, gravel r11 lea, 30 ft~ _30 ft bottom surface area, constructed of a 
concrete slab supported by vertical sections of concrete pipe. Deactivation : 
The pipeline to the crib was valved out when tiie specific retention capacity 
was reached. 

Radionuclide Content (calculated from discharge data) 

Radionuclide 

Pu, g 
Beta, Ci 
90Sr, Ci 
l06Ru, Ci 
137Cs, Ci 
6°Co, Cf 
U, kg 

At Time 
of Discharge 

5.0 
4, 5 X 10'° 
tiZO 
1.9 X 10'° 
150 

1.0 
6.8 

Site Characterization Status and Histol"'Y 

.Refer to 216-8-43 

Ref. 5.70 

As of 
6/30/78 

;.o 
<dTT.O 
352.0 

2. 45 X lo•3 

SS ,4 
. i...s2 x ia-z 
6.a 

- .... 
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Name/Type of Facility 

Crib 

CONTAMINATED LIOU!O DISPOSAL srr;s 

:iast Designation 

216-SY -6 Caver·n 
216-SY-6 C:-ib 

RHO-C0-673 
I. NW 

Number 

216-8-48 

Location 200 East,~. W. Quadrant !Service Oates 

300 ft north of 241-SY Tank Fann, 350 ft soutti 11/55-7/57 

Status 

Inactive 
of 12th St·. I 

Site Coordinates (Approximate) Reference Drawings 
623 ft ~-46417, W-53499 H-2-2603 

H-2-2605 

Elevations 
Ground 
Watar Table 406 ft(19i3) 
Site Oepci, 14 ft 

Source and Description of Waste 

4. 1· x 106 1 i ters. Scavenged •iwas te from uranium recovery (TBP so 1 vent 
extraction) process in 221-U. High-salt, neutralibasic. 

Description of Facility • · 
One crib, gravel filled, 30 ft x 30 ft bottom· surface area, constructed of a 
concrete s 1 ab supported by verti ca·l sections of concrete pipe. Deactivation: 
The pipeline to the crib was valved out when the specific retention capacity 
was l"'eaci'led. 

Radionuclide Content , (calculated from discharge data) 

At Time As of 
Radionuclide of Discharge 6/30/78 

Pu, g 
Beta, Ci 
90Sr, Ci 
106Ru, Ci 
137Cs, Ci 
6 ilCo, Ci 
U, kg 

5.0 
6. 1 X 1 Qi+ 

1300 
6UOO 
450 

1.0 
2.3 

~ite Chal"'actel"'ization Status and History 

Refer to 216-8-43 

Ref. 5. 71 

5,0 
<2010.0 

739.0 
8.76x10~ 

265 . 0 
4 . 82 X lQ-Z 
2.27 

--
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CONTAMINATED uouro DISPOSAL SITES 

Name/iyoe of Facility 

Crib 

Location 200 East,~- W. Quadrant 

11ast Designation 

216-BY -7 Cavern 
216-BY-7 Crib 

RH0-C0-673 
I. ,1\i 

Number 

216-8-49 

Status 

400 ft ·north of 241-SY Tank · Fann, 250 
of 12th St. 

jServi ce Dates 

ft sou 11/55-12/57 
I 

Inacti ve 

I 
Site Coordinates (Approximate) Reference Drawings Elevations 

Grouna 623 ft 
N-46502, W-53499 H-2-2603 

H-2-2605 
Water Table 406 ft ( 1973) 
Sf te Depth 14 ft 

Source and Description of Waste 

6. 7 x 106 liten. Scavenged waste from uranium recovery (TSP solvent 
extraction) process in 221-U. High-salt, neutral/basic. 

Descr~~tion of Facility 
One cr10,.gravel r, I lea, 30 ft x 30 ft bottom surface area, constructed of a 
concre.te slab supported by vertical sections of concrete pipe. Deactivation: 
The pipeline to the crib was valved out when the ~pecific retention capacity 
was reached. 

Radionuclide Content (calculated from discharge data) 
At Time As ot 

Radionuclide of Oischarae 6/ 30/78 

Pu, g 
Beta, Ci 
90Sr, Ci 
l0 6Ru, Ci 
l3 7Cs, Ci 
60co, Ci 
U, kg 

15 
1 • 1 X 105 

2700 
2.4 X lQ'+ 
410 

5.0 
320 

Site Characterization Status and History 

Refer to 216-8-43 

Ref. 5. 72 

1;.o 
<3560.0 
~530.0 

3.09 
;:1.2.0 

0 . 241 
3lS.o 

... -3 
X •• 

--



(',J 
o·~ 
Ni 
c=, 

,,_ 

co -~ 
~ -...;;,-
Cl"'-,. 

~-
. CONTAMINATED LIQUTO DISPOSAL SITES 

RHO-C0-673 

I. ,iW 

Name/Type o"f Facility 

Crib 

Loca ti ori" · 200 East, N. W • Quadrant 

~100 ft nortn of 241-SY Tank Fann 
~00 ft west of Ba 1 ti more Ave. 

~ ast Designation 

216-SY -8 Cavern 
216-SY-8 Crib 

Service Oates 

1/65-1/74 

Site Coordinates (Approximate) Reference Orawinas Elevations 
GfOUhd 

N-46502, W-53499 H-2-2603 Water Table 
H-2-2605 Site Depth 

Source and Description of Waste 

/lumber 

216-8-50 

Status 

Inactive 

622 ft 
404 ft 

14 ft 

5.9 x 107 liters. Waste storage tank condensate fran the !TS #1 unit in 
the 241-BY Tank Fann. 

Description of Facility 
Cr,b, concrete slab over _pipe, 30 ft x 30 ft bottan dimen~on. 

Radionuclide Content (calculated from discharge data ) 

At Time 
Radionuclide of Dischar2e 

Pu, g <_2.4 X 10·1 
Beta, Cf 241 
90sr Ci <6 ' l0 6Ru, Ci 11 
lJ7cs' Ci us 
6 °Co, Ci <3.3 X 10·1 
U, kg <2.9 X 10·1 

Site Characterization Status and History 

Refer to 216-8-43 for History 

Ref. 5.73 

As of 
6hona 
< 0.239 
< l40,0 
< 4,58 

5 ,05 X l.C-3 

67 .-3 
< - ""'· .. ,.-, I ,O.J. X ~I.I • 

< 0.285 

--
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RHO-CD-673 
CONTAMINAT£0 LIQU!O DISPOSAL SITES I . NW 

-----~=--:"":"":"'~--------,-~~~~-:-:------r.:--:------, Name/Tyce of Facility ~ast Designation Number 

Crib 

Location 200 East, N.W. Quadrant 

Approximataly 800 ft west of 221-8 

Sel"'Vice Oates 

9/67-

Site Coordinates Reference Drawings Elevations 

N-42497, W-54810 to H-2-60330 
N-42920, W-55431 SK-2-19674 

Source and Descriotion of Waste 

Ground 
Watar Table 
Sita Depth 

6.0 x 108 liters as of 12/31/73. Steam condensate from 221-8. 
Low-salt, neutral/basic. 

Oescriotion of Facility 

Crib, gravel-filled, 750 ft x 10 ft bottom dimension . 

Radionuclide Content (calculated from discharge data) · 

Radi onuc 1 ide 

Pu, g 
Beta, Ci 
90Sr, Ci 
106Ru, Ci 
137Cs, Ci 
6 °Co, Ci 
U, kg 

At Time 
of Discharge 

<0.43 
1.4 X 102 

<7.2 X lQO 
<l.4 x 10° 
2.0 X 10 1 

<3.2 X 10•1 

<3.9 X lQO 

Ref. S.74 

As of 
6/ 30/78 

< o.;;2 
<54. 5 
< 9. 53 
< 0 .19 
:r.r 

< ,J .262 
< 6.71 

216-8-55 

Status 

Active 

700 ft 
400 ft(l 9i3} 
6-8 ft 

--
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C0liTAMINATEO L!QU!0 DISPOSAL SITES 

Name/Type of Facility 

Crib 

Location200 East, H.W. Quadrant Service Dates 

Nea, the no,thwest come, of Z41-8Y Tank Fann 

I 
Z/68-0/73 

Site Coordinates 

ii-46160, W-53775 
N-46360, W-53775 

I 

Reference Drawings Elevations 

K-2-62406 

RHO-CD-673 

I • 1-IW 

Number 

216-8-57 

Status 

Inactive 

625 ft 
394 ft 

Ground 
Water Table 
Site Death 10 ft(minimum ; 

Source and Description of Waste 

8.4 x 107 liters (as of 12/31/73). Waste storage tank condensate fran the 
ITS 12 Unit in the 241-SY Tank Fann. 

Description of Facilitv 

Crib, gravel-filled, .200 ft x 15 ft bottan dimension. 

Radionucl i.de Content (calculated from discharge data) 

Radionuclide 

Pu, g 
Beta. Ci 
90S r, Cf 
106Ru' Cf 
137Cs, Ci 
soco, Ci 
U, kg 

At Time 
of Discharge 

<1 .9 X 10.l 
8.4 X 102 
3.2 X 100 
8.7 X lOO 
3.7 X 102 
1.4 X 10•• 
8.9 X 10.l 

Ref. S.75 

As ot 
6/30/78 

< o • .:sr 
<580 . ~ 

2.4i 
2.23 X 10-z 

299.0 
< 3.9i. 
< 0.09 

- .... 



COliTAMWATED LIQUID DISPOSAL SITES 

Name/Type of Facility 

Crib 

j :·ast Des ignati on 

I 
I 216-8-60 Crib 
I 

Location 200 East, N. W. Quadrant 

The crib is under the floor of the north
east corner of the 225-8 Building. 

!Service Dates. 

i 11/67-11/67 

I 
Site Coordinates (Approximate) !Reference Draw i nqs 

N-42573, W-54178 to H-2-34303 

RHO-C0-67.3 

I . rr. 

r Number 
I I 216-s-so 
i 

I status 

I Inacti ve 

I 

690 f t 
N-42583, W-54178 

Elevations 

Ground 
Water Table 
Site Deoth 

405 ft ( 197j ) 
40 f t 

Source and Description of Waste 

1. 89 x 10~ liters. Cell cleanout solid and liquid waste from the 24-inch 
sewer in 221-8. Low-salt, neutral/basic. . -

Description of Facility 
Two cribs, 8-ft diameter caissons, 16-ft long, bottom at depth of 40 ft . 
Deactivation: Tops of the caissons were grouted with concrete to seal 
in the waste; the 24-in. sewer was plugged at the west end of 221-8. T"ne 
site is now (5/75) covered by the 225-8 Encapsulation Facili~/. 

Radionuclide Content (calculated from discharge da ta) 

Radionuclide 

Pu, g 
Beta, C1 
127Cs, Ci 
U, kg 

At Time 
of Di sc.1-?arae 

0.080 
1600 
a.a 

720 

Ref. 5.76 

~ of 
6/ 30/7~ 

0 . 08 
<19 .9 

6 ~, -~ 
7:7.0 

- .... 



"-..0. 
0-.. 
~ 
Cj 

~ 

o.:! ,_. 
~,.,_)_ 
~ -""-"i-
0-,.. 

COliTAMINATED LIQU!O DISPOSAL SITES 

Name/Tvee of Faciiity I ~ast Designation 
I 

Crib I 216-8-61 Crib I 
I 

Location 200 East, N. W. Quadrant Service Dates 
~00 ft northwest of 241-SY Tank Far,n 
"-ZOO ft south of 12th Street Never used 

i 
I 

Site Coordinates (Approximate) !Reference Drawin~s Elevations 

ti-46650, W-54175 to H-2-34522 Ground 

RHO-C0-673 

I. NW 

Number 

216-8-61 

Status 

Inactive 

I 
I 

663 ft N-46650, W-54350 H-Z-34523 Water Table 404 ft 
Site Dee th 

Source and Description of Waste 

Future use: To receive waste storage tank condensate from ITS #1 Unit 
fn the Z41-8Y Tank Fann. 

Description of Facility 

Gravel-filled, 1750 ft2 bottom surfac! area. -. 
• 

--

Ref. 5. 77 
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RH0-C0-673 

CONT>V•tINATED LIQU!D DISPOSAL SITES I· ,iW 

Name/Type of Facility 

Crib 

I ~ast Designation 
I 

I 
I 

216-8-62 

I 

Location 200 East, ,;.w. Quadrant 

Approximately 1500 ft northwest of 221-8 

!Service Dates 

11/73-

l 
•Site Coordinates 

~-43=80, W-~499S to 
ii-43934, W-55349 

IRefer-ence Drawings Elevations 

Source and Descriotion of Waste 

H-2-34524 
H-2-34525 

Ground 
Water Table 

Site Depth 

1.9 x 106 liten as of 12/31/73. B Plant process condensate. 

Description of Facility . 

Crib, gravel-filled. =00 ft x 10 ft bottom dimension. 

Radionuclide Content (calculated from discharge data ) 

At rime As of 
Radionuclide of Discha~e 6/ 3011e 

Pu, g 8.4 X ,TQ•:. 0.37: 
Beta, Ci 1.9 <.l.!.0,0 

· 90s r, Ci 0.31 .l.9.l . l0 6Ru, Ci <l .8 X 10·2 < 0.62; 
137Cs, Ci 0. 33 33 .9 60co, Ci <8. 3 X 10•:. <4J.9.o 
U, kg <l .9 X 10·2 < 2. 75 

.. 

-

Ref . 5. 78 

!lumber 

I 216-8-62 
I 
Status 

Active 

697 ft 
404 ft (1973) 
.... 10 ft 

- .... 
-
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CONTAMINAno L!0U!0 DISPOSAL SITES 

rtame/Type of Faci 1 i ty 

Burial Ground 

Location ,oo East, N.W. Quadrant 

About 2,000 ft north of 8-Plant. 

~ast Oesignation 

300 East/ Industrial 
\ilaste No. 02 

Service Oates 

1945-1953 

I. IN 

I :lumber 
! 218-E-2 
I 

·, 

Status 

Inactive 

669 ft 

Site Coordinates 
N-44BZ7, w-~3426 
N-44395, W-SJ425 
H-4439~, W-SJ9SO 
ri-44a27, w-~39=0 

Reference Orawinas 
H-Z-2479 
H•Z-55534 

Elevation~ 
Ground 
Water Table 

!Sf te Death 
404 ft(1973) 

15 ft 

Source and Oescriot1on of Waste 

Failed equipment and industrial wast! (approximately ·3.2 x 103 ftl). 

Oescriotion of Facility 2.3 acres. Ref: Ltr. - Rockwell 1/09/ 80 #65421-80-005 
Backfilled trenches. 
Surface area 2.98 x 10 5 ft'. 

Radionuclide Content (calculated frc.-n disc~arge :.1!a ) 

i'lOTE: 

Radionuclide 

u' g 
Pu, g 

Total 
Seta, Ci 
,osr, Cf 
l06~u' Ci 
131Cs, Cf 

At Tfme 
of 8urf al 

3.0 X 10 5 

8.0 x lo-? 

2.5 X 10a. 
5.0 X 102. 
1.1 X 103 
5.3 X lQl 

As :! 
9/ ;: .';8 

; . J X .!,~ 5 
: • J X ~~2. 

: . :6 x l03 

2:;.J 
:.:.a x :o·s 

2~;.: 

I-

A ~tal of~ burial tre~cr.es are shewn on print• H-2-2~79 . - .... 
An inspection of the burial grouncs 2/21/iS dis~1csad some cavir.; ~ver all 
tr-9nches, and grouna suriac! contamination on a numce~ of t~mcle'lofe~ds near :r.a 
nortn end of 211:i-~-9. -
SunKen ground surfaces over :ne centerlines of the various tr!nc~!s ~lus ~ne 
v!';e:ation growth patterns snow the tr•Je location of tile b•lria: :r?nc:ies in 
burial grounds ~-2, C::•:, ~-9 to be di;-rerent :nan :nose dra'lln :.r. :1"int 1-1·2•5::3~ . 

See Attachments 

Ref. 5.79 

-· .,, 
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Burial Ground: 218-E- 2 

Extensive research work was done during the year 1979 to determine the 
locations of all burial trenches within the bounds of the 218-E-5, 
218-E-SA, 218-E-2 and 218-E-9 Burial Grounds radiation zone. The work 
included viewing aerial photographs and construction prints, analyzing 
plant growth patterns, and the load testing of the ground surface. 

Four previously unrecorded sites were identified: (See attached map, 
Figure A.2. Burial Grounds _ 218-E-2. E-2A. E-5, E-SA, and E-9) 

11 Site Referred to as the 202-A, L-Cell Burial Package. It consisted 
of four very large burial boxes. The burial location is shown as a 100 
foot by -120 foot rectangular area within the 218-E-SA Burial Ground. The 
0-2 Column from Purex K Cell was also buried here. 

12 Site Multiple trenches running north and south-in Burial Ground 218-E-S. 
It has been _ stabilized as a single trench. · 

f4 Site A long trench (423') running east and west along the north side 
oTiia-E-2 Burial Ground. 

~5 Site A long trench (423') parallel and adjacent to Site #4 above. 

Ref. 5.80 

--.. 
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Burial Ground: 218-E-2 

Fiscal year ground surface stabilization work within the 218-E-2 Burial 
Ground was done over trenches 13, 4, 5, 6, 7, 8, 9, 10, 11, and 12. 
(See map attachment.) irenches 5, 6, 7, 10, and 12 were so close together 
they were treated as a single work area. Trenches 9 and 11 were also 
treatad as a single work area. 

The work consisted of load testing the ground surface for subterranean 
voids by driving over the ground with a 40-ton vehicle, renoving vegetation 
and radioactive contamination from the ground surface, placing 1 foot of 
fill dirt over the burial trenches and seeding the prepared surfaces with 
cheatgrass. 

Details of Cheatqrass Seeding 

o Broadcast seed at rate of 20-25 lbs/acre. 
o Cover seed with a drag. 
o Cover with wheat straw mulch at the rate of ~MO tons rrulch/acre 

(approximately 60 bales of straw). 
o Apply amonium sulphate 21-0-0 fertilizer at the rate of 100 to 

per acre. 
o Water with water-truck at the rate of 6500 to 7500 gals/acre. 

watering after one week. 

200 lbs. 

Repeat 

The ground sut.-faces between the seeded trenches were stabilized against 
~eather erosion with a three- to six-inch covering of bank ·nin gravel. 
The gravel covering will be treated with ureabor herbicide at a rate of · 
500 lbs/acre. 

A total of 9,000 yds 3 of dirt was used in the 218-E-5, SA, 2, and 9 
Burial Ground complex for fill material and seed bedding. Three thousand 
yards of gravel were spread between the trenches. 

Ref. 5.81 

--



t. TABLE 4 @a-ft 2A, 5, SA &(ID STATUS 

SOIL DEPTH 
TRENCH .NO. {NO BIOSARRIERS) REVEGETATION SPECIES 

1 1' To Be Completed FY ·so 
2 1' To Be Completed BY 1 80 
3 1' Cheatgrass 
4 l' Cheatgrass 

S~ 6, 7, l' Cheatgrass -- 10, 12 c::,, -.=r-· 
8 1' Cheatgrass tc::l 

~ 

0:1 9, 11 1' Cheatgrass ~·· ----l!"-.J 13 3"-6" To Be Completed FY 1 80 r,,..""'.i! -
··---Q"'t 

• 

. 
f - .... 

Ref. 5.82 
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CONTA:·TINAT£0 L!QU!O DISPOSAL SI1""':.S 

Name/Tyce of Facility 

Storage Site 

Location 200 East, i~. w. Quadrant 

Ab~ut 14,00 1't north of 8-Plant. 

~ast Designation 

Regulated Equipment 
Storage Site No. OZA 

Se!'"Vi ce Oates 

Unknown 

Elevations 

~lumber 

218-E-ZA 

Status 

Inactive 

Site Coordinates 
11-43~~7, W-53426 
N-4439=, W-~3426 
N-44395, W-54225 

!Reference Orawinas 

H-2-34761 Ground 681 ft 
Water Table 405 1't(1973) µ-s.• 1.¥11 

fte Oeot.~ NA 
Sour.:e and Oescriction of ~aste 

Regulated equipment. 

Description of Facility 

Aboveground storage. 

Radionuclide Content ( al cu 1 a ted fr0111 di schar-;e data) 

NA 

~: 

Print H-i-2479 shews the outline of a t~ncit 4o feet wide along the nort., 
boundary of 218£-~ (a later designation) Burial Ground or above ground 
storage site. 

Print H-,-~5534 also shows this trench at coordinates N-44332, W-53812, 
N-44332, W-:j34o8; but the trench is f~roper~y drawn on the print. The 
C9nterline rl-44332 is shown sou!., of a post at N...!.!327. However, it s!il1 
falls within the area later designate~ as the 215-~-~~ aurial GMund. 

i}Jere are no records or u · ,_ invent~ries availab;e at tMs ·"'r"iting to --
indicate the 21.6.. .__ was e•ier used as a burial ground. !: more 
properly should ' designated as a regulated ~uiprnent above ground storage 
site. Title ,li i :·. ~eJi!l'le.:~P'I :;iie!:i1! ee fiprgi,~eg.. -

Q/21/00- An inspection of tie burial tre~ci'! in 21-~-~-2A, sout:i of t,e 
Fa1 ,road track. disclosed a number of sink noles a;ong tne cen:ar l~ne of 
the trench, inaicating tne trench nad c~n aug ana 1.1sed for d.r'J ·"'as:a :ur"ials. 

(See Attachment) 

Ref. 5.84 
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Burial Ground: 218-E-2A 

During the surrmer of 1979, a number of loads of dirt were hauled in a~d 
dumped over the burial trench in 218-E-2A Burial Ground. This fil l material 
brought the surface of the trench to ground level. Future plans for 
fiscal year 1980 include stabilization of the ground surface of this trench. 

Ref. 5.85 

. ' ·--- - -

- ... 



I 

"""""" ~...,J 
1",,c"'"? -... ~-=r-
0--. 

C01iTAi-tl1iJ.1TEO SuLliJS STuRACiC: A1IU GUiUAL Sii~S 

RHO-C0-673 

I. r4W 

Name/iype of Faci 1 i ty_ 

Burial Ground 

•- · -- -----.. --. --
E.~ Oi:s i_':lnc. ti ur~ 

200 East/Mi nor 
Construction No. 4 

I
. .. L· ;ui:: ·c:;l"' ---
: 218-E-4 

I-L-o_c_a_t ,-. 0_11 ___ 20_0_Ea_s_t_, -N-. W-. _Q_u_a-dr_a_n_t __ .;..... _ _ ·~v-1-· ,-e-OJ_t_e;-;...1 -S t_a_t_!J .. -_ ----
; ------ I 

Atout 1,300 ft north of 8-Plant. 

Site Cooruinates 
N-43757, W-~3575 
11-43606, W-53700 
~-44175, W-54170 
N-44300, W-54150 
Source and Description of~~ 

I 

2/55~1956 

Reference Jr-lwi ,w: 

H-2-31269 
H-2-34761 

Elevuticns 

Ground 
j Water Table 
1
Si te Depth 

Repair and construction wast (approximately 5.6 x 104 ft3). 

ues~riptio11 of FaciJ..!...E..v_ 

Sackfi 11 ed trenches , surface area: l . 56 x 10 s ft" . . 
• 

Radionuclide Con :cnt ( ca 1 cu lated from I, i SCf..! I i~ U,l ta i 

At Time As ot 
Radionuclide of Burial 9/30/i8 

u t g 1.0 X 103 l.J X l0 3 
Pu, g 10 lO. 
Total Seta, Ci 10 4.67 90Sr Ci 0.20 O. ll2 t 
l0 6Ru, Ci 0.43 !.,60 X :,o 4 
l37Cs • Ci 0.21 O.l24 

~: 

The number of trenches is not known. 

Ref. 5.86 

Inactive 

i.681 ft 
"'404 ft (1973) 
NA 

--
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C011TA:-II1,AT~D SOL!uS S:uRAGE A,!tJ SUiUAL S17C:S 
RhO-C0-673 
I. r~ 

I Na:r.e/7vpe of Facilitz 

I Burial Ground 

~-----------------------,s:-·-:-. -: .. -:-:--:---, s ::a. i:"':: 
l.oc:acicn 200 East, N.W. Quadrant i·-P.-~·_n_c_!!_ .. •:_:_i:!_s I 

About 1,850 ft north of S Plant. 

·-------r--· :, • • r,~- .; .., n. •1· ''I I •• ,,. ; , - ~• .;.~.I. • .J , it ,C.I '•"' 
1

. ,y , . ..,1: . 

I 

200 East/Industrial ; 218-E-5 
Wasta No . 05 

1954, 1955, 1956 l Inactive 

I Refer-enc:? ElevHicns 
Ground 671 ft 

Site Coorciir.ates 
H-44827, w-5JS50 
H-44400, W-5395O 
N-44400, W-54177 
N-44827, W-54177 

H-2-31259 
H-2-55534 
H-2-34761 
H-2-2479 

, '.ilater raole 
pfte 0eoth 

404 ft( 1973) 
15 ft 

I 

Sourc:! a,1<1 uescri p: ion of Waste 

Failed equipment and industrial waste {approximately 1.1 x 10s ft?). 

Descrip:i:.:n of Faciiit; 2.3 acres. Ref: Ltr. - Rockwell 1/09/80 #65421-80-005 

Backfilled trendies, surface area: 1.02 x 10 5 ft'. 

Radi onuc t f de 

u, g 
Pu, g 
Total Seta, Cf 
90s,- Cf 
lC 6R~. Cf 
L37Cs, Cf 

At ifme 
of Burial 

1.0 X 10 ! 
6.2 x 1oz 
7.5 X 103 
1.S x 1~ 
3.2 x lOZ 
1.6 x 1oz 

A.s o: 
9/ 30 / "."8 

3,.~ ·E 
::14. ! 

... • ,, 5 ... -· 
-.6; x :o•s 

93 • .3 

Print H-2-2479 shows the location of ene • ·11 t~enci'l-having be9n 
dug in the 218-E-5 Burial -Groun~. 

The locations of the trenches in t~is burial ground, as indicated by 
sink i'lol es and ·.--eed gro..,.tl'I patterns a long the 1 engt.;, of tne trencnes, 
is different t.ian locations si'lown on Pr-~ nt H-2 •S:53.:.. 

Ref. 5.87 
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Burial Ground : 218-E-5 

Extensive research work was done during the year 1979 to determine the 
locations of all burial trenches within the bounds of the 218-E-5, 
218-E-SA, 213-E-2 and 218-E-9 Burial Grounds radiation zone. The work 
incl~ded viewing aerial photographs and construction prints, analyzing 
plant growth patterns, and the load testing of the ground surface. 

Four previously unrecorded sites were identified: (See attached map, 
Figure A.2, Burial Grounds 218-E.-2, E-2A, E-5, E-SA, and E-9) 

11 Site Referred to as the 202-A, ·L-Ce11 Burial Package. It consisted 
of four very large buria-1 boxes. The burial location is shown as a 100 
foot by---120 foot rectangular area within the 218-E-SA Burial Ground. The 
0-2 Column from Purex K Csl1 was also buried here. 

#2 Site Multip1e trenches running north and south in Burial Ground 218-E-5. 
It has been stabilized as a single trench. 

#4 Site A long trench (423') running east and west along the north side 
of 213-E-2 Burial Ground. 

IS Site A long trench (423') parallel and adjacent to Site #4 atove. 

Ref. 5.88 
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Burial Ground: 218-E-5 

Fiscal year 1979 ground surface scbilization work within the 218-E-5 · 
Burial Gl"'Qund was confined to a rectangular area 131 feet by 340.S feet 
containi~~ multiple burial trenches running north and south. 

The work consited of load testing the ground surface for subterranean 
voids by driving over the ground with a 40-ton vehicle. marking the 
site location with steel posts, removing vf!9etation and radioactive 
contamination from the ground surface. and establishing a one foot de~p 
soil seed bed over the entire area. 01"'0ught resistant grases will be 
seeded in · FY1980. 

(See Table 4 Attachment} 

Ref. 5. 89 
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TABLE 4 

TRENCH.NO. 

1 
2 

3 

4 

5, 6, 7, 
10, 12 

s 
9, 11 

13 

218-E-2, 2A,@5A & 9 SiATUS 

SOIL DEPTH 
(NO BIOBARRIERS) REVEGETATION SPECIES 

1' To Be Completed FY '80 
1' To Be Comi,leted BY '80 
1' Cheat grass 
1 I Cheatgrass 

1' Cheatgrass -
1 I Cheatgrass 
1' Cheatgrass 

J•-6· To Be Completed FY '80 

--

Ref. 5.90 



;o
 

I'l
l .... . • • 8 0 .. •• i 

' ,
. 0 .....
.... 

.....
.... 

C
D

O
C

r
a
-
•
"
"
>

lt
l 

..
. .

.a
a 
.
-

••
 ,.

..
._

. 
IN

'a
 

.....
.. 

I 
,.

 
f'

--
--

-•
--

-,
,=

-~
-e

--
--

-
C

A
M

lO
IC

 
• 

,. 
• 

I 
• 

©
 

0 

~
 .. ,.

,. -
· 

_
_

 .
.
.
 H

Ii
i .

..
 _

_
 

If
 .
.
 I&

. I
 I

I 
•
I
 C

H
I 

->
<

"
 

,. . 
. ......

... .
 

.. .. , .
.... 

.. ....
. 

IA
U

C
C

II
O

t 
u 

..
..

..
..

..
. 

~
 

0 
'1

~1
 :

, .
...

. 

'll
J•

'&
11

' 

I 
~

-
•
•
 

.•. ,,
 .... 

~~
---

©
__

__
__

__
__

__
__

 
.....

. 
4~

 
""

·--
ti-

--
--

--
--

--
--

~ 
I 

I 
• 

--
--

--
--

-1
"1

'-
--

-•
-
-
-
-
-
-

..
..

..
..

..
..

..
. .

 

•••
••••

•••
 

, .. ,
 1 

C
D

O
I
I
Q

-
A

 
-a

u
, 

, .
. a

u
• 

a
#

-c
l•

IN
A

l'
IL

W
 

.....
.....

 

R
~

fe
re

nc
e:

 
tt~

Z
-2

47
9 

'i
 

FI
G

UR
E 

A
.2

: 
BU

R
I.A

L 
GR

OU
ND

S 
2

1
8

-E
-2

, 
2A

, 
5

, 
5A

, 
AH

O 
9 

' I 

• . i ' 

C
l)

 

C
: .,, "O
 

0 :0
 

:j
 

z a D
 

0 n C
 :: m
 !i 0 .... 

JI
 

O
J 

O
J 

7
· 

-
--

--
--

--
--

--
=

:-
--

--
--

-.. -
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

1 
J 

• 

:n
 

0 n :ic
-- ~
 

!=.
 - :I ~ - 0 ... c
i C
 

'C
 

C
: ... CJ
 ,.. 0 :,
 

Il
l 



\. 

~Oi1TAH!i,ATED SOL!JS STuAAGE A,llJ BURIAL SiiC:S 

RH0-C0-6i3 

I. f.lW 

N.ir;;e / 7ype af Facil i tz 
Burial Ground 

-------·· ~':.. Des ignaeia11 / ~i ... 11:ti::r• 

200 East/ Industrial 
1 

218-E-SA 
Waste No. CSA ! 

Location 200 East, N.W. Quadrant !Servii.;e Oates l·----- I s ca t~s 

Abcut 1,850 ft north of B Plant adjacent ta 
and west of 218-E-5. 

11956-1957-1958-
. 1959. I Inactive 

Site Cooruinates Reference Or.iwin•JS Eie•,ations 

N-44827, W-54177 M-2-55534 
N-44400, W-S4ln H-2-34761 

Ground -,.571 ft 

r~-44400 • w-S4609 
1,-44827 I W-54609 

I Water Tab le 
iSite Oeoth 

"'404 ft(l 973) 
-,.15.,5 ft 

Source and Oescription of ~aste 
i 

Failed equipment and industrial waste (approximately 2.2 x 10s ftj • . 

Jescriction of Facilit~ --------- 3.4 acres. Ref: Ltr. Rockwell 1/09/80 IE5421-80-00S 

Sacxfilled trenc.~es, suriace area: 2. 27 x 10 5 x ft'. 

~aJionucl ide Cor~ (c.:1 lc;~t.11:e•J fr-Gr.: ~i::ci. .; ,· :-.: ,:.itli, 

NOT£: -

· At Time 
Radionuclide of Burial 

u I g 
Pu, g 
Total Beta. Ci 
90s r. C1 
l0 6Ru Ci • ll7Cs • Ci 

1.2 X 10 5 

1.4 X JQ3 
1.7 X lQi. 
3.3 X 104 
7.1 x 1oz 
3.5 X 102. 

A.sot 
9/ ;0/:S 

1..~ X 1.0 S 
l.!. X ~~J 

2.99,0 

Unab 1 e to 1 oca ta any print sho~,i ng 1 ocati on of our-i a T t:-enc:hes 
in this buriai ground. 

Ref. 5.92 
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Burial Ground : 218-E-SA 

Extensive research work was done during the year 1979 to determine the 
locations ~fall burial tre~ches within the bounds of the 218-E-S , 
218-E-SA, 218-E-2 and 218-E-9 Burial Grounds radiation zone. i he work 
included viewing aerial photographs and construction prints, anaiyzing 
plant grO'~th patterns, and the load testing of the ground surface. 

Four previously unrecorded sites were identified: (See attached map, 
Figure A.2. Burial Grounds 218-E-2, E~2A. E-5, E-SA, and E-9) 

fl Sfte Referred to as the 202-A, L-Cell Burial Package. It consisted 
of four very large burial boxes. The burial location is shown as a 100 
foot by 120 foot rectangular area within the 218-E-SA Burial Ground. The 
0-2 Column from Purex K Cell was also buried here. 

12 Site Multiple trenches running north and south in Burial Ground 218-E-5 . 
It has been stabilized as a single trench. 

f4 Site A long trench (423*} running east and west along the north s ide 
o1"11s-E-2 Burial Ground. 

#5 Site A long trench (423') parallel and adjacent to Site ~4 above . 

Ref. 5.93 
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Burial Ground: 218-E-SA continued 

Fiscal year 1979 stabilization work with;n the 218-E-SA Burial Ground 
was confined to a 100 foot by 120 foot rectangular area above the burial 
sites of the Purex L-Ce 11 buri a ·1 package and the "2-0" co 1 umn from Purex 
K Cell. -

The work consisted of load testing the ground surface for subterranean 
voids by driving over the ground with a 40-tan vehicie. marking the site 
location with steel posts, remov_ing vegetation and radioactive contamination 
from the ground surface, and establishing a one foot deep soil seed bed over 
the entire area. Drought resistant grasses will be seeded in FY1980. 

See Table 4 Attachment 

Ref. 5.94 
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TABU: 4 218-E-2z 2Az 5/SA'!& 9 STATUS 
c:> 

SOIL DEPTH 
TRENCH .NO. (NO BIOBARRIERS) REVEGETATION SPECIES 

1 1' To Be Comi,leted FY '80 
2 1' To Be Co""21eted BY '80 
3 1' Cheat grass 
4 1 I Cheatgrass 

::-r· 
5, 6, 7, 1' Cheatgrass 10, 12 -

8 1 I Cheatgnss 
9, 11 1 I Cheat grass 

13 3•-0• To Be Completed FY '80 

·,. 

• 

. 
' --

Ref. 5. 95 
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RHO-CO-ai3 
C011TAHI1•~ TE.O SuL!uS STuRAGE AillJ BUR!AL s Ins I. r~w 

Ma~e/Type of Facility 

Storage Site · 

------ ---------
~ Des i ~nacfo11 
200 East/Regulated 
Equipment Storage Site 

I t o --•e .. i . 11Jl .. ..i • 

: 218-E-9 

1------------------:...-~,-=s-e-rv""".i_c_e""".O:-.i"'."'t-is-- l S ~ C:JS 
Loca.cion 200 East, N.W. Quadrant !" ! 

No. 09 

About 2000 ft north of B Plant. 1958 
East of 218-E-2 Burial Grounds. 

Sice Coor-dinates IRefer-enct? ikawinos 
N-44395, W-53426 
N-44827, W-S3425 H-Z-31259 
~-44827, W-S3515 
li-44395 , W-53516 

Source and Descriocion of ~.isce 

Regulated equipment storage. 

E1evations 
Ground 

I Water rable 
Site Oeoth 
I 

~escrigtion of Facilic~ 

Above ground storage. 
(See 218-E-2 for acreage) 

;{adi onuc 1 i de Con :~nt ( CJ 1 ~:.i; J titd frcm ·c i ~Cnc!r•.1~ c.!:.1 r;IJ i 

NA 

1~: 

".009 ft 
~4 tt(l973) 
NA 

8ur1al Ground 218-E-9 appears never to have been a burial ground; but to have 
been used exclusively as an "Above Ground Storage .Site". 

The 218-E-9 listed coo~dtnates of N-44395, W-53426; N-4i1827, W-53426; 
N-44827, W-53516; and N-44395, ~-53516 fall within tie boundaries of the 
east 90 feet of the 218~-2 Burial Ground. 

a is recorrmended that the designation 21a-E-9 be deleted frcm : .,e buria i 
ground records. - ... 

~: Extensive work was done in FY1979 to upgrade 218-E-2 and 
218-E-9 Burial Grounds. See 218-E-2 writeuc for details. 

Ref. 5.98 
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RHO-C0-673 
COHTAi-l!i4ATEO SOL!uS STuRAGE A,W OUHIAL SiiES I. NW 

,.-~~=-~~-;:-:-:-:;-i"'7"::"."."" _______ __,_.. ··- - ·----------.,---- · -
Name,'7ype of Facility ' 'as: Desic:;nacio11 I :1umt: r 

i 
200 East/Industrial 1 218-E-10 

: iilas te No . 1 0 i 
Burial ground. , ________________ _ 

Location 200 East, N.W. Quadrant 

About 2000 ft north and west of B Plant. 
Directly west of 218-E-SA. 

iService Oates 
I 

! February 1960 

Site Coordinates Reference urJwinus Elevations 

N-44395, W-55444 
N-44464, W-55440 

Sourc: and Description of Waste 

H-2-31259 
H-2-55534 

Ground 
I Water Table 
1Site Depth 
i 

I 
Status 

Active 

671 ft 
404 ft( 1973) 
15-25 ft 

Failed equipment and industrial waste (approximately 5.4 x 10s ft3). 

1------------------~~scriptio~ FaciJ.i.S~ • 

8 trenches running norit and south, approx. 400 . ft long, surface area: 
7. 83 x 10 5 ft2

• Trench ,1 is 24' deep, 15 ft wide in the bottom,and 63 ft wide 
at ground level.· All other trenches are 15 ft deep, 16 ft wide in the bottom, 
and 61 ft wide at ·ground level. 

Radi~nucl ide Con~~nt (c3 1(.ui<lte<J from ;! i :5C.i1J1 ·• j.; -:a c.i, 

At Time As of -Radionuclide of Burial 9/30/7'8 

u, g a.ax 10 5 a.a x lO S 
Pu, g 4 . 9 X 103 !..9 X l0 3 
Total Beta, Ci 2.4 X 10 5 4, 33 X lJ: 90sr, Cf 4. 8 X JQ3 l.02 x .:.: 5 
106Ru Cf 1.0 X 1oi. 54i..o 137Cs, Ci 5. 1 X JQ3 l.:3 x :: : , 

Misc. 
Radionuclides :.:2 X l.0 3 

.. --

Ref . 5 .100 
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CIJ~HAMU:ATl:.J uourJ IJ[Si'~S,\L srn3 --------·--· ·- ·• -·-- .. 

----~1.i111e/Type of F.lcility / r1st IJP~i(J,,,Jl:i ,Jn 

Unplanned Release I 241-8-152 I -----· 1 ~ffv ice OJ tes LOC,Hion 200 East , N • W. Quadrant I•----- ---- I 241-8-1=2 Diversion Box Spring 1954 
Southwest corner of 241-8 Tank Fann ! 

I 
I 

(Approximate) --s 1 t.e Cuord, na S£ Reference Or,mi n1Js ! Elev.it ions 

N-45000, W-S3000 H-2-4450 1 ·Ground 
Sheet 7 I Water Table 

I Site Oeoth 

Source .rn~ __ Gescription of w.:iste 

---· Jt:s-:riptfrn of F".ici 1 i cv ---- ···- ---- --~-

RHO-CD-67 J 

I-. NW 

r:umber --
UN-216-C:-2 

-S tJ tu-; -·· 

Inactive 

625 ft 
392 ft (1973 
Several tren 

' 

ft2 next to -the 241-8-152 Oivenion An area of approximately 50 Box was contaminated during work on the di venion box. A portion of · the contaminated 
s011 was removed and the remainder covered with several inches of clean soil •. 

!~Jdionucl iu~ Cur:tcnt (at time of discharoe) - - · --- ·-- ·--- . 

Approximately 1 Cf Mixed Fission Products. 

- ... 

Ref. 5.101 
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CONTAMINATED LIQUID ors;,os,\L StrE3 
RH0-C0-673 
I. NW ·---

-·----~--------------r---· ·---------- .. - . -· ···-_~1.!lli(!/Type of_,t)_ci li t.z. . r .1st G1 1$i'm<Hion r:umber 
- -------

Unplanned Release 241-SX-155 Diver-sion UN_-216-E-6 
Box ground contamination 

- --~- ·--------------~I ~!:ie-.r-v~i-ce-0.i te~- Sta tu~ 
Location 200 East, N.W. Quadrant 

I 
Octabe-

1
_
95

_
5 

-·-
241-SX-15~ Oiver-sion Box approximately , 
900 feet south of the 241.-SX Tank Fann. 

Reference DrJ\" i "'JS I Elevations 
Ground 625 ft 

U•44200, W-53200 H-Z-44500 I Water Table 329 ft(1973 
I Sheet 7 I Sf te Deoth iiear suriac I 

I 

Source anu OescriptioA of Waste ·--·-·----------
Mixed fission product salt waste fran B-Plant. 

u~s<.:riµ ti un _of F.ici 1 i ty 
Ground contamination near 241-SX-15= Diversion box resulting from pressure 
testing of lines and jumpers fn the 155-SX Diversion Box. Approximately 
200 ft2 . of surface area was covered with clean soil. 

!~aq_i on~~~~~ C?~!!£!!! (at time of discharge) 

Approximately 10 Ci Fission Product. 

History: 

lA spill that occurred during pressure testing of lines and jumpers in tne 
15~-SX Diversion Box caused ground· contamination to a maximum dose rate of 
22.6 rads/hr at surface. Effected area is approximately .98•ieec 54:1aare. 
It has been covered with clean ~oi 1. ~, .. ,tt-• 

Ref. 5 .102 
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conrAMUIATED LIOUW O{Si'OS,,L SITE;j ---
RHO~U-~/J 
I. rtW 

'--~--:--=---:-:-~-------,,----------
1 :IJ :ne/Type of F.icility r~'.~i,mc1tion r:umbc:-

Unplanned Release 221-8, R-3 line break UN-216-E-8 

,----~-------------:-! :-?_e-:-:. r:-v"7'i':".ce::-;:0:-:-J-:-t;.~- S tatu:_ 
~ 1..£.1!. 200 East, N. W • Qlladran t 

1 

South of 221-8, between the bui 1 ding and
1 
I 

7th Street. , 

I 
Ti t.e Co ora i na tc~ (Approximate) Reference Dr.:M i~l.5_ 

1;-42~75, W-53450 H-2-44500 
Sheet 7 

1946 

Elc ·,..1tions 

-- . 

686 ft 
404 ft(1973) 
NA 

Ground 
Water Table 

I Site Depth 
----------..J...-----------------~o~~n;J_ Description of Waste 

Metal waste from 221-8. 

u~s.:riµtion of F~;z 
An area approximate1y 100 ft x SOO ft long due to waste from a leak in the R-3 
line. During subsequent constructio.n activity the major portion of the con
taminated soil was removed to the 200-E Ory Waste Burial Ground. 

!~.:1 d_ionu_c_!_iu_':_,_~ ~,!~tc~ (at time of discharge) 

<SCi mixed fission products remain. 

Ref. 5.103 I 
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CONiAMtrlATED LlOUiiJ UISPUS,\L SITE:i ·---·-----·-· 
RHO-CD-673 
I. NW 

No1me/Type of Fac i 1 i ty 

Unplanned Release 

I -r~;; t- O<~n.:i t. i r,n_ 

221-8, R-13 Line Break 
Near Utility Pit 

r:iJlnbe r 

UN-216-E-13 

Locat ion 200 East, N.W. Quadrant I SerTiceOJLes- · St.a tuz 

I 7/20~;2-221-8, R-13 Utility Pit 

' I 
S1 te Coordinates (Approximate) Reference Ur<J\-1in1Js_ ElcvJ ~ions 

N-42500, W-538=0 H-2-4450 700 ft 
Sheet 7 

Ground 
Water Table 

! Site Depth 
402 ft(1973) 
NA 

Source and Oescriotion of Waste 

,21-8 Process Waste. 

--------------------·-------------O_es1.:riptio11 of f.ici li ty 

Leak in pipeline from Tank 18-1~ 221-8 Bldg. to 154-SX Oivel"'Sion Box near 
the R-13 Utility Pit. Radiation measurements in the pit were 15 rad/hr 
at 2 in. • 

l~q_iom~~i-~~ Co!1tc~ (at t ime of discharcP.) 

History: 

·Radionuclide 

L3 7Cs, C1 

At Time 
of Oi scharge 

"'l 5 

As of 
12/31/73 

"'14 

Excavation of an unencased line (from tank 18-1, 221-8 Building to 
154-SX Diversion Box) near the utility pit at R-13 disclosed a process waste 
leak. Radiation measurements taken at bottom of the pit read 15 rads/hr 
within oo inches of the source. 

.. 

(See Attachment) 

Ref . 5.104 
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RAO l AT t°O N O CC U RR E NC E 

M. O. Alford 7 /20/72 I TIMC 

0830 

3-B 

Loss of central of ccntaarination 
from a radiation zone. 

1.0CATION 

221-B, R-13 ?it 
CAW8C cooc, _,_-_B __ _ 
Fai1ure of equipment (line or flange leak ). 

Curing a routine survey, high radiation was disccvered in the R-13 pit adjacent 
ta the 221-B canyon Building. Radiation levels of iS rads/hr existed in the 

northeast ccrner of t.'1e 12it near the bottom (approximately six feet down). 
It is suspected the ccntamination had seeped into the pit from the east side 
where several unencased lines leave the building. The line mast likely to 

have caused the ccntami nation is the 18-1 waste 1 ine that goes ta the 154 BX 

diversion box just south of the 221-8 Bui1ding. 

I 
&CTI- TA•CN 

GE oacl<man (2) 
SJ i·, cMurray (z).!,_Dl~ea was zoned off and excavation started to trJ and locate 
GC Cb erg I the ~ale.. 
FA ?erkins 
RE Smith 

· ) IN••aTle.A T'&~ • Y ~AT'& QI' ' ""' Ca T i e.A TIO• 

--

~ - -· --· ···- -----·· -·a-. L. Mahan F. A. ?erki ns 7 /20/72 
":"~":":.,.::-::~~.~co:0-:-c~,.,.~1.~o~ .. ~.a~.---i-.;..;....:,;;....;.;,;:,;.;,;;:;.;.;...;..;....,;,.;...;..;.:.~...:.------__._-.....;__,......, _________ _ 

-·-·- .... ....,. 
None 

. . -----
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REFERENCE 6 

Memo to file from BW Mercer on 8-18-87, Solid Waste Volume 

Estimates for Selected 200 Area Burial Grounds 

I, 
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()Battene Project Number ----

lntamal Olstributlcn 

Cate 

To 

Pacific Northwest Labo~tories 

August 18, 1987 

File 

File/LB 

Frcm B. W. Mercer 

Solid Waste Volume Estimates for Selected 200 Area 
Burial Grounds 

Supervisory personnel in process operation and radiation monitoring in 
200-West Area during the period 1944 to 1968 were interviewed to obtain 
estimates of the volumes of solid waste disposed to several burial grounds in 
the 200-West Area. The estimates are as follows: 

BWM:OAL:dar 

218-W-l 
218-W-2 
218-W-3 
218-W-4A 
218-W-lA -

250,000 ft 3 

290,000 ft 3 

390,000 ft 3 

630,000 ft 3 

480,000 ft 3 

--

Ref 6. 1 



REFERENCE 7 

Hanford Wells, PNL-5397, February 1985 
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Ground Water Monitoring at Hanford Site, 

January-December 1984, PNL-5408 
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File Note 

Date: 

From: 

Subject: 

1a,29,a7 ,'!;;;,I 
~ RD Stenner 

Prefix number change for FFTF well identification numbers as 
used in References 7 and 8 of U.S. DOE Hanford 200 Area NPL 
package 

The document in Reference 8 uses the 699 prefix for the FFTF wells which is 
the general prefix used to indicate general Hanford Site with no attachment 
to a specifically defined Hanford Area. The document in Reference 7 uses the 
499 prefix for the FFTF wells which is the prefix for indicating an 
ass·ignment specifically to the defined Hanford 400 Area. The wells S0-7 and 
S0-8 with the 699 prefix irr Reference 8 and the S0-7 and S0-8 wells with the 
499 prefix in Reference 7 are the same wells. 
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RADIOLOGICAL IMPACT . 

Ground-water transport of radionuclides at the Additional monitoring of all DOE drinking water 
Har,ford Site repre!ents a potential pathway for systems at Hanford is conducted by the HEHF. 
,cposure to radiation via water obtained from Information on this effort can be obtained from 

e ells that tap the unconfined aquifer or from the Maas (1985). 
~olumbia River into which the unconfined COLUMBIA RIVER 
aquifer discharges. T~e following discussion 
e,camines these potential pathways. Ground water from the unconfined aquifer 

enten the Columbia River via subsurface flow 
UNCONFINED AQUlmt and springs that emanate from the riverbank, as 

! During 19&4, drinking water for the Fm (wells 
reported by McCormack and Carlile (1984). The 
amount of tritium entering the river is calcu-

69'-S0-7 and 6~8), the Yakima Barricade 
lated, based on the average concentrations of 

~rdhouse (well 699-49-J@C), the Arid Land 
tritium in wells near the river and the flow rate of - t Ecology (ALE) site (spring and well 699-S18-51), 
ground water into the river. -:::r and the Hanford Patrol Firing Range (well 699-

it.::l. 528-E0) was obtained from the unconfined During 1984, tritium concentrations measured in 
~ 

o::ll aquifer, or in the case of the spring the confined wells at the old Hanford Townsite were in the ,_ 
aquifer. Figures 1 and 4 show the location of range of approximately 100,000 to 250,000 pCi/f. ~ -_ ,. these drinking water sources. Untreated water The average concentration of tritium entering . ., . - ,. iamples were collected quarterly from taps at the river in this area during 1984was estimated to '""'-r-' -

a-, ~ the various sites. Analyses were conducted to be 1n,ooo pCi/f. Except for some small zones 
determine the concentrations of gross alpha, around the 100-8, C, 100-K, and 100-N Areas (see 
-Co, mes, '°Sr, lH and gross beta at all the sites, Appendix 8.2 and Figure 5), ground water from 
and additionally, 1°'Ru and 22Na at the FFTF. Cal- the Hanford Townsite area represents the highest 
culations were performed by computer model probable tritium concentrations entering the 
(Napier, Kennedy and Soldat 1980) to determine Columbia River. 

, if the annual dose exceeded the 4 mrem dose 
Despite the fact that tritium enters the Columbia 

equivalent limit established by EPA (U.S. Envir-11 
onmental Protection Agency 1984) and the State 

River near the Hanford Townsite, the impact to 

of Washington (Washington State Department 
the river is low. The average annual flow rate 

of Social and Health Services 1978) for drinking from the unconfined aquifer into this section of 
the river near the Hanford Townsite has been 

water. 
estimated to be approximately 0.085 ml/sec 

Quarterly drinking water samples collected at (3 ds). This is based on the ground-water Varia-
the Patrol Firing Range, ALE, and the Yakima ble Thicknesi Transient (VTT) model developed 
Barricade were at or below the detection limits for the Hanford Site (Reisenauer 1979). During 
for the various constituents listed above. At the 1984, the average Columbia River flow rate at 
FFTF, only tritium appeared at levels well above Priest Rapids Dam was approximately 3,186 ml/ 
detection, or State of Washington or Federal EPA sec (112,500 ds) (Price et al. 1985). Ground water 
screening levels. Tritium concentrations ranged entering the Columbia River from the Hanford 
from 24~000 to !S+.000 pCi/!, with a mean of Site was, therefore, diluted by several orders of 
29,000 pCi/f. The annual intake of 250 ! of water magnitude because of the difference between 
(based on an occupational consumption of one the river and ground-water flow rates. The tri-
1/d for 250 d/yr) from this source, at the mean .tium concentration in the river because of ground - .a. 

concentration of 29,000 pCi/!, would produce a water in this area was calculated to be nearly 
SO-year committed whole body dose equivalent S pCi/t. During 1984, the average background 
of 0.46 mrem. This calculated dose equivalent is tritium concentration in the Columbia River 
less than 15% of the Washington State Drinking upstream from the site was 130 ± 15 pCi/f, and 
Water Standard of 4 mrem per year. the average concentration downstream from the 

site was 170 ± 23 pCi/ f (Price et al. 1985). The 
r - contribution by ground water compared to 

background concentrations was not significant. 

43 Ref 8. 1 
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30-0CT-87 

WATER 

Samp ~: 1220 

Date Off Date On 
--- --

05 MAR 84 05 MAR 
01 JUN 84 01 JUN 
20 AUG 84 - 20 AUG 
19 NOV 84 19 NOV 

Version 1.0 Page 1 
ENVIRONMENTAL SAMPLE ANALYSIS RESULT REPORT 

05 MAR 84 to 19 NOV 84 

SANITARY WATER 

FFTF 481 BLDG 

108/H 3 LIQ 

Result +I- 2 
CPCI /L 

84 3.54E+04 +I-
84 2.64E+04 +I-
84 2.96E+04 +I-
84 2."38E+04 +I-

SAN GF:AB 

Sigma 
) 

5.93E+02 
5. 11E+O ... 
5.41E+02 
4.84E+02 

UNFILTERED 

Comments 
--------

Fraction of Results >DL: 4/ 4 Mean: 2.88E+04 
Minimum: 2.38E+04 (19 
Maximum: 3.54E+04 (05 
Median: 2.64E+04 

NOV 84) 
MAR 84) 

l 

Standard Error of Mean: 5.64E+03 
Standard Deviation: 1. 13E+04 

:. 

. ·. 
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REFERENCE 9 

Project Inspection, Log Book Project V-749, 

400 Area Water Systems Improvements Water Well (FFTF Well) No. 4 
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FILE NOTE 

Date: 

By: 

Re: 

12/28/87 ~ 

R.D. Stenner ~oJ 
Discussion regarding the need for drilling the new deeper 
drinking water well at FFTF 

The new drinking water well (well 499-Sl-SC) was drilled to provide a 
deeper source of drinking water at the FFTF in order to provide drinking 
water that met the drinking water standards for tritium. The water from this 
new well is used exclusively except during high water demand periods and 
during preventative maintenance scheduled outages where the water from the 
other two wells is mixed in the system to supply the needs of the FFTF. The 
general percentage of water mix in CY-1986 is as follows: 83.1% from 499-Sl
ac, 16.8% from 499-S0-7, and 0.1% from 499-S0-8. 
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Persons invited to attend: 

Meier Associates 

James Canon 
Terry Meier 
Randell Brown 

W. H. C. 

Ken Blair 
John Forsberg 

( 48° and cl ear) 

Onwi ao Ori 11 i ng 

Jerry Bultina 
Cale Bingham 

2/28/85 

J. ·A. J. 

Bill Swift 

Oril ling of the well was completed on FebrJary 27, 1985 

to a depth of 400 feet. The casing has been installed to a 

depth of 360 feet, leaving 40 feet Qf open hole. 

A meetir.g was held with the contractor, J. A. J., W. H. C., 

D. a. E. and Meier Associates. · In attendance were: 

Onwiao Drill inq 

Dale Bingham . 
JerrJ Bul tina 

O. 0. E. 

John Neath 

J. A. J. 

Bill Swift 

Meier Associates 

James canon 
Randell Brown 

W. H. C. 

John Forsberg 

The discussion was on well screening and development. The 

driller suggested driving casing to trye 400 foot depth, and per

forating until the desired rate is available, which would also 

bring an anticipated savings, as perforating would be les~ ex

pensive than screening. 

Ref 9. 1 
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Meier Associates suggested screening the 1ower ~ortion 

of the hole for maximum yield at that depth, as the hole is 

now open. It was agreed that the driller would insta11 

10 feet of solid casing in the bottom of the hole, 30 feet 

of screen from depth 390 feet to 360 feet, then test pump 

the well to find what the G. P. M. would be. · If the G. P. M. 

is not sufficient (200 G. P. M. minimum) perforations will 

be made at depths determined by the driller and the engineer. 

If additional savings are obtained, this money will be 

spent in the testing and developing of the well. 

The driller will discuss the soil analysis and screen 

design with Mr. Brown, and allowed to order screen as ver

bally approved by Mr. Brown. No work will be a11owed to 

proceed without the submittal from the contractor on the 

ana1ysis, scr~n design, alternatives for developing the 

well (such as perforating) and testing. 

Ref 9.2 
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REFERENCE 11 

Memo to file fro~ SW Mercer on 8-14-87, Drinking Water Wells in 

Franklin County Within 3 Miles of the 200 Area and Within 3 

Miles of the 300 Area Defined Boundary I 
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()Banene Prcjec:tNumber -----

Date 

To 

Pacific Northwest LaboratoriP.S 

August 25, 1987 

File 

Ff le/LB 

From B. w. Mercer_~J~t!r, .Bw/1\ 
Subject Drinking Water Wells fn Franklin County within 3 

Mfles of the 200 Area Defined Boundary and within 3 
miles of the 300 Area Defined Boundaa 

Mr. Clffford L. Bates of the Benton Franklin District Health Department was 
contacted on the above date for infonnation 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 wells 
that he fs 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 within 
3 miles of the 300 Area defined boundary are tabulated on the following pages 
which also give estimates of the number of people served. 

BWM:DAL:dar 

- ... 
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To File 
August 25, 1987 
Page 2 

Wells w1thin 3 Miles of 200 Area Plume in the Columbia River 

Boundary: 1) 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 is 17 including private dwellings and 
community wells(3). Private single dwe111ngwe11s • 14. 

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

· 1. Eppich Water System 

2. Cypress Gardens School 

3. Rio Vista Orchards 

TOTAL 

Pennanent People 

12 

12 

8 

32 

Migrant FannWorkerResidents 

8 

0 

0 

8 • 40 people 

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

TOTAL • 95.2 peop1e 



To File 
August 25, 1987 
Page 3 

Wells within 3 Miles of 300 Area Plume 

Boundary: • 1) 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 communi~y wells (from State of Washington Public Water Supply System 
Listing) 

1. Cypress Gardens School 

2. Rio Vista Orchards 

No. People Served 

12 

8 

TOTAL 

assume 3.8 people at each single dwelling well: 

20 people 

15 wells x 3.8 people/well • 57 people 

Total people single+ community wells• 77 People 

I 
I 
I 
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REFERENCE 12 

Hanford Reservation Area Worker Census, BNWL-2298, Ju1y 1977 
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·.; rASLE 1. ~Concentration of Hanford Resenltion Worker.s 
·; :by Si te - i i j f 
·11 l ·]' NumbJ of i Percend 

Sit~ ',,lorl<~rs ! of Total 

f i : t I I 
-I 100 • 7~0 l 5 

ti. 200 E&W l 2.3~5 16 

',,IPPSS fl .2.&4 2.®S I 20 I 
t FFTF f 2,fO l 16 

·1 Joo -j 3, mo 
1 

21 j 
.t, Battelle.iet al. 3,f5 22 .

1 j TOTAL i 14,,95 Too 

i 
i 

J 
.J 

' I 
' f 
j 

·1 ' i t 1 
1 '.~hil~ the •14orke~ counts beJng report~d by Reser~ation employers are usua11y 
! ! : t t ~ ! : 

!sho.,m con~entrated a;-ound a des:ignated si~e. in reality a substlntial por~ion 
\ • l 1 , f I f 

1
t of these •,4or!<ers arei 1 i kel y to be di stri b4ted over t~e surround.i ng ~rea. ;For 

• ) • ' I I • 

,convenien~e. however, they are•credited d such particular sites as 200 Eist, 
• - 1 : i l t , • 

120 1 •1 0 1 .,; · f - - I I t o ..Jest, 1-~P . ss , ~• & 4, etc.1 i . . . ! 
t ! . i . I l I 
J. • • • ' • , 

t Iden-:ification of shift wc:rkers · pose~ some reporting diffi~ulties si1ce 
i I ! i , I · I , 
\ some firms run four shifts while most of the others conduct their operations 

:- i l ! ! , : l i 
1 in three.: ihe 100 Area '"as a ipec i a 1 prob 1 em s i nee these workers operate ; over 
i i i · : I I i ! 

1 a wide ar~a. Regard:ess, all •~orkers hav7 oeen acco~nted for f.n this cen!us 

! a 1 though ~ome of th~ shift courits may be. ~pprox imata;. :-1 i 
! l t ; • 

1

,-: i f • • , . 
1 t f - i i I l 
{ .i OIST~!SUTraN OF '1'0RKERS SY RAOI! ANO COMPASS O!RECTIO~t f 
.1 .. . l c t : t i ·i : ~ ; i l . , 1' .:t Figura 2 maps the distribcition of Hanford Rese7at1on wori:ers by work shift 

1 over int~1als of ode-mile rad1i and . 16 compass directions centered at th~ Purex 

f 
' ~ . , f l I ~ 

Plant. 1r~ese same ~r!<er diStfibutions are repeate1 in Figur\3 'Hithout fhe 

! maped Reier'lation Area as a bac!<gr~und. '.As a tabula:ting convenience, sector 
~ ; :.• ~ ! ~ ; ! f parcel c~unts have ~een rounde~ to units2f . S and 1q. but•'°'ere;adjusted r the 

t total co1.:nt for th(separate companies. i(3ecause of confidentialit:;, ·14ar~er-
't .. • , .. t : , 

j c~unts f~:r the sepa-:-ate c::impani es are not: being pre~ented her~) Far be:ter 

i readabil~ty, sector:Counts 'Hid,in the fi;st t'.'40 mil~ radii fro~ ~he P•Jre~?l-ar.t 
i · l ; f j '; ! 1 .J center ~5e presence~ separatel}' at the ~~t:cm of tha fi;ure. 1Tao l e 2 presents 

·1 ·111ar~ dis:*ributton t' detail ii.eluding a Jumulative fount of '"'Jr.kers and Jer-:ent ·t of • , ._;. . 1 . j _ 1 ! j . . i. ·1 .eta las d1stanc:r and dire~ltion r_rom re Pur"!:< l'jant centei,~ ,ncreases1 
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REFERENCE 13 

Waste Management Ooerat1ons, Hanford Reservations, 

EROA-1538, December 1975 
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FIGURE II.J-4 ESTIMATED GEOGRAPHIC DISTRIBUTION OF THE 
1970 POPULATION (162.000) WITHIN A SO-MILE 
RAO IUS OF THE 300 AREA 

E 

The nature and extent of present land use is discussed here on the basis of arcs described from 
the HMS . Land areas included in a SO-mile radius from the other two site areas are also covered. 3 

Figure II.3-5 is an aerial photograph in which the general pattern of agricultural usage is 
visible as the darker, regular-shaped areas. 

Figure II.3-6 shows the Hanford site map with sector markings overlaid. Starting from a line . 
directly north from the HMS, the o- to 10-mile zone is entirely within the Hanford site boundaries. 
The area south of the Columbia River is under ERDA control and is a limited access area. Land 
north of the river is controlled by the Bureau of Sport Fisheries and Wildlife as a game refu~e. 
All of this zone between the 0- and 150-degree radials is limited access area under control or 
EROA. Most of the zone between the 150- and 270-degree radials consists of the Arid Lands 
Ecol·ogy (ALE) Reserve. which is also limited access ERDA land under the control of Battelie. 
Pacific Northwest Laboratories. Between the 270-degreit radial and the starting radial, land 
south of the Columbia River is ERDA-controlled limited access while north of the river~the game 
refuge is again encountered. 

Again starting frcm the 0-deg~ radial, the 10- to 20-mile -zone is a continuation of the game 
refuge with some areas open for fishing. shotgun and bow hunting during daylight hours. Furt~er 
north. this zone includes the eastern-most portion of the Wahluke Slope and the Saddle Mountains. 
Between the Wahluke Branch Canal and the Columbia River, the zone consists of lands in the 
Columbia Basin Project which are il"T'igated or are being developed for il"T'igation. The area west 
of the river is limited access Hanford site. Leaving the site boundary, the land is mainly 
unirrigated land used for grazing cattle and sheep. South and west of the Columbia River, in 
the vicinity of Priest Rapids Dam. is the U.S. Anny Yakima Firing Range which is undeveloped. 
unpopulated land. Northwest of Priest Rapids Dam and Reservoir is the Wahluke Slope portion of 
the Columbia Basin Project. This area is partially il"T'igated with the rest (outside the Hanford 
Reservation) expected to be il"T'igated in the next 10 years. 
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• Trilateration measurements are performed between 17 benchmarks to measure crustal 
motion. The initial base data were developed 3 years ago, with additional measure
ments at 6 months, 12 months, and 36 months from that time. 

• Tiltmeters are installed at three locations on the Hanford Reservation. 
of equipment provide continuous geographic coverage of crustal motion. 
telemetered to Menlo Park for interpretation. 

These pieces 
The output is 

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· not yet recog!'lized. The suggested low rate of tectonic 
deformation for more than 10 million years 19 does not indicate any cause for concern. Much 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 assumption that an MM-VII quake {magnitude 5.5) were to occur at the northwest end of the 
Rattlesnake-Wallula fault zone, ground acceleration of 13% g could be expected beneath most of 
the Hanford Reservation. 31 A design basis of 25% g on the Hanford Reservation thereby allows 
for an MM-VIII intensity quake {magnitude up to 6.8) for an earthquake epicentered at the same 
site. No such quake has ever been recorded in eastern Oregon or Washington. 

The siting of nuclear facilities over the synclinal troughs assures the maximum distance from 
all hypothesized faults capable of earthquake generation. If, in addition, the Ringold Formation 
and Pasco Gravels are compact and und/i,sturbed, 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. 

II.3.8 Hydrolooy(a) [RPS, X.18, X.25] 

II.3.8.1 Surface Water 

The surface water bodies located within the boundaries of the Hanford Reservation consist. 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 Ory Creeks, appear for a short 
time only after heavy rainfall or snowmelt. The Yakima River borders part of the Reservation's 
southern boundary. 

II.3.8.1.1 Columbia 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 channe1 is braided around the island reaches. and submerged 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 inches in 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 in this reach has widely varying flow rates due to regulation by the power 
producing Priest Rapids Dam just upstream (Figure II.3-11). Flows during the surrrner, 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, 35 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 i60,000 to 
550,000 cfs~ the maximum f~ood 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 feet 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 lI.3-D provides a more detailed description of the hydrology of the Hanford 
Reservat·ion. In 1973 Atlantic Richfield Hanford Company authorized an independent review, 
recently completed, of the hydrology program. 
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Draft Environmental Impact Statement, Disposal of 

Hanford Defense High-Level, Transuranic and Tank Waste, 

DOE/EIS-0113, Volume 1 
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Focal mechanism and fault plane solutions of earthquakes within eastern Washington and 
the central Columbia Plateau fndicate that the principal compressional stresses are nearly 

horizontal and oriented north-south, while the principal tensional stresses are nearly verti
cal (DOE 1984). This suggests thrust or reverse faulting on east-west striking planes. 
These principal stress directions are in good agre9111ent with mapped east-west oriented folds 
and associated thrust or reverse faults (DOE 1984). 

Geologic structures of the Pasco Basin are typical of the Yakima Fold Belt subprovince. 
which is characterized by narrow, linear anticlines and broad synclines (Ffgure 4.5). These 
structures generally extend eastward fr0111 the western margin toward the center of the Colum
bia Plateau, where they generally die out (Myers and Price 1979). Most known faults are 
associated with anticlinal fold axes and probably developed concurrently with folding (Price 

1982). 

Geologic and geodetic data have been interpreted to suggest that the Columbia Plateau, 
including the Pasco Basin, was deforming at a low to average rate of strain in the middle to 
late Miocene and that the rate of deformation has continued into the late Cenozoic 
(DOE 1984). 

Seismic activity and related phenomena such as liquefaction, fault rupture, and subsi
dence are not believed to be plausible events that might direetly release waste, except with 
continued storage of tanked waste near the end of tank life. A related discussion of the 
seismicity fs included in Appendix R. 

4_.4 HYOROl.OGT 

4.4.1 Surface Waten 

The Columbia River. which flows through the northern part of the Site and along the 
east,rn boundary. and the Yakima River, which flows along the southern boundary, are the 
dominant streams in the area. Both streams are important sources of industrial, agricultural 
and domestic water for the region. The average annual Colulllbia River flow in the Hanford 
reach, based on 65 yr of record, is about 3,4-00 m3/sec (USGS 1985). Minimum flows of 
117 • 3/sec have been recorded. For a period of 57 yr of record, the average annual flow of 

the Yakima River is about 104 m31sec and the monthly maximum and llrinimum flows of 490 m3/sac 
and 4.6 m3/sec. respectively. Maximum Columbia River floods of historical record occurr~d in 

1894 and 1948, with flows of 21,000 rw3tsec and 19,600 m3tsec, respectively (DOE 1982a). 
Floods of this size would inundate part of the 100-F Area but would be of little consequence 
to the rest of the Sfte. The Hkelfhood of floods of this magnitude recurring has been 
reduced by the construction of several flood control/water storage darns upstream of the Sit~. 
Norma I r1 ver elevations within the Sf te range fr0111 120 m where the r1 ver enters the Site near 
Vernita to 104 m where ft leaves the Sfte near the JQO Area. 

The probable maxfonm flood (the fl_ood discharge that may be expected from the ,:,,ost 

severe cornofnation of meteorologic and hydrolog1c conditions reasonably possible 1n- the 
reg1 on) would produce a fl ow of 40 , 000 nr3 /sec. Flood e 1 evat ions wou Id be about 129 m at 

4.10 
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Badgers are present in low numbers in the 200 Areas plateau. The coyote 1s the principal 
ma,rmalian predator on the Site. Elk are found on the Rattlesnake Hills to the southwest of 
the 200 Areas. Mule deer are abundant on · the western part of the Site . They occasionally 
usP. the waste ponds and associated riparian vegetation near the 200 Areas for food and water. 
Mule deer tagged along the Columbia River have moved as far as 48 km from the Site (Fitzner 

and Price 1973). 

4.6.Z Agut1c Ecoloqy 

Aquatic habitats on the Site include the ponds and ditchH fn or near the 200 Areas, the 
Colulllbia River, and two very small streams formed by Rattlesnake Springs and Snively Springs 
west of the 200 Areas plateau (Figure 4.7). Ponds found fn or near the 200 Areas are Gable 
Mountain Pond, which is undergoing deco11111ssion1ng, and 8 Pond, which receives coolin~ water 
fr011 the 200-£ Area encapsulation facility (Emry and Mcshane 1980; Meinhardt and Frostenson 
1979). The wastewater disposal sites have similar water-quality characteristics, and support 
simi~ar kinds of algae, ro~ted plants, and invertebrates; all contain introduced populations 
of goldfish. West Pond (created by the rise fn the water table 1n the 200 Areas) is very 
alkaline, has a na,ch lower density and diversity of plants and animals, and has no fish. 
The ponds and ditches are the only sources of water 1n the arid environment of the 200 Areas 
plateau and therefore provide haoitat for many birds and rnarnnals. The ditches are generally. 
less productive than the ponds fn terms of bi0111ass per unit area of bott0111 or unit volume of 
water. Streams formed by Rattlesnake and Snively Springs are quite productive but are remote 
fraa the waste sites. 

_,,,. The Columbia River is the largest surface water and supports the most ifflJ)ortant .aquatic 
ecosystem on the Site (ERDA 1975). Huch of the river has been ifflJ)ounded by hydroelectric 
dams, and the section of river on the Site is the last non-tidal free-flowing reach in the 
United States. For-:y-ffve species of fish have been identified from th~ Hanford reach cf the 
river (Gray and Cauble 1977). Several species of economically ifflJ)ortant salmon and the 
steelhead trout use the river to migrate to and from upstream spawning and rearing areas. 
Fall chinook salmon and steelhead trout spawn on the Site. The Hanford site serves as the 
spawning area for more than one-third of the fall chinook salmon fn the mid-Columbia 
(Watson 1970). 

4.5.3 Threatened and Endangered Specie, 

Endangered and threatened plants and animals on the Sfte, as designated by both the fa~
eral and State of Washington agencies, are listed in Table 4.12. There are no endangered c
threatened plant species on the Sfte, although several species ar-9 listed as candidates for 
endangered or threatened status or for classification as •sensitive.• 

Both the 'federal and state authorities consider the peregrine falcon to be an endanger21 
species and the bald _eagle a threatened species. ·The state also c:1assff1es the white pelica -: 
as endangered and the ferruginous hawk and the pygmy rabbit as threatened. 

The bald eagle is fairly co111110n along the Hanford reach of the Columbia R1ver -duri "; 
fall and winter, when 1t feeds on the carcasses of spawned-out salmon (Fitzner et al. 1921 
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FIGURE 4.11. U.S. Census Populations for 1980 of Ctt1es W1th1n aJ lal of the 
Hanford Meteorology Station (DOE 1982a) 

The estimated population of Benton and Franklin <Aunties from 1981 to 1990 varies from a 

de<:lfne ·of about as to an increase of about as, 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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REFERENCE 15, 16 and 17 

U.S.G.S. Maps Showing 200 Area Surroundings 
" 

Gable Butte, Wash 7.5 Minute Map 
Coyote Rapids; Wash 7.5 Minute Map 
Locke Island, Wash 7.5 Minute Map 
Vernita Bridge, Wash 7.5 Minute Map 
Snively Basin, Wash 7.5 Minute Map 
Iowa Flats, Wash 7.5 Minute Map 
River Island, Wash 7.5 Minute Map 

_ Horn Rapids Dam, Wash 7.5 Minute Map 
Richland, Wash 7.5 Minute Map 
Wooded Island, Wash 7.5 Minute Map 
Columbia Point, Wash 7.5 Minute Map 
Hanford, . Wash 7.5 Minute Map 
Savage Island, Wash 7.5 Minute Map 
Basin City, Wash 7.5 Minute Map 
Mathews Corner, Wash 7.5 Minute Map 
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REFERENCE 18 

Memo to file from DA Lamar, on 8-18-87, regarding Personal 

Observations of Columbia River Intakes at Taylor Flats 

and Ringold Flats 

/ , 

..... 
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()Battelle Pn,jectNumcw -----

~ Pacific Northwest Laboratories 

io 

August 18, 1987 

Ffle 

D. A. Lamar 

Personal Observations of Columbia River Intakes at 
Taylor Flats and Ringold 

File/LB 

In observation of the Columbia River, 3 intakes were found in the Taylor Flats 
region serving as 1rr1gation for crops and forage. In the Ringold Ranch area 
there are 2 intakes that serve the region as irrigation for crops and forage. 
At the Ringold Hatchery there was observed one intake that serves for the 
rearing of steelhead fingerlings. 

OAL:dar 
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REFERENCE 19 

Endangered and Threatened Wildlife and Plants, 50 CFR, 

Part 17, Subpart B, October 86 

I 
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§ 17.11 

Issued under Part 21 of thia chapter: 
and 

<2> Identified In the earliest applica
ble annual report required to be !lled 
by a permittee under Part 21 of thia 
chapter u In a permittee's pouesaion 
on November 10, 1978. or aa the proge
ny of such a raptor. 

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

cu n 31wr. J'ul7 a. 111131 

Sub~I-U•b 

Sonc:z 41 PR 34182. J'ul7 21. 1983, un1aa 
ot.henriae uoted. • 

117.ll Endan,ered and threa&enecl wild
life. 

<a> The llst In this section contains 
the names of all species of wildlife 
which have been determined by the 
Services to be EDdan1rered or Threat
ened. It also contains the names of 
species of wildlife treated as EDdan
&'ered or Tlireatened because they are 
sufficiently similar in appearance to 
EDdaneered or Threatened species 
<see 117.50 d xq,}. 

Cb> The columm entitled "Common 
Name." "Scientific Name," and "Verte
brate Population When Endangered 
or Threatened" define the species of 
wildlife within the m~ of the Act. 
Thus. dif!erently cL&s.,1!1ed reorraphic 
populations of the same vertebrate 
subspecies or species shall be identi• 
!Jed by their difierinir ireographic 
boundaries, even thouirh the other two 
columns are Identical. The term 
"Entire" means that all populations 
throuirbout the present range of a ver
tebrate species are listed. Although 
common names are included. they 
cannot be relied upon for ident1f1ca• 
tlon of any specimen, since they may 
vary ~ in local usage. The Se"• 
ices shall use the most recently accept
ed sdentl!lc name. In cues In which 
confusion might ~e. a synonym<s> 
will be provided in parentheses. The 
Services shall rely to the extent practi• 
cable on the International Code of Zo
ological Ncrmencla.ture. 

<c> In the "Status" column the fol
lowing symbols are used: "E" for ED• 
dangered. "T' _for Threatened. and ·•E 

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

[or Tl CS/ A>" !or sunllarity of appear• 
ance species. 

Cd> The other data In the 11st are 
nonregulatory In nature and are pro
vided for the Information of the 
reader. In the annual revision and 
compilation of thia title, the followtnr 
Information may be amended without 
public notice: the spellinr of species' 
names. historical range, footnotes. ref
erences to certain other applicable 
portions of thia title, synonyms, and 
more current names. IIi any of these 
revised entries. neither the species, aa 
defined In paragraph Cb> o! this sec
tion. nor lts status may be chan&ed 
without followtnr the procedures of 
Part 424 of this title. 

Ce> The "historic ranire" Indicates 
the known general distribution of the 
species or subspecies aa reported In the 
current sdentl!ic literature. The 
present distribution may be greatly re
duced from this b.lstoric range. Thia 
column does not imply any 11mit&tion 
on the application of the prohibitions 
In the Act or implementing rules. Such 
prohibitions apply to all Individuals of 
the species, wherever found. 

(f)(l) A footnote to the F'EDDAL Rm
ISTD publication<s> lLst1ng or reclaui· 
fYinc a species 1s Indicated under the 
column "When listed." Footnote num• 
bers to H 17.11 and 17.12 are In the 
same numerical sequence. since plant.a 
and aoirnals may be listed In the same 
FEDD.AL R.J:cISn:a document. That 
document. at least &Ince 1973, includes 
a statement lndlcatlnir the basia tor 
the list1nir, as well aa the effective 
date<s> of said Ust1nir. 

<2> The "Special rules" and "Critlcal 
habitat" cobmms provide a cross refer
ence to other sections In Parts 17, 222, 
226, or 227. The "Special rules" 
column will also be used to dte the 
special rules that describe experimen• 

· tal populations a.nd determine 1! they 
are essential or nonessential. Separate 
listinir will be made for experimental 
populations. and the status column 
will include the following symbols: 
"XE" !or an essential experimental 
population and "XN" for a nonessen
tial experimental population. The 
term "NA" <not appllca.ble> appearing 
in either of these two columns lndJ· 
cates that there are no SJ>eCial rules 
and/or critical habit&t for that par-
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U.S. Fish and Wildlife Sen,., Interior 

ticular species. However, all other ap. 
propriate rules In Part3 17, 217 
through 227, and 402 still apply to 
that species. In addition. there may be 
other rules in this title that relate to 
such wildlife. e.g.. port-of-entry re
quirements. It Is not intended that the 
references in the .. Special rules" 
column list all the regulations of the 
two Services which might apply to the 
species or to the regulatiom o! other 
Federal agencies or State or local gov
~mmenta. 

(g) The Ustinc of a particular taxon 
Includes all lower tazonomic units. For 
example, the genus Hylobatu <iib
bom) Is listed as Endangered through-

73 

§ 17.h· 

out its entire range <China, India, an,t 
SE Asial; consequently, all specie~ 
subspecies. and populations ct thih 
genus are considered listed a., Endan 
gered !or the purposes of the Act. It, 
1978 (43 FR 6230-6233> the species Ha 
liaeetiu leucoce:,ha.liu <bald eagle) wa.-. 
listed a., Threatened In "USA <WA. 
OR, MN. WI. MI>" rather than It,. 
entire population: thus. all individuah, 
of the bald eagle found in those five 
States are considered listed as Threat
ened for the purposes ot the Act. 

<h> The "List ot Endangered ano 
Threatened Wildlife" Is provided 
below: 
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Vertebral• 
population where 

endangered 0, 
....... ....s 

O... muak ...................................................... Uoldlua epp. Cal~•) ............................ Central and EHi Mia ................................... Alghanlelan. 
Bhutan. 8-
CNna ~~ 
YUMall). lndla, 
Nepal. Poklolan, 
81111<lm. 

o... Nor1h China .. , ................ ................... c.n....,,.,..,,, """"1omul ............................ CNna CShanlung and Chill Prowlca} ....... Enllra ........................ .. 
o. •. plff1)H ....................... ........................... Clrolooo,w bu~ ........................ .. .. ..... 8,ad. Alv-,>llne. Uruguar. BolMe. p.,,. .. •••. clo ....................... .. 

guay. 
o... Paulan lallo,w ....................................... Dlnle CMIIII -~· Iraq. Iran ................................ -----• ...... clo.----··· 
o... Phlllppine ............................... .......... _. A.a ( • c.nu.1 po,cinu9 ~-..It..... Phllpplneo CCaJamlan lalando} _ __ _, •••••. clo ........................ . =: = ::.::::::::::::::::::::::::::::::::::::::::::: g::::: = ~ ·:::::::::::::::::::::::::::: = t'= =;:::::::::::::::::::::::::::::: :::::::::::::::::::::::::::::::::. 0.•. Soulh China olU ........ ......................... C.W- n;,,o., Ac,ndrl................................. .. Soulhern China .............................................. . ..... clo ........................ .. 
o.a,. 1Wamp (•b11aolngha} ......................... C...... ~ ............................................. .. ln<la. Nepal .................................................... ...... clo .. ·-··· .............. .. 
o.a,. Ya,kand ......... .. ... .. ... .... ......................... C...... •""""4 ~ ...................... China (Sinkiang} ............................................. . ..... clo .... ................... . 
Ohoi. C. Aalollc wtld clog} .. ----· Q.oi ..,.,.,................................................... U.S.S.R., Koroa, CNna. India. Soulhaaol ...•.. clo ........... , ............ .. 

Aolo. 
Olbbl• ... .. .................................... .......... -..... . An,-...~ ........................................ Aualtola .. .... .... ..... ... ........ .............................. . .. r clo ...................... ... . 
Dog. Alflcon wtld............................................. L,-,-, pictu, .................................................. Sub·S.llaron Alrlce......................................... . ..... clo ......................... . 
0.11 ............................ ........................................ Paplo i.ucc,,,t,.- ......................................... Equelorlol Wool Alnca .......... ........... ..................... clo ............... ......... . 
Ougof',g ............................................................ ~ "-IIM ................................................. Eaol Alnca to IIOUlhem Japan. Including ...... do ......................... . 

U.S.A. (TRIii Tarrllorloo}. 
llulk•. J•nllnk·• ... .. .. ....... ...... .......................... ~Jenwll,J .. ............................... _ .. Slarre Leone. ll>ena. i.o.,, Coool ..................... do ......................... . 
El•nd. W••l•n glanl ..................................... rourolrogus dorl>ionlA ~ ................. Senegal to i.o.,, Co111 ........ ........ .................. .. .... do ........................ .. 
Elephaol. Alrlcan ............................................. LIIKod?tll<I on:1111 ......................... ........ ...... .. Atnca ....................................... : .............................. do .. ....................... . 
Elephant. Aelan ......... ................. ................... fll,plw,• ,,........ ............................................ Soulh-c.nlral and Soulheoal Aalo ............... .. .... do ........................ . 
F1111•~ black•IOOled .. .................................... ..,,,,,,. "V,,,.. .............................................. Waolem U.8 A., Waolern Canade ............... • .•. do ........................ .. 
Fo•• Nor1h•<n owill .......... ........... ................... V.,.,_• .,,.,,. Mt»• ........ ............................... U.S.A. (oor1hem plalno). Canada .................. Caneda ..... ................ . 
Fo•• Son Joaqulrl kit...................................... v..,., tNaollo mub .............................. .. .. U.S.A. IC>.) ..................................................... Entire ......................... . 
Fo•. Sinwn....................................... ............. CM1il (S,,,.,.) ..,,.,,.. .............. ................ Elhlopl1 ............................................... .................. do ......................... . 
Guell•. Ct,ik•a ( • tMbalag) .. ........................ Ammodm::oo c'-rhl................................ ....... Somalia. Elhlopla .................... ....................... .. .... do ................... : .... .. 
Guella. C.,.._,., ............................................ Gue/lo QhNfl................................................. Morocco. Algeria. Tunlola ........................... ... .. .... do .................... .... .. 
Gu•llo. MhorT ........................... ........ .............. Gue/lo a.mo mhotr ............ ............... ............ Morocco .. .. .. ............ ............................................... do ......................... . 
Gu•llo. Moroccan (-Oorce1} ...................... Gue/lo dorco• muue•yl,I ........................... Morocco. Algarlo. Tunlala .................................... do ........................ .. 
GueNe. Rio de Cl<o Dame .................. .. ........ Gudlo dlmo lolMlOI ........................... .. ........ WHlern Saher• ................................................... do .................... .... .. 
Guella. Alablan .............................................. Gaz•llo fl&llli. .. ............................................. Alablon P~. P1lo1dne. Sinai .. .................. do ........................ .. 
Guollo. 11nd ........... ....................... ................ . Gu•lo ...,,11.n1 .. ma,a ......................... Jordan. Arabian Panlnoula ................................... do ......................... . 
G11alle. Saudi Alablon................................... G.,.,_ WTCOI ..,...,,,................................. .. l11aet. Iraq. Jordan, Sr•lo. Aloblan Penh- ...... do ......................... . ...... 
Gu•h. Pallaln•a............................................ Gu.Ila dorcol peln/n/.................................. Somella... ............. .. ... ... .. ................................. .. .... clo ......................... . 
Gueh. alondef·horned C•Rhml ....... ......... D4i•IIII laptocwro• .......... .. ............................. Su.Ion. EIMJI. Alger1o. Ll,ye ............................... do ........................ .. 
Gibbon, ...................... .. .. ... .. .... . .. .. .. ... ... .... Hylol,ote• opp. Clockldlng "'°'""..,.,.I ....... .. China. lndlL ~"' Aala .. ........... ............ • ..... clo ......................... . 

&le· .. 
E 

E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 

E 
E 
E 

Goat. wtld c-a .. , ... markhor} .. ... ............... j c.p,-. Hf/..,. ,_,.lr:or»,f ~) I 8oulhw , • 

1 

.. .. •m nala .. ....... .. .............................. a::.~ of I ," I 
Oo11J............................................................... ~Htll flO(al...................................... E,al Ae Pllllolon. 
Gt>f fH1 " "'"""· _,...,,... · · la ..... : ...... , .. ,.., ........ .................................. Entire .. 

11 

60 
11 

a 
11 
60 
60 
60 
a 

60 
:I 

4 
138 
II 
4 

!50 
60 
40 
1• 

1. :I 
a 

' 60 
:I 
:I 
3 
:I 
:I 

60 
60 
60 

60 
:I 

:1. 16 

"I .. 

NA NA 

NA NA 
NA NA 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

NA NA 
NA NA 
NA NA 
NA NA 

NA NA 
NA NA 
NA 17.40(•1 
NA NA 
NA NA 
NA NA 
NA NA 
NA HA 
NA HA 
NA HA 
NA NA 
HA NA 
NA NA 
NA NA 
HA HA 
NA NA 

NA NA 
NA NA 
NA HA 

-... 
~ ... ... 

i!: 
Q .. 
p 
...... ... 
~ ... 
i 
f = 0 
:a ..., 

... 



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

91¾ 13218 .0490 

Goel, o,llcl (•Chllan .-.-, ...................... Cl/pf•~ 1-""""""'1 ~ ) .. 8oultMNlem Aala .......... .......... ..... .. ..... .. ........ Cnlllan Range ol 
WHI-C:11111111 
Pa1<111an. 

Go,11 ................................................................ l#l!IOFN~ gora/........................... .......... IEael Aala .............................. ............................ fnll/1 ......................... . 
Gotllla ........ ______ ................ Gorilla gortlla ........................... ............... ......... C.nllal •'Id WHIWn Alltca ................................ do .. ..................... .. 
~ .. 1111 - ---............... ~~ ___,., ............................. U.S.A. (fa,allon lelanda GI CAI l0UIII IO ...... do .. ........... .. ......... . 

M•ldco (lalea Rhllleglgl<lu). 
Hate. hllpld ............. ...... ... ............................ .... c.p,oia~ hbpia.,a ....................................... India. Nepal. Bllulan ............................................. do ......................... . =~ ;;~~:~.::::::::::::::::::::::::::::::::::: ~:= ::.-::: :.~::::::::::::::::::: :==:: :::'E;;i::::::::::::::::::::::::::::::::::: ::::::: :::::::::::::::::::::::::: 
~~..;,;~;::::::::~~::::::::::::::::::::::::::: :;.:~~;u::::::::::::::::::::::::::::::::::::::::::· ~a!".~.~ .::::::::::::::::::::::::: ::::::: :::::::::::::::::::::::::: 
............ Not1h Andean ............................... ~,.,. anlioMM ............................... Ecuador. Pwu. Clille. BolMa. Atgenllna ...... . ..... do ........................ . 
Hoemul. So<.111 Andean .......... -................. ~ ~ .......................... ....... Chile, Atganllna ........................ ............................. do ........................ . 
Huh. Ceblwa'a _ _ ___ ............. ~ ~lc4Jx•al.............................. c.b& •·······- ··········· .. ··.................................. . ..... do ......................... . 
H<dla. O.,a,f: ________ ....j ~-······ :· .............. ...... . .... ...... .. .......... do .................................................................... do .. ....................... . = ~~~:::.-:::• .. T ••.. ..' =:: =~~~·:::::::•....................... ~::::: .................... :::::::=:::::::::::::::::::::::::::::::· ::::::::::::::::::::::::::::::::: 
Hwana. Bwl>ett .. - ·-·-·· ......... -........ ~- 'Ir•- llAttla/a ... _ .. _.. .................. MOIOC.:O, Algeria, Tunlela ............................. . .•.. do ......................... . 
Hwana. b,own _______ ... .. Hy•- - .............................................. Soulham Alllca ...................................... ...... .. .... do ......................... . Ibex,,.,. _ ______ --! c.p,. pyrwiaJca pyrwiaJca ___ .... &pain.---····· ........................................... do ......................... . 
Iba, Walle ......... ____ ................. c.t,,11 .-... ................................................... .. IElhlopla ......................... ........... ....................... • ..... do ...... .................. . 
Impale. l>ladJ·laced ................. A~ nwi.,,...... ,-r.nJ ........................ Namibia, Angola .......... .......................................... do ........................ .. 

~ lnd,1 ........ - ... ....... - .... _ ........ _............... ....... /ndrl /ndrl ,- enlif• genue) ............................ MaleQUf Republic (-M•dag1ac11).. .. ......... .. .... do ......................... . 
~ Jai>W .. - - ----•· ..................... Panltwa onc.1 ................................................ U.8.A. (TX. NM. AZ), C. and S. Atnwtca ..... M•llloo eoulll,oa,11 ... . 
~ .. ....................... F/j/Ja r•gou,,,ourd t:IICOtnitl ......................... U.S.A. (TX). M•Jdco ........................... - ....•.•... IEnlif• ......................... . 
Jagua,undl .............................. ---·· ... F•u r,,gouMoundl .tMula ............... ... ......... . MuJco. Nca,•gua ................................................ 00 ............ , ............ . 
Jagu,,rundl .......... _ .......... ........ ................... ... F•* r•c,oua,ound ~ .................... N1c11egua. eo.ia Rica. Paname ......................... do ........................ .. 
Ja~ ............... .............. F•u yagouMoundl ~ ................. ........... U.S.A. (AZ), Maidco ............. ........... ................ ...... do ........................ .. 
Kar,ga,oo, MIiam Ql•\f .................................. .U.0-qp,,, ~- (d Mapecial Au1lrella ........ - .................. ___ .............. do ............. ............ . 

••c•pl -~I. 
l<enQatOO. IM----··········· ................ A~ (u,,p.N>ia) A,M ................................ do .•.. - ......................................................... ...... do ......................... . 
KanQatoo. Tumenlen lorlllw ..... ................. ~ ~ lal/1WloWIM ................ Aualrella (Tumenia) ....... ...... .............................. do ......................... . 
)(enQatOO, wlllem Qll\f .... .......................... ... U.Cff¥'14 ~ ........ -----·· Auallella .................... ............................. .............. do ......................... . 
)(oup,ey ... _______ .. ,. ........ ao. uwwll .................... ................................ Vlell\alll, uoa. Cambodia. Thailand .................. do ......................... . 
l.AnQ .. , Cllj)pl<I .. ___ ___ ........... l'l•sbyliap,liala ........................................... . lnclla. lluuna, llenglad<lllll .................... .. ..... ......... do ......................... . 
~. enlallue ..... ....... _.. ____ .. ~ anWl!A ...... _____ ...... China (Tlbal). lncia. Peklalan, l<aalvnlt, ...... do ....................... .. 

&II llllka. SltJIJm, llengl1doieh. 
UflllUI, Ooua ........................................ _ ....... i')f/lllhiw --............................... -..... Cembodl•, Laoa, Vlelnem .................................. do ....................... . 
i..neu,. Francola' ...... _ ................................. /hsbylia lranc;,o,al ........... ~ .................. --.... China (l<w&nQII), ~ ................................. do ...... .. ........ ......... . 
llnQUI, ~ ................................ ................ l'lalbylia gHI ........ ... ....................................... India IA&&aml, Bllutan ......................................... do ........................ . 
i..neu,. lonQ-lail..s ....... .... - .. .. ...................... l'INbyfia polMlzlani........................................ lndaoaale........................ .......... ................. ....... . ..... do ........................ .. 
~ . Peg! laland ............. _ _ _ ....... Nllu.lla ISknlll1) "°""""" ................................... do ..................... ............................ .. ............. ...... do ........................ . 
i..neu,. pu,ple-1..:ed..................................... l'tNl>yl,I - ............................................... Si1 ~ (-Ceylon!...................................... . ..... do ....................... .. 
i..neu,, Tonl<ln enutHloMcl ........................... />yplllhriM lllh/ncpith«:ual •~ ........... vi.tnam ............................................................ ... ... do ............ ............. . 
l..i-. tad ..... _____ , ............... .. KoblA - .. ···----....................... &oulhe<n Alrica ..................................................... do ........................ .. 

E 16 

IE 11 
E :I 
T 212 

f 16 
E :,. 60 
E 60 
E 3 
E 11 
IE 15 
E 16 
IE 233 

233 
233 
233 

:I 
:I 
:I 

' ' :I 
I 

·,s 
11 
15 

E 11 
T 1 

T 1 
IE • T 1 
IE :I 
E u 
IE II 

IE 3 
IE u 
IE 15 
T 11 
IE 3 
T II 
T II 

' 3. 16. 
IOI 

HA HA 

~ 
NA NA :!I 
NA NA 

.. 
::r 

NA 227.11 a 
:I 

NA NA A. 
NA NA 

~ NA NA 
NA NA e; 
NA NA 
NA NA :.: • NA NA 

"' NA NA s IIA NA 
NA NA .: 
NA NA !i' NA NA ... 
NA NA • NA NA ::!. 
NA HA 0 

'I 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA 11.40(1) 

NA 17.40(•1 
NA NA 
NA 17.40(1) 
NA NA 
NA NA 
NA NA 

NA NA 
NA NA 
NA NA 
NA 11.•0(c) 
NA tlA 
NA 11.•0(c) 
NA 11.•0(c) -NA NA -~ .. .. 



Sp.cle1 

Lenue ... :.......................................................... Lenulda• llnd. Cllelrogaleldae, L~• 
nuldle); el member• (A e-ne11 
L- ,,,.._., Hap,,i.m.,, L~ 
~ ~ a..lrog"-', 
v .... ..,i,. 

Leope,d ........ .......... ... ... ........................... ....... .. PMJ//1¥1 p-,r114 ............................................. . 

Vllflebrele 

Hltlollc range pclplAeUon whe,e 
endangered or 

llvllllned 

Malag1oy Rep<Jblc ( • Medlgaaca,) ............ ...... do .......................... 

Alnca, MIi....................................................... Whe<eve, lound, 

••clf)I-• I 
II hied u 
TtwHleoed U 
NI IMh beio.. 

Do .................................................................... do ............................................... ·-····· ............. do .................................... ............................ In Alrlce. In Ille 
"'41d, IOUlh ol, 
end lncludlng. 
... 1°"""4ng 
counlllea: 
Qebon, ConQo, 
lake, Ugande, 
Kenye. 

Leopard, clouded .. .. ... .................................... . N«J'9h no&tbu ........................................... Soulheul 1111d IOUIIH:enllel Alla. Talwen .. Enllre ................ ....... . 
Leop11d. enow ................................................. Pl/llh¥8 ~ .............................................. .. Cenllll Alie .......... ................. ................ ............ ... .do ... ...................... . 
Llnalng. 1p0nad.............................................. l'l1onodon pMCllt:ck,r ...................................... Nepal. Auam. Vlllnam, Cambodia. L.aoe, ...... do .......... .............. .. 

8urma. 
Lion, Allallc ..................................................... Pentlwa leo ~ ...................................... Turl<ey IO lncla ................................................ . ..... do ......................... . 
L01l1. klue, lllow .......................... .................. Nyc/Jc«J;Ja ~ .................................... lndochlna.......................................................... . ..... do ...................... ... . 
Lyn•, Spanish .. ... ...... .......... ............................ F•lla l•LynxlpMd/ne ................................... Spain, Ponugll ..................................................... do .............. ........... . 
llacaque, F01mo11n rock ......... ... ........ .. .. ...... U.c.te.t cyc/opd .......•.....•..........•...•.•......•....•... Telwan .............. ........... ............... ...................... ...... do .. ....................... . 
Macaqua, Japane11 ...... .. ........ ... .... ...... .......... 4uCICII A.toe.at. ................................... ............ Japan IShlkolw. l<yua/lu and Honahu 11• ... ... OQ ......................... . 

laod1). 
M1caqoe. lon•l1Had .. ..... .. ........... ...... ...... ........ ., • .,..,. _.,..,, ·····---- lrdla ·····•·•····•·· ·•· .. ·········· ····· ················•········•··· ...... 00 ......................... . 
M1caque. alump•laMed ... ... .... ........ .. ....... ... ..... .,."""" wrtD/dH ........................................... . lndla IAuem) 10 IIOUlhem China .................. . .... ,do ............... .. ....... . 
M1c1qoe, Toqua ................. ........... ......... ........ l,uc,ic,i M'IQI ............. .................................... . 8ft Lenka (•Ceylon) ...................................... . ..... do ........... .•............. 
ManelH, Amuonlan.. .. ......... ......................... frlch«hul lnuopula ............ .. ........ .... ..... .... ... . Soulh Amlfk:a (Amazon Rivet B1lln) ... ...... . ... .. do ......................... . 
M1111IM, w ••• Alrlcan .................................. frlcll«:llw HM(JI~ .............................. .. Wall C:0.al of Africa lfom S.Oegll Rive, ...... do ....... .................. . 

lo Cuenu Rive,. 
M-1 ... W111 Indian !Florida).... ............. .... rrldt«:hul ,,,.,,.iu. ...................................... U.S.A. (aou1ti.a11e,n). Ca1l>bean &ee, ...... do ..... .................... . 

SoulhAmellca. 
Mondrill ... ...... .... ... .............•..... ...•... .. .. ...... .... ... .. P~ ,phirlx .......... .......................................... Equalo<tal W11I Alrlca .................................... ...... 00 .......• , .•..... ..... ..•. 
M1ni;1bey, Tana Rive, ... ... .... ...... ..... ......... ..... ~ ~ .. ................................ ... Kenya ..................................................................... do. ........................ . 
Mongabey, whill•collated ............................ ,. ~ tlnjullW .......... .......................... S.0.UII le, GhaN; Nigeria 10 Gabon ....... ... ...... do ................ ... ...•.. 
M11gay .............................................................. Feu ....al ....................................................... U.S.A. (TX), C. and s . America ................ ..... Meidco ~d ... . 
M11kll0<, 1<11>111 ..... ... ...... ........... ....................... ~ lalconett IMOI- ......•.•.......••......... Al~11an. Paklolan............ ......................... Enlse ..•..•..•.•.•...........•. 
MllllhOI. 1llalghl·hOlntd .. ........... .... ..... ......... ~ lalconfltf jerdon/ ..••...••.•.•.•••....••.••.•..•.•.. .•.... do ...................................................................... do .. ....................... . 
M11mo111, buH·h11dld ........•.•...•...•..•...•.•..••• c.Hi"/hrlJI ""~························•·················· 8'a2M ................................................................. ...... do .. ....... - ............. . 

M11n1C1HI. bull), lulled••a, .. ....... ......... .......... C.11,lhfiK ;.c;c/tui •um• I do l 
E::::=L~E~0

•:;;~::::::::::::::::::::::::::::: ~:$2E:;;;·· .. ··· ........................ 5. ~~::~~=::~:::::: ::::::::::::::::::::::::::::::::: 
Ma11upllll a11111n l«boa At1lec"""'- ,.~ CV owe, lalend) .... ......... ............. . .•.•. do ......... ................ . 
Marauplai'.mouae lerga ~~··········· ... · .. · .... Smln/hJp-;;;;;::::::...,.,,_ ............................. Auakila ······.................................................... . .... 4o ......................... . 

' f M•---uplal•mou,.~ lono-l1Med .. ·-~ ... ,............... ,c"", ... ,,, ... " ..... , .... :~::...,,,:~- ............ ................. . ..... do .............. ... .. .... ... ..... .. .. ... ... 

&QI -&le· Wilen ~., 8peclal :,. .... bled habllel ,.. ... -
E I , Iii NA NA 

E 3, I. H4 NA NA 

T 3. I , 114 NA 17.40(1) 

E 3. Iii NA NA 
E I NA NA 
E II NA NA 

E :I NA NA 
T II NA 17.40(c) 
E s NA NA 
T II NA 17.40(c) 

~ T II NA 17.40(c) 

E 3 NA NA s T 11 NA 17.40(c) 
T II NA 17.•0(c) p E 3 NA NA 
T 12 NA NA 

E 1. I 17.H(ij NA "" -
E II NA NA ~ -E s NA NA i E II NA NA 
E I NA NA m 
E 11 NA NA D. 
E 15 NA NA :f. E 139 NA NA I ...... 

E 233 :1 NA 
~ E II NA 

E 3 NA 
E 138 NA NA 1 E 4 N-' NI 

------------



u.;~: i< ................. ·----······I ~. ,.Joo,..,, mllQ•- ...... . 
Ma<ILhof. allaighl.f\omed............. ... ............ .... ~I ltaJnon.NI }<ltw,w ............. . 
.,.,_~ bull·hu4ed .................................. c.Jlldril ·~········· .. ·······;· ! I ID I 11 

Ui 
~, ... 

M11mo1<11, bully tulleo-.11 ............................ C.IIIIIVl1t }IIIXIMJa • ..-. .• .•...• •.••.. •••••.••••••.••...• . .... 00 .. ...........................•. ....... .......................... . ..... do ..........•. .. ........•... 
M11moa•~ COiion-iop .............. ............. ........ .. S.(IUlnua o,oapu, ................ ........................... Coola Rica lo Colombla ....... ....... .. .... ... ......... ...... do ...... ........ .. ........ . 
t,la,moaet, Goelcll'a ......................................... c.JllmJco ~ldil ...................... .... ................... 11,ul. Colombia. Ecuado<. P1111, llolMI ........... do ................. ... .. . . 
l,la,mol, Vanco.,ver llland ............... - ........... 4'Mmo,. "--······· .... ·.·················· Ceneda (Vancower leialldl ........................... . ..... do .. .•. ................ .. ... 
Matauplel. Ntlern je,bo& .............................. A~~ ............................. ....... Auallala ...................... , ....... ............ .. .... ..... ........... do ................ .. . ..... . 
M11...,,..i•mouae. llfge dHer1...................... Smki~ pu"""'1pl>IM ........•.................... . ..... do ........................................... .. ................ .. .. .... dO .......•........ •.. .... . 
M11auplal-rnauae. ~~ ......................... Smki~ ~w ........ : .......•............ ..... do ...................................................................... do ........................ . 
Matten. Formoaen ~fvoalld ......... - ... .Mal1<N .,"\/<_, ~ ............. .......... .. f...,an .................. ................... .. ..... .. ... .. ........ ......... do ................. .... .. . . 
Monlltt. b1ac11 ~ ····- ·· ... •·•••·••••••••••···•· CololJ4.w u""'• ··· ········· ···· .. ······ ···· ............... .. Equalonel Gui-. per,p1e•• Republlc DI ...... do ......................... . 

Congo. Cameroon. Gabon. 

I an NA .HA C: 
E II NA NA Y' E 3 NA NA 
E ua NA NA :n 
E • NA NA Ill :r 
E • NA NA 

I E • NA NA 
( ' NA NA A. 
E .. HA NA 

! 
Monktt, blacll howler .. ... .... .... ...... .............. A.tluiln. f>lrlt• ................................................. Meidc.o. Gualllllall. 8•111• .......•...............•.. . ..... do .... ..................... . 
Monllet Olana . ..... ........ ................................ ~IA a.,,,.i ... ............ .. ....... ...... ......... Coellal W .. I Alt\ca ....................................... . ..... do ........................ . 

=:: r=;:;::::::::::::::::····1········ ........ :: =':!:.~~::::::::::::::::::::::::: ~E':.=~~·~;;;;;;-::::: ::::::: :::::::::::::::::::::::: 
Monlltt. f'leuaa' red G010t>ua ........................ CoJot,w ~ p,-.1 ............................... .. Ceme,oon .......... ·-······ ... ·.············ .. ······........ . . ..... do .............. ........... . 
Monlltt. p,0boer:le .................................... ...... N.Mlla wv,tu1 ............................................. &o,neo ..................... ............................................. do ..... .. ...... ... ....... .. . 
Monatt. red-beckld aqunel ... ..................... s.Jmlrl -.IMJII .............................................. eo.,, Rice. Panama..................................... .. .. .... do ................ .. ...... . 
Mriet, led·bellled ......... ---- - --1 ~ MYf/>rOglllW ..................... .... W111atn Nlgetle ............................................. . ..... do ....................... .. 
Mriet. red._ed no.--ljlOtted .................. ~~lb ................ ................ :,i.gerla. Canwltoon, Fernando Po ................. ...... do .......... .............. . 
Moni<•t• aplder ..... .. ... , ___ ___ ..... Ai.loll g«,lftOyl kollW/ua............................... Coale Rica, Nlc11•gua .................................. .. .... do ......................... . 
Monl<tt. aplder ............................................. .. A,-, g«,/f,o)4 ,,.,..,,..,,.. ......................... Coale Rice. P111&111a ...................................... ...... do .. ............. .......... . 
Monkl)'. Ta111 River rid c:clobua. ................. Colobc4 lllk>nlilt•u I _,.._l tulon»- l<.,.,1, ......... - ................................. ........... ............ do ......................... . ....... 

T 11 NA 11.40(c) ~ E 11 NA NA 
E 16 NA NA :;; 
E II NA NA • 
E 138 NA HA r E 16 NA NA ~ E 3 NA NA 
E II NA NA 

.: 
E II ... A NA :i 
E 3 NA NA ... • l ' NA NA ::2. 
E 3, II NA NA 0 .. 

Monkey, woolt aplder ........ - .. - ··· ............. Btl/Cllyl,i.1 ~ ................................ Btul ................................ .. ............................... ...... dO .. ............. .......... . E 3 HA NA 
Monk.y. tellow·1111ed woollt ....................... La1JOIIVl1t ,,.,~ .................... ,................... An<k• ol 11011hern Peru......... .. ... .. .. .. .... ....... .. .. .... do ... ........ ............. .. E 11 NA NA 
Monkoy, 21Nibat red cololJua ................... .. . Colobt4 IIJri/ ................................................... Taraanil ... ......................... ........ ............ ............... do ......................... . E 3 NA HA 
Mouae. Alaberna be.1<.11 ... ....... ....................... "-rontyu;u, po/ionolW ~w, ............. U.S.A. (Al) ...................... .. .......... .. .......... .............. do ......................... . E 113 17.8~(•1 NA 
Mouae. Auallallan naU.e ................................ l>7M1)111-No'°"l>'I ~u ........... Auellala ...... ......... ............... .......... .... ........... ... ...... do ........................ .. E 15 NA NA 
t.louM. Auallalian naM ... _ ____ No1M1)11 Ml'Jik> .............................................. ...... 00 .. .. ................. ............. .................................. . do ....... ............ ...... . E 15 NA NA 
MouM. Oloclewhalehee beldl ............ .... ... ,,.,~ po/lonol,M ~ ................. U.S.A. lfll .................................... ................... . ..... d<> ........... .. ............ . E 113 17.8~(•1 NA 
t.louM, Fleld'• ........ - .......... -·--- -1 "-'domYI ..id ............................................. Auallalil .......................... ............ ... ..... .. ...... ... . ... ... do ........... ......... ..... . E • NA NA 
Ll0<1M. Gould'• ...... ........... ·-····· ................. P»a,domy• (IO&d ............................................... dO ......... .. ................................................ ... .. .... do ............. .. .......... . E • NA NA 
Mouee. Ket l.af(IO cotton .......... ................... . ~ IJOII~ .iup./lcoM ............ U.SA (FL) ........................................................... do ......................... . E 131E. NA NA 

,eo 
M0<1M, New Holan4_____ ~ nov•~• ........................ A"'llalla ................................................................. do ......................... . E ' NA NA 
Mouae, Pe«l1do ><er beach ......................... f'wromyM:u, po/iot>olW /fWyl#lpu ............. U.S .A. IAI., FL) ................................................ . .. ... do ........................ . E Ill 17 85(11 NA 
MouM, NII mar'1I haNHI ............................ ~lhroclonlomYI ravlwn/rla ......................... U.S .A. (CA) ................................................ .. .......... dO ........................ .. 2 NA NA 
""-• $tlllll Bat ...... ........ ....... .................... ~ {Xl..:,;,(W .................................. Auallalil ...................... .. .... .. ................ ........... . ..... do .. .. .. .................. .. ' NA NA 
......_. Shonlld(ja•• ... ............ _ .. .................. . ~ ~ ................................... ...... dO ................. .......................... ........................ do ........... .. ........... . ' NA NA 
......_. &mo1<, ................................................ ~ ,.,,,,_ .................. ...................... ...... do ............................... ...... .......................... ······"°····· .................. .. ' NA NA 
MOUN. -11ern_ ___ __ ~ ~ .. .............................. .... .. do .... ....................... .. ........ ......... ............... ......... do .......................... · • NA NA 
Munljac. f .. · . ............... _ ____ ... ~ ,.. . ........... ..................................... No<1twln Thdand. Bunna ................................... do ......................... . $0 NA NA 
Nallv...ca~ eaalem ......................................... Ouyuua ..................................................... . Auallalla .......................................................... .. .... do ............ ............. . • NA NA 
NumlMII .......................................... .................. ~ i.JCJ,,u ........................................ do .................. .............................................. ... .. . do ... ...................... . •,. NA NA 
Oc,,lol ........................................ .......... .......... F.i. f¥/Wlil .. .. ......... .... .................................. U.S.A. (AZ. TX) lo C. and&. Ame<lca ............... do ........................ .. 6, 111 NA NA 
Orangutan ................................ -.................. l'DniJO PYf>IN- ..................... ...................... ao,,-. Sumatra .......................... ................. .. .... do ......................... . 3 NA NA '°' 0,y,,. lvablan ............................................... ... 0y.w ~ ........... ............................... ... ...... lvablan PetWIIIJla ................................................. dO .............. .......... . 3 NA NA -011 ... c.,, ... oon c:lawleu .............. ........... .... ~ C l'.,IIOfly>r) ~ nik:todon........... Camwoon. Nlgwla .. ........................................ .. .... do ..................... , .. .. 3 NA NA :-. ... ... 



Common name 

6pecle• Vllrtlltlf•le 
popullllon where 
endange,edOf 

lhrealened 

°""· ul•nl ............................. -....................... . PrMooora "~········-·-·--·····-···-·- -· South Ameflca ...•.•...•••• ·-············-················- ...... do ................ - ... - .. . °""· long•lelled ............ ................... ............ . . °""· m•rloe ........................... ·-···-··· .. · .. ·· .. ····· 
L1411 ~ (Incl. l)lal~ ....... ___ .. - - •. do ...................................................................... do ......................... . 
L14'11 Ath ....... _ ....... ..... - ....... ___ __, Pen, IIOUlh IO Slrella of Megellan................. .. ... do, ......... - ............. . 

°""• eout/lltn """ ...................................... . Luh p,ovocu ....................... ____ .., c.Me. Algenllne ..................................................... do ......................... . 
on ... eoulhlrn .-. ........................................ . Enhyck• 4Jlria ,we/s ... _____ __, W11l c:oall U.S.A. ,:,NA, OR. CA) IIOUlh ...... do ......................... . 

lo Me•lco (Boj• C.llfoma). 
Peopt•·• Republic of CNN .............................. _.do ........................ . 
Ahlca ..... _ ....... - ................ _............................. . ..... do .... _ ........ .. ......... . 
U.S.A. (LA and AR .... lo SC •nd FL)....... . ..... do ......................... . 

P•nde. glen! ..................... ................................ ~ ~ .... _. ___ _ 
P•ngolln (•IC•~ anleel.,J ............ _ ............. l.u/W i.mmincld .... ·-····-··-· .. ----
pant1111. Flo<lda............................................... F•u c:oncolor ~ ...................... ............. _ .. 

Aulllalle ........................... - ...... -.. .. ... ... ............ .. ... . do ......................... . Planlgale. 111111 ...... ....................................... -.. Pi.nip.- ngranw ~ (~ P. 
• ,ubt.wuin,). 

Pl•nlg•I•. eoulhefn .......... ...... ......................... /'lan/geM ,.,...,.-,. ......... ........... ·-·---.. - ... ...... do ........ _ ... ______ ...... do. ........................ . 
Po,cuplne. lhln-1plned ............... _ ........... - ...... aiu,om,-. ~ -------1 Brul ..................... .... __ .................................... ...... do ......................... . 
Pottum. leldbe1l.,•1 .................... ......... ....... Gymnobelk»ul ~1-1 ......... ............ - ......... do .. ....... ..... ..... ....... .............. .............................. do ......................... . 
Pottum. mountain pygmy............ .................. 8',ramya pwws ............. _ ........................ _ .... Aul~alle _ .... .................................. -........ .... ..... . ..... d:I ................ _ ....... . 
Poooum. 1Cal,·lalled ....... .. ...... ... .................... . ~ ..,._..rnlc:MKM/4 ....................................... do ...................... ... ....................................... ...... do ....... - ..... .......... . 
Preltle dog. Meidcan............................ ........... C),nomya n.xlcanul ... ............... ----1 Mtndco ......................... - ....... -.......................... • ..... do ......................... . 
Prelrle dog. Uleh .................................. _ ......... ~,,.,...,.,,,. ....... - ......... _................... U.S.A. (UT) ... ............ ................ - .......... ...... -... . .... . do ......................... . 
Pronghorn. ptnlnoulat .. ........ ......... ............ ..... An~ anNrlcaM ~ .......... - .. Medco (Boja Calllo,nil) ....................................... do ....... _., .............. . 
Pronghom. llonolen ....................................... ~ _,.. _,,,,.,,._ ............... U.S.A. (AZ). Me>dco ......................... ..... ....... .. . ...... do ......................... . 
Plrdu .. ... ............ ... ........ .... ... ................ ... ............ Adi p&.d, ............ - ..... ...... ----··- ... ~n 8oulh "'-Ice ...................................... do ......................... . 
Puma. Coale Rican ......................................... F•lia c:oncolor 00.~ ............. ............. Nlcatagua. Panama, Colle Rica ......................... do ......................... . 
Ouoi<ka ............................................................. S.k>nbr br•chyutw .. - .... ----··-........ Au•II... .. ................ .. ............................... ........ .. .... do ............... .......... . 
Rebblt. Ryukyu .................. .............................. P9nt•lagua lumaul .. .. ........ ... - ... ··-··-· ........... Japan (RV'JI,~ lalandl) .................................. ...... do ................ ......... . 
Rabbll. volc•no ............................................... Ron»IO/af1'4 dluJ ........ ................ _ .. __ .... - .. Mexico ................. ........ ......... -.................... ..... .. .. .. do .... _ ................... . 
R•I. l•IH w•I., .............................................. X....,,.,... ,.,,-. ............... - .......... _............... Au•llalle .................. -....................................... .. .... do ..... - .-.............. . n,,. frHno kang1100 .................................... ~ nllr•tolda• ..... ......................... U.S.A. (CA) . ................... - ..................................... do ........ ................ . 
Rat. Mono e,, kang1100 ........ .... .. ... ........ ..... ~ '-rMnfli mMWtUAf ..................... do ............................................................... ...... do ......................... . 
R•I. •llck•no•I ................................................. L~ ccndlor......................................... .. Au1ll1lla .................................... ......... ... .. ...... • .... do ......................... . 
Ral•klngllOO. bruth·laled ...... ......... ........... .. S.llonpia 1»nlcl/fal4 ...................................... .. .... do ....................................... ............................... do ........... .............. , 
Ral•k1ng1100. Ga1m1td•• .. ........................ .... S.~ r,almatd ................................ _ ....... _ ... do ......... ............................................................. do ............. .. ... ....... . 
Ral•k•ngaroo. h.....,• . .................................. B•nongia la-, .. ....... ............ ..... ................. ...... do ............. - ................................................ ...... do ......................... . 
Ral•hngaroo. pleln ... .. .. ... .............................. C.,~ ~•Ht ............................... ...... do .................................................................... do ....... .................. . 
Ral•k•ngaroo. OuHnaland ............................ S.llon(II• h>pc4 .................................................. do ....................... ........................ ................... _ .. do ...... ................... . 
Rhlnoc.,01. black ............................... - .. ·-···· ~ bicximia ............................ -................ Sul>-S•haran Africa........................................ .. .... ,to .................. ....... . 
Rhlnoc1101. g,111 Indian ............................... ~ ...,.,..,. ........................... _........ India, Nepel ........ ................ .. _ .............. ........... ...... do .............. ........... . 
Rhlnoc.,01. Jeven .......................................... ~ -,daaM.................................. .. lndoneola. lndocNn&, 8um,a, lhaNand, ...... do ......................... . 

aklm. Bangl•deah. Melayole. 
Ahonoc:.,o•. -lllll'n wlllle .. ......................... C«wlO"-tnl ..,._.,, OOIIOnl .................. .... Zaire. Sudan, Uganda, Cenll al Alrlcen ...... do ......................... . 

Republlc. . 
Rl.noc.09. Sum.Iran ............................... ..... ~ 1-~1 ...... o-- Bar>Qlednh lo Vlelnalll to lndonetle .- ... do ...... - ................ . 

a/9. (Bo,neo). 
S1ig1. MongoMen (antoiop.).......................... S.\)a 14lwlr:4l ~ ............................... Mongolia........................................................... . ..... do ........................ .. 
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l~~~EI~f~1I(I §~:::~:.:~:: ~=-?~fJ~J= :~~ii=: 
::~ng l•C.•1#) ........................................ .. 1:::::::···· .. ·· .. h .. ~ ·· ............................ B~~.:~-: ::ii..aet Alla, lndle ..................... do.· ..................... .. 

,ii;•:.t~:~i:::::::::::::::::::::::::::::::::::::::::::::::: ~ ~«:: :T::-n~ ............................... ;:;,~~.8ooi•~• ··· ......... ::::::::::::::::::::"····" ...... ~ ......................... . 
--------

E 233 NA N-' C 
E • NA NA 

"" 
E ,. a. 41 NA NA 
E 11 NA NA i i a NA NA 

E a NA NA I I 11 NA ~ .. 



00 .... 

llalJ, aoulheln .... .,--, .................................... ~IH MIMIM Ml&IM• .......... ... ..... ........ 11,a,..................... ... . 1ko .. 
lalll, whb-noMd ............................................ CNq,o,., ....,..., • .........................•.................. do ................................ .. .... . ....... . ..... do .. ....... .............. .. 
a.a1, ~ monk ............. ........ .... .......... ~~ ~ .............. .......... ....... ......... Cat~ ka. Bull ol M•alc4 ........................... do ..... ................. .. . 
a.al, Hawaiian monk ...................................... ~ ,c/Y~ ................................ U.I .A. IHI) ................................... ... .. ..................... . do . ...... ................. . 
Saal, Uedll«lantan monk ............................ UoNc/w mo,i.t:lu .................................... U..illat1an .. n. Noohw••· Altlcan Coall ...... do ...................... ... . 

and Blaci< SH. 

::,~ .. ~.:.~.~.:::::::::::::::::::::::::::::::::::::::::: ~~;~;;_-::::::::::::::::::::::::::::::. ::at.::.~::~~ .. ~: .. ~::::::::::::::: :::::.: :::::::::::::::::::::::::: 
a.n,11, 811baty ............................................... F•l11 -.-.i '"""i.nh ................................. AJQerni ...•..........................•..... ......................•... ...... do .. .... .. ............... .. . 
ltlapO ........ ....... .................................... ......... o.i. ~ lfl{/l>M .............•..•.•..•.••..••.•••........••. l<olhmll ................ ..•... ............•........................ . ..... do .............•........ .... 
lhou ................. ................................................ c,,,,,.,. .i.,,,,u. w.ilichJ.................................. r ... ,. llhui.n .................................................. . ..... do ...... ............ ....... . 
Slvew, Clomal Swamp eoulholul.m ........... Soru lonfl¥Nlii. /IN>tlfl ................................. U.S.A. fVA, NC) .........•....•...................••......•.... .•.... do ... ...................... . 
&lamang ....................................................... ... 5;~11.n(Jua 1ytmcty/W........................... Mllo)'91a. ln<loneala .................. .... .... .......•...... . ..... G.> .•.••..•••. ..••.•.••..•.•. 
Sltol<Ao ................................................... .......... Pr~ ,w. lol ~•) .......... ....... ... .. Mal&QHW Republic l•UadeQ•1ca1) ............ . ...... do ...........•.......•...... 
lilolh. e,a,Jllan ..,_....., ............................. Br•dyp,4 ,o,q,,111ua .................. ...... ................. e,w ....................................................... ................ do .. ...................... . 
Sol•nodOn. c..tian ....................................... Soltlnodotl U~I ~ ..... ............. Cuba ....... .......... ....... .... .. .... ............ .. .................. ..... do ......................... . 
8olanoclon. Halllan •····•······•··········••····· ··•··•··· 5'wnodotl ,,.,.do,,.,. .... ...... ......................... Dominican Ropul>llc, HalU .................................... do ·········· ... · .••........ 
Squl,111, Catolina not1he<n llflne ..•.•... - .... Gi."'°"'µ aalrilW "''""''""' ······················ U.S.A. INC, TN1 .............. ...................................... . do ......................... . 
Squlttll. Delmalva P .......... loa............... .. 5'iMw /lf>M --····· ····· ·· ·······......... . ...... . U.I .A. (0.lmao,a PoNI\IUla Ill IIOUlhaoll Enlllo, ucopt 

PA). Suaao• Co., OE. 
Do ....••.••..•.•...•...••••..........•..•.••.......••.•.... • .... do . ................................................................... do ............................................................ ... . U.SA. IDE-

S.-H Counlyl. 
U.S.A. r,iA, WV) .............................................. Enlilo ............... ........ .. . 
Tu<Vtla. Algw ...................................................... do ... .... .............. ... . . 
l(Ullmi, ............... .. .... ........ ...... .................... ..... . ..... do .........•.•..•........... 
ZANll>et (and ,..a,by lalandl) ........... ...... ..... . •·••· ·do········· ···· ············ 

Gi."'°"'ya .. ,.,....,. .,..,.,. ..... .................... . 
C.,....,~0.,- .......... .................... . 
~~~ .................................. . 
Nlloll•fl'A l~l 11IO$C/la"4 mo• 

lq,Jnel, Vlrglnlo nonhotn lytnQ .•.•••••••.•••••... 

Sl&Q.8..wrt---·························--··· 
SIAQ. Ka•lvw------
Sunl, hnd>at ........ ___ _ 

wiu.. 
Tahr, Alablan ................................................... /-#milt"IIWJ-y~ .........•..... ......................... Oman ........................................ ............................. do ......... ............... . 
Tamai•• ......................................................... Bubalw m/t lQQI- .. .... .... ......................... .. . Pllllipplnoo........................................................ . ..... do ......................... . 
Tamatin. ll(lldon-n.,,np.a !•golden- LM>II~ 1-L,ion'°"'-"I opp. I.ii B,uil ................................. ........................... ... ..... . do .... ................. .... . 

lloadecl Tlllllrin; •Q(lklon-llon Uatmo- ~•I• 
MIi. 

T amatin, pied ....................................... ....... . Sagulnul bicokx................................... .......... . ..... do .....•.•................•.......... .... ·· ····••·•··· ·· ··· ...... . ...... do ......................... . 
T a,na,ln, Wlllie-lool.a ................................... . ~ ~ .......• : ................................ Colombia .............. .................... ..... ................ .. . ······do···················•"··· 
TIP"', Allan ..•. - ---··•····················· T~.,..,.,. ......................................... ...... Bwma, uoo, Cambodia, Vielnam, Mllow· ...... do ........................ . 

ala, lndoneala, Tllalland. 
Tapir, Btulllan ................................................ Tllj)itw ,.,,_., ... .......................... ................. Colombia and llanoiLl•la IIOUlh lo Pa,a• ...... do ......................... . 

QUAY and Algonllna. 
Tapir, c.nar.i .Anlw1call •••••••.••..••.•.•..•.•••.•...•.. r~ llud/ ................ ........ ... ..... ............... Soulhatn Maidc4 lo Colombia and Ecua• .... .. do ......................... . 

do, . . 

Tapir, mounlaln ............................................. r~ ~ .......................................... Colombia. fcuaoo, and poaalbly Pen. ...... do ........................ . 
andV.,...Nllla. 

,.,...,, l'llillwlne············································ r.,..;.,. ,yric/lla ..•.• ·-·····- ·····-··················· ·· · Pllllipplnoa ..•.•....••.....•..............•..•.••..•..................... do ....................... .. . 
TIQel ................................................................. Pan,,..,• 14:J,it .............................................. Tampo,olo and T,oplcal -'Ala ........... ... .. ........ ...... do ............. .... .. .. .... . 
TIQe,, T.......,.,..,. I• Tllwlaclno) .................... 111yi."'1UI ~ ............................... A&,olralla ••.•..........................•.•..•..•.•....•.••.....•.•. .. .... do ...... .. .. ............... . 
IJakAl1 (al apociea) ...... .................................. C.~ opp. fal apociea) ..•.................•...... Pa,u, BtuJI, Ecuodol, Colombia, v ..... ,u. .. .... do ......•...•... ............ .... 
Udal ........................ ......................................... 0.. mwinotl I •otioflloAlol opll/oll .. ........ ... Cypnle ...................... ........ ................ .. ... ......... . ...... do ....................... .. . 
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IU .. ,. HA f! a .. ,. .. ,. 
I , I , 46 H" N" 

II .. ,. HA :n 
3 HA HA 

.. :r 
3 NA HA A 

:I 
16 H" NA A. 
3 H" HA 

~ 16 HA NA 
3 NA HA ~ 248 HA H" 

15 H" HA =-
4 ti" NA • 

3, . H" tlA "' • 3 HA NA ~ 3 HA NA 
1811 NA NA .: 

I , 181, NA HA ;-
1611 .. • 1'I NA 17.141•1 ::s. 

0 
IH NA HA .. 

3 NA NA 
3 NA HA 

60 NA NA 

60 N" NA 
4 N" NA 
3 HA NA 

18 NA NA 
10 HA 17.40(cl 
15 N" NA 

3 NA NA 

3 NA NA 

3 NA HA 

18 NA 11.40(cl 
3, 6 HA NA 

3 HA HA 
3 NA NA '°' .... 

15 N" NA :-,. --
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1/lcuna .......... .. ................................................... ~ ~ ---.. -----1 Soult America (Andeo) ....................... _ .... _ ... <lo ........................ . 
Vole. Arno,voM............................................... ~ C11filotrtlc;w ~ ........... _.... .. U.S.A. (CA) ......... ---....................... .. .... do ...... .. ................. . 
W1Hat,y. ••ndecl hare .................................... Lrgo•lrophu, •ldoW .. - ................. _........ Aueltellll ........ .................................................. . ..... do .. ............... ....... . 
W1Maby. br~ nel-lded .... .. .. .. ................. OnychO(IM .. h.,..ta ........ _____ ...... do ..... __________ ......... do .. ..................... .. 
Wlllabf. c:,eacenl nell·talled ............... ... ........ ~IM..,,,.,. ... ______ ...... do--------- ...... do ................ ........ .. 
Wallaby. Perma ............................................... ~,,.,,,,. ................ - .. ___ ....., ...... do ... ______ .. ____ ...... do ........................ .. 
w, .. b)I. w .. ,am ti.re................................... Lll(IOt'ChN,., flirllAw ______ ...... do ............................................................... .. .... do ......................... . 
W.itat,y, yellow•looled rock........................... Allropa}e -,lhopuo...................................... .. .... do ............................................................... .. .... do ........................ . 
Whale. blue ...................................................... s.1 .. nopi,,n ,,.,.,... ...... ____ Oc•anlc ................................... ----·-t ...... do ......................... . 
Whole, bowt>ead ............................................. S.i.,.,.. ,,,,,..._"-......................................... Oc•anlc (no<lh letlludel only) ...................... .. .... do ........................ . 
Whole. llnback ................................................. S.}ffnopl- phyMAM................................... Oceanic........................................................... . ..... do ............... .......... . 
Whale. gray ......... .. ........................................... £~ robullw ..................................... Nonh Pacltlc Ocean: waotal and B&<tng ...... do ........................ .. 

See. 
Whal•. humpbeck ........................................... ~ flUVHM>(l/iM-----· 0cHnlc ...... ________ ...... do ........................ . 
Whale, righl ....... .............................................. S....... ~ ...... do ...................................... ____ ...... do. ....................... . 
Whale. Soi ........................................................ s.t.enop/- bcrNAit ............ .. .... do .................. ____ ...... do ....... ................ .. 
Whole. ape,,,_ ............. ..................................... f't,yNIM Clllodr>n..................... ..................... .. .. .... do ................................................................ .. .... do .............. _ ....... .. 
Woll. gray ......................................................... C.,,.. ~ ....... .. ................. - ....................... Holatclle .......................................................... U.S .A. (•I 

Do...... ........................................................... .. .... do .. - ................. _____ _ 
Welt, maned ................................................... ~ hal)U1,tt-----
Woll. rad .................... . ..................................... c.t..11AU1 ... _____ _ 

Wonibel huy·noud 1-a.r-cre end b...,,,,..,. lnfrfl ltorm.ly L. twnMd 
a.-n.1enc1 hoilry·noNdl. and L. """°,ple4. 

...... do ............................................................ .. 
Atganllne, 8o1Me. &tad. Pa,eguay, lJN. 
py. 

U.6 .A. l10U1Ma1tem U.S.A. -11 lo cen
.. al TX). 

Aualtellll ........................................................ .. 

conlerrninoul 
&lit••· .. cepl 
MN), Mulco. 

U.S.A. (MN) .............. . 
Enllr• ........................ . 

...... do ........................ .. 

...... 00 ......................... . 

W..,.a,el l<ey I.Algo ....................................... N«,- ......,.,,. ............................... .. . ... U.S.A. lfl) ............................................................. do ....................... .. 

Velo • ..tld .. .. .. .. ......... ............. ............................. &u ~ ..... _____ .............. CNna (libel), lndle ........................ ................ ...... do ........................ .. 
Zeb<,. 0,-,•1 ................................................. Eqa4 ~ ................................................... Kenya. Elhlopla. Som ... ................................... . do ......................... . 
Zebf .. Har\l...,....·a ,,.,.,...,, ............................. EQ&,<4 z_,,. ,.._.............................. Namibia. Angola ................................................... do ......................... . 
Zebra. mountain ................ , ........... , ................. fQIA4 ntn nlxa ............................ ............ .. Soulll A.Inca ........................................................... do ..... .................... . 

s-• 
All-. 11-u ....,,_-, ...................... t..._ _.;....,. --........... ............ U IA (HI) ............................................................. do ....... ................ .. 
Ak-. M .. (honey,;,-, ......................... Lo.,q>1 _,.,._ """-" .. -_ ............... ...... do ...................................................................... do ........................ . 
•k•llloa. Keual t,on,,y._ape,1 ...................... f~llkA p,oc«W ......................................... do ............................................................... · ...... do ......................... . 
Aklapo!Mu (honeyCINf)ef) .................. , ....... .. HMn/g,,.1/u mun,o/( • .,,,on/) ........................ do ...................................................................... do ......................... . 
Alla-•. lhorl·lalled..................................... ~ .................. _____ ... North PIICNlc Ocaan: .Japen. U.S.S.A., Enllle, ••cepl 

U.S.A. (AK, CA, II, OA. WA). U.S.A. 
Blackbird, pllow-elloul<Mred ......................... ~4.- _,,,_ ....................................... U.S.A. IPA)---.......... -................... Enll<e ......................... . 

~ t~I?)~!J;I· ~§~.~~;;: ~~i~~~~~;:.j•·:l :::::~ 
8u1hwren, N- z .. rand...... ':/:' py,rfNM 17l<riY ................................ Eutarn Allanlle Ocean: Azo,H .. .. .... do ........................ .. 

I R11•l•rrl. Of••• •rwNan .......................... ~~~-~~• ...... ... ..................... ..... , ...... .. . New l•1l1nd .......................... do ........................ .. 
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I NA NA 
IM 17.851•1 NA 

4 NA NA 
4 NA NA 
4 NA NA 
4 NA NA 
4 NA NA 
I NA NA 
3 NA NA 
3 NA NA 
3 NA NA 
3 NA NA 

3 NA NA 
3 NA NA 
3 NA NA 
3 NA NA 

I , I , 13, 17.85(8) NA 
11, 35 

36 17.H(a) IUO(d) 
4 NA NA 

NA NA 

•. I NA NA i!: 
131E, NA NA s 180 

3 NA NA p .. NA NA 
IM, 111 NA NA 
16, Ill NA NA 
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a NA NA 

p -a NA NA i I NA NA 
1 NA NA m 
3 NA NA ll. 
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17 17.8&lbl NA o· 
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I, 3 NA NA 

~ II NA NA 
3 NA NA 

" NA NA :n 
let NA NA !-

3 NA NA 
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:"'_ ................. ___... ............. ... . 
••. ·• ~ ~• ..... . ...... . _., ___ ,. ____ ...... -•.•--·• ... ......... ........ ....,,....,.•• ··..,...,......_..... ......... . . - •1.-. i..r -..•-• ...:. ·..:, .. -, ... ~-:. •.: 

ll<>l>wNI•. 111 .. llod ~ .. ............................ eoir-~ ~ ................... .A (Al). W.•ICO (ionofal.................... . . ..do ... ... . 
lool>r. A&llloa'•········· ..................................... S.. ~ ............................................. , 1111 Oc .. n: Clviellll&I laland........... ........ . ... Oo .......... ..... .... . 
lnau.blld. _,am ................ _ ...................... 1:11,.,,im,11 t,,au,yp,.,.,. ~"'""··•··· · ~-~•Ila ................................................ ...... . . .. dQ ..... . ............... .. 
8ll11ieblld. wealaln n.io.. ............................. i.,.....,... ~ jlr,,.,.iif .......... ...... :..... • . . do ........................................................ . Oo .. .. ................. . 
lloadblll. a...m............................................... ~l>'• ••~•·········· .. ·· ............................ We11e1n Paelllc Quan: U.S.A. (Guaml .. .. . dO ......... .. ... ........ . 
......_ t.launllut ollv•-.......................... ~,_. ~ .. o1v-... ..... ......... .. lndlan Ocean: Llaurillu• ..................... .... ..... ..... dO ....... ...... ............ . 
8ulllW;h, i..o 1,1;g1..i (Inch) ....... _ ................ ~ pyrm,.M ,,,..,_,. ............................ , •.. h11a1n Allanloc Quan: MOf.................... .. ..do ......... ......... ... .... . 
a...,-an, H.., Zealand .. - ........................... X""4:w ~ ....... ...................................... Haw Zealand ....................................................... .. do .. ... .................. .. . 
8ualatd, a, ... lnaiall .. - ................................. ChorloU. ~ ......................................... lndl&. Pakl1i.n................................................ . ... .. do ..... .............. ..... . 
Cehow (•ia<muda Pellafl .... ----· ~ uhow ......................................... Notlh AUanllc: Ocean: 8eflnuda ....... ...... ....... ... ... do ....... ... .............. . . 
Coodof, AncMan ................. _ ........................ ~ ty;p/w ....................... .......................... Colombla 10 Clllle and Atganllna. ..................... . .SO ............. ........ .... . 
Coodof. Callornla ................ ___ ........ G~ u~ ................... .. .. ........ U I.A IOA. CA). Mellico (Baja C&lito<nla) ......... do ...... .. ................ . 
C:00., ~ (•ala• kN k.oj .................. Fuliu ~ ai.J ..................................... U.S.A. (Hll ........................................................ ...... do ....... ..... ..... ........ . 
Colinga. b&nded ....... _____ Cotava ma<ui,la ......................... .... ............... Btull ....... .... ............. ......................................... ...... do .... .. ....... ........... . . 
CollnQa. ..tlilA·lnlQed .................. .. - ............. ~ al/Opupur,M .................................. . ..... dO ................................................................ . ..... do ...... .. ......... ....... . . 
C.ana. blacll·ned<.-:1 ........... - ......................... Gll4 ~ ... .............................................. China (T.,.11 ..... ................................. .. .................. do ..... ...... .. ... .. ..... . . 
C.ana. QA>a M/ldhlll ...................................... Gru, ~ ,..,a .. ............................. WHI lndl•a: Cuba .......................................... ...... dO ......................... . 
C.ana. lloo<W. .......... ..................................... Gru, """""""' .............................. ............... ... . Japan. U.S S.R ........................................ .. .... ........ do . .....•.... ...... .. ..... . 
C.ana. Japane .. ............................. ............... G,u,~ ...... ........................... ........... . Clllna. Japan. K01a1, U.S.S.R ............................. do ..... ........ ..... ...... . . 
c.-. ~ M/ldhlll ............................. G114 .,.,_.,. pu/lll ... .. .............................. . U.S.A. (MS1 ...................................................... ... .. do .... ....... ..... .. ..... .. . 
c.-. SC>erian wloila ........................ -......... Gll4 ~ .......................................... U.S.S.R. (Sibellll 10 India. Including ken ..... do .... ........... ...... .. .. . 

andCNna. 
c.-. -napad. .... - ............................ a... .po ......................................................... UoneoUa ........................................................... .. ... do ......................... . 
c,.,.._ lllll00fWl9 .- .................... .... - ............. Gll4 ~ ................................. .. ........... c .... c1a. U.S A (Roell~ Mounlalna AHi 10 .. ... . do ............. ........... . . 

CarOlinHI • ....,_ 
C,eaper. Hawaii ..................................... ..... . 0...,,,,,...,. C •t......,1 mana...................... U.S.A IHII ••······•·· .................................... ....... ...... do ..... ... ... ......... ..... . 
C.Mpa< ........ l•MUWUM . ......... - .... . PMOl-,,,,U ,-o-n,r,,ti4 -to.~) ... : .do ... ................................................... ...... ... ······do·· .. ·· .. ····· ····· · ...... . ..,_ 
C.eaper. o.liu l• ...... ahlol---·• ~ c.o-.o,,,y.q •t~I 

IMWIAla. 
...... do ......................... - . ........ ·--·····.............. . ..... do .................. ..... .. . 

c.-. Hawaltn 1-•al&la). ____ --1 Con,w IYwa/lMwM l•tqp,tu,I ................... .. ... do .................................................................... do ........................ . 
C,°"'• L&ariana - ---.. ·······- · ......... Con,w tubM)I ..... .......................................... WHla<n Pacllic Ocean: U.S.A. (Guam, ...... do ............. ...... ... ... . 

Rola). 
·euwio.elda . ............. - ----~ C<,qu,• l•C.W-.anal ~ .. ....... ·-···· ....... Indian Ocean: Maunllue ................. ............... .... .. do ......................... . 
Cuckoo-tlvika. Reunion ........ ........ _ ............ C<,qu,. 1-ea.c.i.1 Minotll ....................... Indian Ocean: Reunion .................................. ...... .» ......................... . Cur-. IU0f~ .................................. Ull:J I •0..-) mllu IRllu ............................... 8tuJI (Ealla<n) ................................................... do .................. ....... . c...-. 1N-bllad ..................... ............... Ci..- bluinMlbM;hl ____ ................ .... &tuJI ............................................................. .......... do ......................... . 
Cur..-. Triridad wtoll6-11Mdad .. - ..... _ .... l'j,N pjw pfJI# ............................................ w .. , lndlea: Tllnldad ............................. ..... ......... do ........................ . 
~. Eallltno ........ ____ ,._..,. boluu ......................................... Alali<a and ROllhem Canada 10 Atganllna .. ...... do ......................... . 
Do,,e. clovan-.. •llleted .... ............................. 0-~lilf ,.,,,.,_.,.. ............................... Soulhwe11 Pwlic Ouan: Haw Caledonia .. .. .. .. do ..... ....... .. .......... . . 
eo... Gtan&da a,ay•lronled .......................... Llf)ll>IM I\JI,._ MIis/................................. WHI l(>dlea: Gtan&da .. ---- ...... do ......................... . 
Duell, Hawaiian (•koloel----....i ...,,., lt)'W,liol>a ............................................... U.S.A IHII ••·· .................................................... ...... do ............•............. 
Oucll. uyun . ..... .......... - .... - ....................... Anal lotyUIIOWU,il ...... ..... .... ............................ ..... .do ................................................................ ...... do .... ..................... . 
Duell, pj,lk~dold .......................................... RhodoMull ~"""' ......................... India ............................................................... . ..... do ......................... . 
Duel< • ......._...ing..s wood ........................... c..;... ...,...,. .............................................. Ind&. Malavala, lndoneala, ~ .. ........ . . .... . do ....... ...... ............ . 
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Speclo• 

Common,..,,,. ScienUllcname 

I 
Eagl•. beld ........ ............ .............. ................... . ~li.HIJ.J• iwcoc~IW .............................. Nof1h Amenc• IOUlh lO not1hem M•Jdco .. .. 

Do .................................................................. ...... do ... ....... ...... .. .................. ............. ............... ..... . do . - ..................... ·-···----

Eagl•. 0.•enlend wllll•·lelled ....................... Halie•IIA •lblcilM ~ ................ Gt-.l1nd and •dlacenl Allanlk: lllanda ..•.. 
Eagl•. harpy .. .............. ....... .. .......... ......... ......... ~ "",py/a ..... .. ..... ... ........... ..... .................. Me•lco aoulh lo Are-nllnl ........................... . 
E•gl•. PhlllppiM (-monkey-e111ng) ..•.......... l'ill>«:opNfJII Jen.qi ...................................... Phlllpplne• ····················••·••··············-•···· ......... . 
Eagl•. Spanlah lmpe,111.................... ............. Aquila ,.. .. "' 1cuibM#.................................. Spain. Mo<occo. Algeria ................... ......... .. 
Eg,el. Cllln• .......................... ....................... Ef}f9tl• w/opholt1• ......................................... Clilna. 1(0, ... .. ........ .. .... .. ......... . ................... .. . 

falcon. American pe,eg,lne .......................... Faleo -~ .,,./1.ffl ............................... Netta .. om cenltel A••·· llaOM norlh-
cenltel C.nede IO canltal U.xlco, win
..,. aoulh lo South ~ . 

Veflebf•I• 
popul•llon ...... 

endengr.edo, 
llvNlened 

U.S.A. 
(c,;n ........... 
SlatN. except 
WA. OR. MN. 
WI. Mil. 

U.S.A. f'NA. OR, 
MN. wt. MIi. 

..... . do ......................... . 

...... do ..................... .. .. . 

...... do ........................ .. 
Enllre .. ....................... . 
...... do ........................ .. 
...... do ......... ................ . 

Sia· .... 
E 

T 

E 
E 
E 
E 
E 
E 

' · S4 

34 

ti ,. 
I 
3 
3 

2. 3. 145 

Falcon. Atcllc: pe,eg,lne .. ........ ....................... F•leo ~ IUl<h.cl ............ ............ ...... Naala .,om ~,n Aluka lo Gr-,. •.... do ......................... . T 2. 3. 145 
leod; m••• IOUlh lo Central end 
South Ametlca. 

Falcon. Euraalan pe,eg,lne ....... ..... ............... F•leopMfl(/rlnua ~ ... .. ...... ....... ........ E .. ope. E .. aala IOUlh lo Africa and Mid-
•ut 

······do· ....................... . E 

Falcon. norlhetn aplomado ........................... F•loo IM>orab ...,,_,tbla.u ..................... U.S.A. (AZ. NM. TXI. Llexlco. Gualemale ... ...... do.................. ........ E 
Falcon. plflt!Jllne .................. ........ ....... ......... .. FalcO -~ ............................................. WortdvAde. 1.cep• An•ar~UC. and mo•• 

Pedllc lal•nda. 
Wher1Y• lound In E(S/ Al 
~ lnlhl 
C001•mlnou1 41 
S•11ae. 

Finch. l•y•an (honeyaHperl...... ................ Teltl,pyra I -Plrillin>,n) C1111lan1 .......... ; .. U.S.A. (HI) .............. ....................................... Enllr• ········ ·· ... ........... . E 
Finch, Nlhoa (honeycrNplll ................ .. ...... TeJ.,pyr• 1-~nl u/lima ........................ do ............................................................. ......... do .......... ............... . E 
flyc••chet. Eu1w•1 ........................................ E~ eulwi Joh,utOMI .......... .. .... ....... .. W•II lndle•: Gten•da..................................... . ..... do .... .................. ... . E 
flyc•tcher, Seyche!M• p11adl11 ................... T.,j,1;,,,o,,. ~ ...................................... Inclan Ocaan: Seycllllea ................................... do ........ ................. . E 
flyca•ch•. Tlhlll ................. ............................ Pom.,.,• np-1 ........................ ........................ South Pacific Ocean. Tahlll ................... ............. do ........................ . E 
fody. S.ychllle• (w••••·llnch) ........... .... .. .. Foudl, HdltlllMum .......... ........................ ...... Indian Oce•n: Seychell• ······ .. ............................ do ........................ .. E 
Frlga•eblrd. Andrew•• ··· .................................. Fr~•rA •ndr•wsl .... ........................................ E••• Indian Ocean ........ ................... . - ............... do .... .................. . E 
Goo•- . Aleu•len Canada ..................... ......... Bt•nt• c,,nMl«,sia ~ .. ...... ..... ........ U.S.A. (AK. CA. OR. WAI. Japan ..................... do ......... ....... ......... . E 

. 00011. Hawollan l•nen11 .. .. ......................... MIIOCltln c-s,r,,,111 NI>CMcen.i. ............. U.S.-\. (HII ... .............................................. .. .... do .. .. · .................. .. E 
Oo•hlwk. Clvl1lma1 loland .................... ....... A«fl'\'• latelalw nala,- ......... ... .. .. ............. lndlan Ocean: Qv11lma1 llland ......... _ ............. do ........................ . E 
Olecki.. alende,-bl•ed ................................... Ou/tic,44 (-C.ud>-1 ,,.1w1m .................. M~lllco ......................................................... .......... do ........................ .. E 
Gru1WY1n. Ey,•en (llycalcherl ......... ............ Amytorr,4 (IOYOINI ........................................... Auotrale ................................ ------1 ...... do.---- E 
0111>1. A~dan ................................................. ~• p,pa• ......................................... Oue••me ........................................... -··-·· ...... do---- E 
o, .. nahank. Non1menn•1 .............................. Trln{}II (IUtltfN ...... ..... .......... .... ...... .. ... .. .......... . U.S.S.R, J_., IOUlh to Maleya, aon-. ...... do ........................ .. E 
o .... n. homed................................................... Orw,p/Yw ~ .................................... Oua•emeJa. Meidco· .......... .. ---- ...... do ......................... . E 
Gui. Audoukt•• ·----.. ··-················ LIMI audoulnil ......•.. Medll•n-an S.. .......... ............................ .. .... do ....................... .. E 
Gui. relicl ....................... .. ....... ....... ... ............... bro• rwlictw .................................................. lndla. Chlnoi ...................................................... ...... do ........................ .. E 
Hawk, Anjuuen laland lf)e«OW .................... AccP'f• hnc.11 pueJ/AA ..... ............... ... ...... Inclan Ocoen: Comoro ltlande ..................... .. .... do ... ___ _ E 

·~:::: ~=~:w:U:::::i;;j::::.::::::::::::::::::::::::::::::: :::: :~rt.':'~::::::::::::::::::::::::::::.::.: :: ~c~1!fa1..,._ .•-•1 ....................... 1·· ... = .. ·· .... ·.· ....... ·1 
Hern111. hook·bllled (hummlngblrdl .... .. ....... ... Glaue,_ C •R•,,.,....,..,.,I dohml .. .. ........ .... ... Brul ........... .. . : ................... .. .................................. do .. ...................... .. 
tConoycreepe,. cr11led (- ·,kolleluil>el ....... P•"-111 do#/ .................................................. U.8 .A. (HII ........ ..................... .. .............. ........... ...... do ................... ...... . 
Hornblll. h..Cme•lld ........ .. ................. ................ RMtc,,ta,, ,vi ....................................... ......... TlltMand. Mal1yll1 ............ ' ........... ...................... do ..................... .. .. 
Honey••• ... helm<lted ................................... Mat;,/lllg• c,,11kb ..... .... ............. ...... .. ............ Auatrala ................................................................. do ......... ................ . 
lbl•. Jo11en-•1 cr•••ed ......... ....... .. ............... N;,,,oni. ''"'°" .............................................. China. Japan. U.8 8 .R .• K0tH...................... . ..... do ......................... . 
Kogu ... .......................... .. ....................... ........... Rhynocheto, /ubalVtl ...................................... Soulh P1cltlc Ocean: N- Caledonia .......... ...... do ........................ .. 
Kakapo l•owl•p111011 .................................... Slf\lOPI "4brop/Pu, ........................................ NIW ZHland ...... .. . .. . ~-
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llv••••ned 

PerekHI. oclw•nwkect................................. P;nttura al#fl/11111 ....... ................................. .. lltad................................................................ . ..... do ......................... . 
PerekHI. o,ange-belled ................................ ~- chtyaog••ter ............................... Aln•• ························ ................................... ...... do ........................ . 
Porokeel. porodloe I- buulllul) .................... PM()h(>IIA ~ .............................. ... . .•... do ......................................... -................... . ..... do ..........•.........•..... 
Pa,akeal. ecarlel-cheoled l•lj)lencldl ........ ~,. ,pMndida ................... ............ , .......•... do ..................................................................... do ... ............ ....... ... . 
PerokHI. lurquolu ........................................ N.,.,,,. p<Jk:hal/4 .................. ...... ........ ............. do ............ ...................................... ·-·-···· ...... di> ..•..•.• ••••••••••.••. ••.. 
l'errol. Auoltallan ................ ............................ Geopsi,,_ occldenwi. .................................... do .................... ........ ·-------1 ...... do ..... ..... ............... . 
Pa,rol. Bahaman o, c..t>en ............................ AmuOM ~la---- Weal lnclea: ~ . Beh&,...,. C.ymene ........... do .. ___ _, 

::::: ~"':.'!i·::::::::::::::::::::::::::::::::::::::::: ::-.;:...~'::::::::::::~ ........................ :: ~u::.·::.-;~;·~;·:::::::::::::::~:::::~~:::. :::::: :::::::::::::::::::::::: 
Petrol. Puw1o Rican ....................................... Amuona .at.Ill ...•................••.••.•...•.....•......... U.S.A. IPR) ..... .. .. ............................................ . .... . do ......................... . 
Porro!. ted-blowed .. .............. ... ....................... Amuona tflcdocotytha ..•.•..•.•..•....•.••.•....•...... e,121 ...................................................................... do ........ ................. . 
Porro~ rlld•capped .......................................... PioncpJl(te pi,.,,,I• ··----················ ...... do ................................ : ....... ____ ...... do ................... ..... . 
Porro!. rad-neckfld .......................................... Amuona .,.usiece ........................................ Wul lrdeo: Oomlnlce ···········-----1 _ ... do ......................... . 
Pa,rol. ,...,.opeclacled ............ ----· Amuona pntrel prenl ··-.. ·- ······················ Br121. At~llna ............................... ·-··········· •..... do·-----1 
Pa,rol. SI. Lucia ............................................. Ainuona owslcolor ....... : ................................ WHI lndlfll: SI. Lucie ......................................... do ......................... . 
Panol. SI. Vince.-. .. .............. ........................... AmamtY guikJin(JII ............. ·-······· ·················· WHI lndleo: 61. Vlncenl ...................................... do ......................... . 
Porro~ lhlck·blled ........................................... Rhynchopsl/le pa~........................ M .. lco. U.S.A. CAZ. NM)............................... Mexico ....................... . 
Parrol. vlnaceouo·bl•uled .... _.................... .4muMe w...:w ........................................... lltul ................................................................. Enllte ... ...................... . 
Panolbllf. Moul Choneya-) .................... l'urxk>M•lot unlhopt>tys ......... ................... U.S.A. IHI) .. ....... ..................................................... do ............... ........ .. 
Pelican. blown ................................................ . P.l«arNIS ~i.li,.................................. U.S.A CC.,ollnH lo TX. CA). w .. 1 lndlet. Enllre. except U.S. 

C. and S. Amer1ce: CoHlal. Allanllc coat~ 
fl. AL 

Penguin. Golapegot ........ .... ............... ............ Sphen/$a4 ~ .................................. Ecuedor CGelapagoe lllandt) ........................ Enlh .......... ............... . 
Petrel. Hewo»an dark-rumped ....................... l'lfflXkr>me ph .. opygle ~ ....... U.S.A. IHI) ........ .......................... ____ ...... do ........... _ ........... . 
P11 .... n1. t,.,.i.Jled ........................................ ~danr ttum.Je .......................................... lk•me. China ............................ ____ ...... do ............ - .......... . 
Ph•Hanl. lllylh•a lregopan............................ T("f/OP,n blylhll............................................... 8l1111A, 0-.,a. lndle .............. .... -----1 ...... do ....... ......... ..... .... . 
Pheuonl. blown Hlad ...... ............................ Ow,opliloll ,n,n~ .................... ..... .. China ............. .. .. ......... ........... ....... ........... - ... ........ do .. ___ _ 
Phe111n1. Cobol·• lrogopan .......................... Tr,gcpan c4boli.. ........................................... . ..... do.............................. ........... ..................... . ..... do ......................... . 
Phe111n~ Clwleo• monal .. ..........•................. Lophoplto,ut lhuy,I ........ ......... ... ..... ............ ... ...... do ........... ......................................... ·-····· ......... do .. ................. ...... . 
Phee .. nl. Edward•1 ............ ........................... . LCJ]hln «lwa/1bJ ........................................... Vlei/lam ... ................................. ·----·· - ... 00 ........................ . 
P111uon1. Elllo1•I ............................................ ~obJt 1tti,,• ....... ----················ China .......................................... ___ __, •••••. do ........ ................ . 
Ph .. Hnl. knperlal .......................................... LCJ]hln knp,Hi.1/a. .......... ............. .................. Vlelnam .......................................................... • ..... do ...................... . 
Ph••••n~ Mll<odo ........ ..... .......... .. ········· ······ ·· S}frlMl""'9 ,,,, .. dO .......................................... Tlllwan ........ .... .......................... .................. _ ....... do ..........•..•.•.•.. ..• 
Phea11nl, Polow,n p .. cocll ........ ...... ......... . Polj,p/«lron 1111J)11anum ........... .. ...... .... ......... Pt,Wpplne• .......................... .......... .................... . ..... do ..••••••••.•••••••.•.•.... 
PhHUnl. Scloler'I monol ..... ............. .......... Lophop/>(J<w act.1.,/ ...................................... Burma. China. lndla ................ ....................... . ..... do ..••.. . ·-·············· 
Phe•••"'· sw1n1,oe•, ..................... ................. lophl.n ,...,,,,,, ........... .............. ... ................ Taiwan ................. ................... .. ............................. do. ____ _, 
PhilHonl. WHlem lfagopen ......................... Tragop.n ~//A ............................ India. Plkltlan ..................... ____ __, ...... do ............. _ ........ . 
Phe11anl. whll• ea,ed .............................. ..... Ouuop#/oll O'Osa<>pli/M ............................... China {Tbel). lncla ......................................... . ..... do .... ___ _ 
Plgaon. Azor•• wood ..................................... Co,lmb, fM/umbu5 uorlca ........................... EHi AUanllc OcNn: Nor•• ......................... . ..... do ......................... . 
Pigeon. Challlam llfand ................................. ~~ nov••H<Jlandi.• chlllhem- New Zealand ......................................................... do ........................ .. 

,n,u. 
Pigeon. Mindoro 1on.lalled .......................... Ducule mindorlnM ....•. ..............................•... ~ .. --···-.... --------1 ...... do ......................... . 
Pigeon. Puetltl ~n plain ............................ Coo\Nnbl tiorru,te -/rnor9'........................... U.S.A. CPR) .................................................... . ..... do ......................... . 

PlpklQ•gu•n. blec..,,onr..i I 
PIiia. Koch·• .............. ... . . .... :: .. ::··:::::::::::::: •. ::: ::: :.,t~~········ .................................. .. Ar~ ...... .... : .... ••. . 
Plo•e,. Ntw Ztaland ahote r. . .. .............................................. .. .... 1 Phlllppln. ........ .. ........................ .. 

Pkwe,. Wing ...... .................... :::: .. : .... :::::: .. :: .... ::::::: c::.:::,, no;;::,~~.~::::::: .... : .... ::::: .... :: .. :: .. : .. · ~;-Az•~~~~;: .. ::i~~;;::::·::i:::~:i: 
Plaine, Allanllc and Gull couta PR 
\lfl r.en• ti• u .. .. ,.. .... n , ' 

...... do ....... ................ .. . 
•••••• c!O .......................... 
...... do .......................... 
0r .. 1 Lakea 

Wlle11l.-d In 

.... .... 
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2. 4. 1 HA HA 

a HA HA 
a NA 
a HA 

HA t NA 
a HA 
3 HA 

NA 
Q HA 

3 HA HA JG 
11 NA 
3 HA 
3 HA 

HA p NA 
HA 

3 HA 
3 NII 

NA ..... 
NA ... 

a NA 
3 HA 

NA p 
HA ... 

4 HA 
a HA 

H" i NA 
3 HA NA m 
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~ t.llndo<O JOM-ll~ad ...................... ...l CluaJUI ~ ........................................ I Phil~ · 
!'IQ.on. "-lo F11can plaln ........................ J ~ hlmar.t -lmOf•'---················ ........ US.A. 

....................... 9.!l ... ~2 , .... ~-u~ O. ·:.:::I 

~·~ 111Ao1i••on1 ... ............................. ~~ ................................................ ,,,~ ........................... ...... ............ , ............ .......... ......... .... ..... .. ... . 
,m., Koc:11'• .............................. ............ ....... Pkl.t Ao.:N ............................ ,, .......................... Plilllpplne• ·····•········· .. ··•······••··· .............................. clo .. ..... .. .......... , ... . 
f'lov.,, N•w Zuland eho<•············ ........... Thlnom,w nov .. ~ ........................... N- ZHl.,ld ......................................................... clo ............. ...... ...... . 
PloYet, pjplne ................................................ ~ ,,,..,..., ... ............................ .... ..... U.I.A. (lllNI Lal<••• no<lll«n lllMI llt .. 1 Lal<H 

Plaine. AUanllc and Gull coaa11, PA ,ooletahad In 
1111. ~ MoJClcO, BIIWTlaO. w .. 1 611111 ol ll, IH, 
lndloa. Ml, MN, NY, OH. 

PA. ond WI ond 
Pfijvlnc• ol 
Onlono. 

D<I........................................................ ·-·clo ............................................................... .. .... clo ............................................................... Enllta, 1.c1p1 
lho11 ., ... 
v.l'MI liallld H 
and&ng.,ed 

Ibo••· 
l'o·ou1 (hoMyc,Hj>e<) ..... ......... .................... ~ ,,,.._ ..................... ..... U.S.A. (HI) ........................................ ................ fnllfo ...... ................... . 
Pr~ .... Anwola(a gtMlet ............... . ~ C>.pdO •trwalwi ......... .. ..... ..... us A. (11() ...................................... ................ . ..... clo ............. .. ........ . 
~ . Memam·• Monlezuma........... .. ............ ~ monlaAMIII• mMrllVIII ................... M•JClcO IV.,• Cna) ......................................... .. .... do ................... .. .... . 
0...IHI. r•lj)lwldenl ..................................... l'NtomachnA IIIOCWIIIQ ................. ........ .. ... .. M•lllco lo Panama................ ...................... ··· ···do·.· .. ·· ······ ······ ····• .. 
A.I, Aukland llllancl ................. ---· ~ p«IOrW ,...,.,.,, ................. ............. N-• Z•aland ................................................. ...... do ........... .... .......... . 
Rall. Calllamla dappo,r ··········----·· /14144 ~~ obM>Mtw .......................... U.S.A. CCA) .................................................... .. .... do ..... ..... ............... . 
Ral, Guam ....... ·-········································· ll4IA4 a..slDlnl ................................................. wa1111n hclllc Ocaan: U.S .A. Couaml .......•... do .. .... ... ........•...... .. 

Ral. IIQhl·laoled cloW« ..........•......••............. ll4IA4 lonQirN/Tia ,.,.,.,.. .............................. U.S.A. (CA). M81UC0 (Bola C.»larnla)........... . ..... do ... ...•...... ...•... .... .. 
Ral, lord How• wood ........ .... ____ Tti&holimtlll, •r-lrie .....•........•..•....•.... ....•... Aualllloa (Lord Hawe laland), ........................ ...... do ........... ... ........ ... . 
Rall. Yuma claw- .................................•...... Rau ~ti,,..,,..,..,.................... .... M•xlco. U.S.A. (AZ. CA) ···············:·-·········· ...... do ..... .................... . 
Rhea. Oatwln'o............................................ PIMocMmla pwlflll.t .................................... . AlgWllina, BalMa. Pa,u, Utuguay ....................... do ......................... . 
Rabin, Challllm llland .................................. P.,lroica .-.-.i ............................. ................ N- ZHland ................................................... .... .. do .. ......... .........•.... 
Rabin, oca,lal-WIUI..S lavcaldlerJ ············· Atlitlic4 mullicokl>' muJ/icolol ...•...•......•......... Auallalla (Narlolk loland) ............................. ······do··· ·· ······ .. ........... . . 
Roa.low!. 9'-V·MOad ..•.. -----1 ~,,..,,.. -· ···----····............. ea,-oan. Goben ·····················-················· .•.... do ........ ... .............. . 
Ract.lowl. ~..S ·······----~ ~,,..,,._ ~ ...... ..... ..... ........... Alnco: T ago ID Siana Leone................... ...... . ... .. do ........................ . . 
Rahr, long·llllad g,ouncl .............................. Lk•IMlmlo d>itrw•• ...................................... Ma11g11y Rapwlic (-MaclagolCII) ................... do ........................ .. 
6cnJl>.bird, noray ... ............................ ......... .. ... A~~ ...................................... Auall . ... .... ............ ..... ... .. .. .................... ... ........... clo .................. .. ... .. . 
6hama, c.bll black (lhruah) ......... ........... ...... Ccp,ychue ni,M ~ ........................... ~······· .. ········"········· ................................... do ......................... . 
6hee,w11«, ...,._., TOWI\Mlld'a Clol· Pullillua ~ Claunafly pul/Jtl,AI U.S .A. IHI) ........................................................ ...... do .. ......... ......... ..... . 

mat~ Mana) 1-'A'o). MWII. 
&lri<a, San a..-.1aggeme111 .......... - ... ~ ~ lll#MfllM ........................ U.8 .A. CCAI .................................................... ...... do ......................... . 
61uin, racl---··"·"········-·-··-··· CM11.wM, «-~> ~ .................... 6aulh Ama,i,;a ......................... ____ •.••. . do .... ............... ...... . 
Spa,10,0, ~ Sabia oaukle...................... Ammo<k'"""" I-~> INllilmul U.S.A. (fl) ....................................... ...................... do ....•..........•..... ... .. 

rrwabilla. 
flpanow, cluuy Moaida ................................ Ammo,bn,.. «-~> IIIMillmua ...... do ............................. ........................................ do ....... .................. . 

. nv•-· 
6pa,1CM, Floflda graaalloppef •.•.•..•..•••..•.•..... NnlllO<k'"""" ,.,.,.,_ ~ .....•........ .. do ...................................................................... do .. ... .................... . 
Spa,,_, San Clarnanla oage .. ..................... ~• t:,,,/11 ,,.,,_,................ .............. U.S .A. (CA) ................... .. ................................ . ... .. IIO ........................ .. 
6lalllnQ. Ponape mounlaln ...... ..................... Ap,b,w p,,u.irJ ····· ···---··............... w .. 1 Paaloc Ocean: U.SA !Caroline le- ...... do ........................ .. 

lando). 
iwllnQ. ROll\aehld'a (mvna) ...... .................. L~ IOIIIM:lllld ............................. - ..... lndon<lela CBalil ................................................... do .. .... ................ ... . 
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Commooname 

SI.II~ •taw•llar. 1 • Aa•ol ....... ........................... HitNnlopu, muicanu• ( • hin,,,,...,..., U.S .A. (Hawalll ................................................ . .•... do ......................... . 
ltnudunl. 

Slolk. o,lenlal wlllte ....................................... Olconla <kot1'a ~ ............................... OW. Japan. K01ea, U.S .8 .R ...................... . 
SIOlk. wood.................................................... Mycln .,,,.,..,.111 .......... .............................. U.S.A., (CA, AZ, TX. lo C..ollnaal. 

Meidco, Cenltal and Soulh Amellca. 
Swtfllel, Mariana gray l•Vanlko,01 .............. AM>d-amu, I•~ _...,_,,._,_ WNlem PacUlc Ocean: U.S.A. (GuM,, 

ba,bch/. Rota. TWan. Selpan, Agiguan). 
Taal, Campbel laland lllghlleaa .................. Anis wcli/andlca M.M>/111 ............................ New Zealand (~I lalandl ......... - ... . 
Tam. Calolomla laaal.. .................................... SINIIII anti..,,,,,, ( ••b'...,,,.l brr>twl/ ......... Mexico, U.S .A. (CAI .............................. -·-·· 
Tem, leall ....................................................... SIMrY antillarom ............................................. U.S .A. (Allanllc and Gull coaall, Miu. R. 

Balln, CAI, Gr. and LH- Anllllea, 
Bahama,, Maxlco; winter, C. ~lea, 
no<Uwn S. America. 

...... do ........................ . 
U.S.A. (AL. FL. OA, 

SC). 
Enllle ......................... . 

.... . do .. ___ _ 

...... do ......... .............. .. . 
U.S.A. CAR, CO, IA. 

IL, IN. KS. KV, 
LA (MlH. R. and 
"'•· N ol Belon 
Rouge). MS 
(Mill. R.I. MO, 
MT, NE, NM. NO, 
OK. SO, TN, TX 
(beep! wllhln 50 
..... olC:OHtl). 

Ttv1aher. whlla-bfea1lad ............................. .. Ramphoclncu ~ .... ....................... WNI lrdae: 6l Lucia. Mertnlque ................ Enllra ....................... .. . 
Ttvuah, la1ga Kauai ...................................... . U,,a<»IW I_,,,,._,.),,,,,...,,,.,..., ....... U.S.A. (HI) ....................................................... . .... .do ........................ .. 
ltvuah. Molokai l•oloma'o) .... - ................. . u,,-... ,_..,,.""""") /a111/MMa ...... do ..................................................................... do ...................... .. 

l•"""""""lrut/Y. 
Ttwah. New Zaalltld (w1nleb!rd) ................ T...,.-. C4f»n.i. ... ....................................... New Zaalerld ____ ........................ .. .... do ........................ . 
Ttvuah. amaN K1ual l•pualoN) ................... 1.#y-•ln ( _ _.,,._,.l pu-1 ................ U.S.A. 11111 ........................................... ............ .. .... do ........................ . 
Tlnal1>0<l. aollla,y ............. ................ ................ ,.,_,,,.,. ~ ......... .. .. . BraJI. Peraguey. kger,lirla ................ _ ....... ...... do ............... ....... . 
Trembler. M11tlnlqua (llvather) .................... Cine~ 11Aic4udl fllJlturll,, .................. WHI lndlH: Mat11nlqua.................... . ........ .. .... do .............. ......... .. 
Vireo. laHI BaN•1 ................. ____ .. n,.., ,,.Ni puslllw ......................................... . U.S.A. (CA), Mexico ............. ..... .... ................. ...... do ......................... . 
Wender er. plaln (c:oltatad·hamlpodal .... ....... ~ lotqual&A ......................... ........ Au11ta.. ................................ .. ............ ............. .. .... do ........................ . 
Warbler (wood). Bachrri.n'1 ......................... V""1WO/ll bachman/1...................................... U.S .A.(Southaallt11nl. C..0. .... ----• ...... do ........................ . 
Wa,bler (wood). 8aib1doa yellow .......... - .... Dtndrv/ca ,,.1«/1/a ,,.l«hitl ........................ . Weal lldH: 81rt>1do1 ......................................... do ......................... . 
Wa,bler (wood). KlrUancl'I ............................. Dtndrv/ca A/rl/andl .... .................................... U.S .A. (pftndpalty MIi. Canada, Weal ...... do .. ...................... . 

lrdee: Bahama t1landa. 
Watbler (wtllowl. nlghllngala raad: ................ Aaocoph,411 41~ ..................................... WHlarn Pllcillc: Ocean ........ .................. _ .. U.S.A. (Metlana 

Wiirbler (wMlowl, Rodnquaa........................... s.brorM ~ .................................... Maunllul (Rodrlgue1 l1landll ................. ..... .. 
lalandll. 

Enllle ............ , ........... . 
W1rt>lar (wood). S.mpe,'1 ..... .............. .......... LMJCOpU• ,,,.,,,,.,i ....................................... WHI lndlaa: Bl Lucia ................................... . ...... do ......................... . 
Warbler (wlltowl. S.ychella1........................ .. s.bronw 141C,..l'-rw. ................................... ln<lan Ocean: Seychalle1 l1land ................ .. ...... do ........................ .. 
Whlpblrd. Waolem .................................... ...... Pl(Jf)hod,• nlprogulari. .................. ................ Aualr ... ............................ ..... ........................ . ...... do ........................ .. 
Whlle·eya. brldled ................ ........................... ZoJIIMDpl COMpici/14/a ctXlllpk:lllala ............ WHlem Plcilk: Ocean: U.S .A. ,a...m, ...... . ...... do ......................... . 
Whlle·ey•. Norlolk laland ....... ................. ....... Zo•t•rop• •lbopul.rt, ....... .............................. Indian Ocaan: Nor1ol< lalando ...................... . .. .... do ......................... . 
Whll••eya. Ponape U,Hler ............................ RuA/a ~•till (-Nnlb,dl ...................... Wait Plcillc OcHn: U.S .A. (Carolne •• · ...... do ....... ................. .. 

lendal. 
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----·----------------------------------------------11111•KB 
:~:-::k~~::=::::::::::·:::::::::::::::::::::::: t.::.,.,=~ii;,::::::::::::::::::::::::::::::::::: =;o~~ .. ".".~~~.~.:::::::::::::·.::::::::·.:::·.::: 
Woodpacker. t.o,y•blllad .............................. .. ~• prlnclpa~, .................................. U.S.A. (oouthcenltal end IOUlhaaolern). 

Cuba. 
PlcoitN• ( • °"""'""¥''"' IKxNM, ............. U.S.A. (IOUlhc-el and t0Ulhea11ern1.... .. . . ..... do .. .. ........ ............. . 
~• J.v•ntJ, rlchanbl ......................... ko,H ........ .... .... ........... ............. ... ................... .. .... do ......................... . 
r"'II~ ., a.-i g,.,adeloc.f»nw .............. W111 lnclaa: Ouadaloope ..................................... do ..... .................... . 
Trop~ 11 a.-i IN"""1ucua .................... WHI kldl11: SL Lucia .. ........................................ do ......................... . 

Woodpecke<. ,ect-cock1dad ..... .. ........ ... .. ..... .. 
Woodped u,, . T1l111m•1 .......... . .................. .. . 
Wien. Ou••leloupe houH ......... ................... . 
Wren. SI. Lucie houH ...... ............ .. .. ............ .. 

Rt~n .u 

.... .. do ............ ......... ... .. 

...... clo ............. ... ...... .. .. 
.. .... clo ......................... . 
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WNl•-.Y•• No<1oll i.i.r,d ............... : .......... ... :.I ~OIi~ ~ .. ···· ·;;;,······· ··········· ···· · ·-· ';i,; .. &:~~ . 
Whll•..-,•• POIIAl)e II' .. ,., ····················-······ /wAl.t ~o.,v• ,-un ·········,·-······· 1. . . 

- ----··· ···----·-····- - - . . 

:::=ts·.·.:·.·.·.-.~.-.-.-.·.-.-.-.·.·~~~.-.-.-~·.-:.·.- =--=:::::::::::::::::::::::::::::::::: ~c;::::~;.::::==~~;:;~;::: 
ca.. 

~ . ,eo-COCU<Md. .••••• - ................ Plccidu(-~I llor-············· U.SA.. (~at and 1oulNHlt1n) ...... . 

:::f~·~::::::::::::::::::::::::: =====~:::::::::::::: ::::=:::··~~:::::::::::::::::::::::::::'.::: 
fliPlllH 

.. •. . clO .•..••.•.•••...••••••.•... 

...... do ..•..•.•• ..• •...••....... 

······do·························· 
···· ··do ... ....... .. ... .. ...... .. . 
...... do ......................... . 
..... . do ... ....•...•.. .......... . 
...... do .. ....................... . 

AlllQ•IOf, AIMtlcan ..... .......... ......................... ~'°' ~ ............................... 6oulllau1111n U.S A ....•.......•....•............ .. ........ WlwNev., lound In 
wikl•.cepllhoM 
., ... ~. 
hi.cl u 
llvaalen.dHMI 
lo,111 .....io ... 

Do .••......•..•...•. ·-·············•··· ...................... ..•.•. do ............................................................... ..... .do ................................................................ U.S.A. lc"'1&1n 
., ... o1GAand 
SC. u Ml lot1II 
In 17.•21•111)). 
11.•21•1(11). 

Do ...••.•......... , _____ .. -............. ._ ... do .......... ............ - ..................... ·-····- ········ ...... do-··-··-·············· ....................................... U.S .A. (fl. LA and 
TX); In cepwily 
.,,.,., •• ., lound. 

AliQalOr. 0\lneM .. - .. ···- -----1 ~lar lklMM4 .... •-···· ........... _ ..................... China ......................................... ....................... fnllre ......................... . 
~ . CuW,,a lafand gia,ll ___ __, Ano.Ii, fOOHW/11 ....... - ..................................... U.S.A. (PR: Culebla latand) .• _ ............................. do .................•........ 
Boa. J •· EpicnlM ~ ················-······-·· ............. Jamaica ............... ·-···-.. ---·-··· .. ······-·· ..... ... ...... do .........•...•..•..•...... 
Boa. Mona .................................. ·-········-...... Eplcn,1., _....,. ,_,.,.... .................. .. .. U.S.A.. (PR) ............................................................ do .............•.. ...•.•... 
Boa. Puw1o Rico ................. ____ _, Epicn,IM ~--····- ········-.. ··.. .... ....... ....... .. .... do ............. ·-·····························-······•········ ...... do ........ ................. . 
Boa. Round lllland lno common name) ..... c..., .. ~ ···-·····························-···· ~ Oceen: Mturlliue ..•..•• _ .............................. do ........... .............. . 
Boa, Round lllland (no common name) ..... ~ ~,. ............... ·-·· .. ··-········ · ...... do ............................................................... . ..... do .................. ....... . 
Boa. Vwgln lalandt ll'M------1 Epk;r•IM mDl>MlM fJ/WIM ............................. U.S. and llrillen Virgin lelanda....................... . ..... do .•..........•............ 
Calman. Apapo(• RNw ·············- ············- .... c...n.n ~ ~ ................... Coloroble ..................... ----- ...... do ..............•... .. ... ... 
Catman, blAdr. ..•••..•..•••••..•••••••••.•••• •••••• _ ........... ~ "'1"f ........................................ Amalon baaln .................................................. ...... do ......................... . 
Calman, b<otd-onoui.d .................... _........... Cunan i.lito.trl4 ............................................ llsuM. Argenuna. Pa,eguay. Uruguay ................. do ................... ...... . 
Calman, Y.ca,a.............................................. Cunan ~ yllC¥a •............................ Bolivla. Ar~anlina. PW\I. Brul ............................ do ..... ..... ...... ......•... 
Chuckw .... San fllaban lal&nd •..••.••••••••••.. ~ ~-.......................................... Mexico .................................................................... do ....... .. ..... ........... . 
C,ocodlla. Alrlcan clwart................................. 0.~a,,-..,. 111/Ta ,pla ,.,, • ..,_ ................... Weal Alrlct .. ................................................... . ..... do ......................... . 
Clocodlle. Alrlc.n llhon<lal ·IIIIOIAM ............. o~ ... t:ll~t;-............................... w.,, .. n and canltat All-let ............. .................... do ... .•....... ..... ...•..... 
Clocodlle. AnMorican ...................................... ~ M:MIW .....•..... ....••.. ......•................ U.S.A.. lfl~ IAHlco. South Arnttlct. Cen· .. do ............ .. ........•... 

. llal Mltllca, C.,lbbaan. 
c.-.. c..,lon muggtt ............................ ~ ... ,,...,,,_ ~ ......................... Sri Lanka .......................................................... ...... do ... .... ........ ........ . ~=: &':: .~.~:::::::::::::::::::::::::::::::· =~r .. ~.:::::::::::::::::::: ~ .. ~.~.~~~~ ::::::::::::::::::::::::::::::::::: ::::::::::::::::::::::::::::::::: 
Clocodil•. Mo<a1a1•, ........................................ ~ morai./il....... ....... · . IAtxlco. Belli•. Guatemala ............................ . ..... do ...................... ... . 
Ctocodlla. ftJQQel ...................... - ............••... ~ ... ,,....,,la,,_.,.,,........................ India, P&&latan, lt.n. Btngltdaall ......•.......... . .. ... do ..... .. ... : .......•....... 
Cloeodlla, Nila ................................................. ~ nik>ucu........................................ Africa ...................................................................... do ...•....•..•••.•.•..•...•. 
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Commonneme SclenUAcname 

Hlaloflc range 
Vet1obr1le 

populallonwflete 
eoo.ngwed Of 

IN811enecl 

t:::: ~ ·=:::::::::::::::::::::::::::::::::::::1 =: :,.-:::~;·~ ·:::::::1 ~ ~~.~.~ .. 8.~~.:::::::::::1 ::::::: :::::::::::::::::::::::::: 
C,ocodlle, aallw•l• (•HIUlllne) ................. ~-..,, ...... ..................... ............. SoutheHI Aala, Au11t111&. Papua•N- Enllre . .. cap! 

GIJlnea. Paclllc Iolande. Paput.•Nlw 
GIAnea. 

C,ocodlle. Slameaa............... ... ..................... ~t. ""'1w!IM .. ........................ ........... Soulheael Aala. Malay Penlntula ............. ... . Enllr1 .. .......... .. ........... . 
G1Ylal (-ghlllal) ........... ..... .... ......... ... ........ ... . O•vulll g~liaA ..... .............................. ...... Peklalen, a .. ma. B1nglade1h, India. ...... do ............... ......... .. 

Nepal. 
Gecko, clay ...... .... ................ .. ... .... .. .................. PM/1vm11 _,,,.,.,.,,,..wtonl .............................. Indian Oc1en: Maurtlkla ...... ...... ......... ................ do ......................... . 
Gecko. Monllo ................................................. SphaarodM:ty/u1 micropi/1- ..... .. ............. U.!l.A. I PR) .................................. .. ................. • ..... do ........................ .. 
Gecko, Round l1land dey .............................. ,,,..,..,,,,. ~/Mfl ..... .. ....... ... ............ ........... ln<len OcHn: Maunllua ....................................... do ........................ .. 
Gecko. Serpent l1l1nd ......... ...... ...... .......... C)rfoct.c~ 1-,pM1IJnlulll ......................... . ..... do ........................ ............................................ :.do ....................... .. . 

::::::: :;:: %.~::::::::::::::::::::::::::::::::::: = =~;·:::::::::::::::::::::::::::::: ~.~.::.,~7.'..~.~.~~:~.:::::::::::::::::::::::::::::::::: ::::::: :::::::::::::::::::::::::: 
Igua na, Andfo1 l1land ground .... ....... ........... C),r::._.. cychlura ,:ych/t,,. ............................. .. .... do ............................................ ............. ....... .. .... do ......................... . 
Iguana. Anegada ground... ...... ...... ..... .. ..... ..... G)r::u• plr,gui1 ... .................. ........................... WHI lndlea: BtlUoll ~gin lalandl (Me- ...... do ........................ .. 

gada l1land). 
Iguana. Baulnglon land ... ... ................ ........... . Conolop/MU ,utlidw ....................................... Ecuadof (Galapagoa l1h1nda) ...... .................. .. .... do .................. ...... . 
Iguana. Caymao Brae ground ....................... G)r::.ln nubilA uyman«1J/I ................. ......... WHI lndlea: Cayman l1landa ............................. do ........... .............. . 
Iguina, Cuban ground.................................... C),r::.tn nubila nubilA .... .. ... .. .. :............... .. ....... Cuba ........... ............ ....... .. ... .......... .......... ..... ... .. Eflll<• I••~ 

pop<AaUon 
lnltoducad In 
Puel10Rlco). 

Iguana, Erum• l1laod ... .. ........ ..... ........ ... ... ... .. C),r::.tn ,:ycNura W,,11 ................................ WHI ln<ka: llahemaa .... .... ............... ............ Entire ........................ .. 
Iguana, Fiji bandoo ......................................... Br•cllylaphu, ,.~,.,. .................................. Pacific: Fiji. Tonga ................ ............... ................ do ........................ .. 
Iguana, Fiji CIHlad ..... ........... .... .. .. ..... ... ........ Brachylophu• O'lfiena/9 .................................... Paclllc: Fiji .. ........... ...... .. ... ...................................... do ........................ .. 
Iguana. 0.and Cayman ground ... ...... ........... C),r::4..-. oobil• IBwill ...................................... WHI lndlH: Cayman l1landl ............................. do ........................ .. 
Iguana, Jamaican ................. ...... .... .... ...... .... .. . G)r::•"• co/Nii ................................................. WHI lndlaa: Jernalca . .................................. .. .... do ........................ . 
Iguana. Mayaguana ..... ........... ..... ................... G)r::.ln CM!Nt• barttch/ ............................... WHI lndiaa: Bahamaa .. ......... .. .... .. ............... ...: .. do .................. : ..... . , 

:::::::: ~: r~:::::::::::::::·:::::::::::::: ~::: :-!::~~,;::::::::::::::::::::::::::::::: ~:~:i!:~,~a·~·~;·i~·::::::: ::::::: :::::::::::::::::::::::i 
Iguana. Wallw,g l1land ground ...... ... .... ......... Cydq IW)1 riltl~ ........................................... Waal lndlea: Bahllnaa ......................................... do ........................ .. 
Iguana, While Cay ground ............................ erc,t.... ~crul•I• ............................................ do ................... .. ..... ................. .. .......... ... ...... ...... do ... .. ................... .. 

~=::: ~~:~a~=~:i;';i::::::::::::. :.mN~:~~~~.~ :::::::::::::::::::: ~:~~ .. ~~~.::::::::::::::::::::::::::::::::::::::::::::::::::::: ::::::: :::::::::::::::::::::::::: 
L1111d. Hkluo gllllll · ................... ....... ............... Ga/Ioli.I~~ ................................. Spain (Cana,y lolend1) ............ .. .. ... .... ........... . ...... do ......................... . 
Llurd. ll>lra ••~....... ... .. ... ..... ....... ..... .............. PrKJ.rci, p;tyv111nll1 .................................... . Spain (Balaatlc l1landal ........... .. .................... .. .... do ....... .. ................ . 
Lbard. ltland night... ...................................... Xan/usl,t 1-K,.vb«tn.l rtt.walan,. ............... US A. (CA) ......... ................................................... do ................. ...... .. . 
I.Jun!, St. C.oo ground ..... .............. .... ......... . Aln.,v• po/opt .............. ................... ................ U.S.A. Ml ............. .... ........................................... do ......................... . 
Mon110t. Bengal... ...................... ..... ............... V""""'° t»np.Mna/s ..................................... lren. lflq. India. Sri Lanka. Malaytll, Al• ...... do ....................... .. . 

gllarulan, lkama, Vlelnam, Thalland. 

Monllu,. 11e .. ,1 ... ............. . • .. .. • ........ , v.,.,.... ,,,,._ · · ..... ....... .... ................ ·1 ~~~.:.a ~•11.;•:~kt!~~ I ..... do .. ........................ \ 

weal lnclL 
Monllo,, Komodo ltlend ................................. v.,.,,.,. korno<f<H,,w ,.~ .••• , .. N, .. • -

Ste· ... 
E 
E 
E 

E 
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E 
E 
E 
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T 
T 
T 
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E 
T 
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E 
E 
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E 
T 
E 
T 
E 
T 
T 
E 
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e\ 

wi.., ... 
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11 
17 

11 
3. 11 

3 
126 

3 
121 
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121 
121 

3 

3 
1211 
1211 

1211 

•• .. 
128 
121 
1211 

" 1211 
121 
121 

1 
105 
14• 
14• 

211 
2• 
16 

11 \ 

C,ltlcal 
llabllal 

NA 
NA 
NA 

NA 
NA 

NA 
17.ll~c) 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

17.115(C) 
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NA 
NA 
NA 
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NA 
NA 
NA 
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NA \ 

IOI -!lpecW :-,a ...... ---
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NA 
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NA 
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NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
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co ..... 

91 13zia .. oso4· . . --- -··--- ... . 

..,,_, O.Mf1 ..... ,........................................ ..,.,......., ~ ............................................... N<>nh I.Inca 10 tMat•1e1. C.aplat\ l•a ... 00 ..... ................ ... .. 
••OUQh U.ll.1> R. IO P~WI. Nool~ 
waatlnaie. 

MonllOI, Komodo laland ...... ---- ..,..,......, •~ ............ ........................ lndonaala ll<omodo. Alrl4ja, Pa<lat, and ...... 00 .. ......... ............. .. 
w .. twn flotH laland). 

MonllOI, Y•-··········----- V,11......, .,_,. ................ _......... ........ w... Pu.!11.&n hough Ilda 10 Bang&a· .... .. 00 .. ....................... . 
claa/1. 

Pwtll0ft. Indian................................................. l'yl/lon mo/Ulld "104.rw ............................... 5,1 Lanka and India ....................... ................. .. ... do .... .................. .. 
AIIIIMl\alLa, ANba llland. ............................ CtoWW .....,.,.,, ............................................. N\<Oa lah1nd IN•lllef1and Mlilla1) .......... ............ do .. ........... .... .. ...... . 
Ralllaanaka, New U.idcan ~ ...... Ool.lM ,d/,lldl oba<uw.............................. U.S.A. INM). Maxlcu ....................................... .. .... do ........................ .. 
&J,lk, Round laland. •. -•-······----1 L~ Nl/"111...................................... .... Indian OcMII: Maunliua ................................. . ..... do ............... ......... .. 
lloake, Allanllc ... IMIVI·----·• Ntlro<M 111~1.1 .....,.,.···- ········ .. ······-····· U.S.A. lfl.l ..................................................... . ..... do ......................... . 
Snalia, Concho wale, ................ ·-··· ··.......... NilrrKM MtlMI ~uclmlJcuiai. ...................... U.S.A. (TX) .. ............ ............ ............................ .. .... do ........................ .. 
Snake, eulatn lrldlQo ·- ····· .......................... Dr)'rrwr:holl COIM ""'9#1............................ U.S.A. (Al. fl. GA, MS. &q ................. ....... . ..... 00 .. ....................... . 
Snake. San f1andlcio ljallef .................. - .... ~ lilaa l.lll•i.~ .......... ........... U.8 .A. (C>.) ........................................... .. ............... do ................... .. ... .. 
Tartatuga .................... .. - - --•·• .. ~ upa,>U ..................................... Saulh America; Orinoco and Amuon ...... do ........................ .. 

RI,, .. bewn.. 
Tenaplll, ,t-,e, I• TunlanQI ..................... _ .. S.Y(JUf ll<uu ......... -----········... Malayaia. Bangladeah, Bu,ma, lndla, 1ft. ...... do .................... .. ... . 

donaala, 
Tama10ma ..... - ... --- - ---· r~ «:l>M(/.iil ............... ................... Ma1arw. lndonaa1a ........... ........ ......... ..... .. ... ...... 00 ............ ............ . 
TOIIOIM, AIIQUl&i.d ~ ~ ..................... ........... :.. .. Mal1gaay Rapul)lic; (•Medagaaca,) .. ...... .. ... ...... do ........................ .. 
TOIIOIM, Bolaon........................ ~ .. ~"'············ ......... _ ... Mexico ..... ................................ .. ..................... .. .... do ......................... . 
T01101M, claM/1 •... -.... XIIIObalH I•~ -~l U.8 .A. IUT, ~ . CA, NV); Mexico ................. Beave, O.m ~ . 

~ Utah. 
TOf\OIM, GalapaQOe •.••••.. ---- -· G«J<::M/ofN ~ ·······----1 EcuadOf (Galapagoe lalenda) ......... .............. . Enlile ........................ . 
TOIIOlaa. 1adiat-.l ~ I• THl.dol ,..,,.1.1. ..... ·--··· Malagaay R-i,ublc l•Medageacar) ................... do ........................ .. 
Tracaja. ...... ·- ··· ·-· ~ lonlMil .............. ............. ·-· ··· Soulll Anwwlca: Orinoco and Amuon ...... do ... .................. .... . 

Ri,,e, baalna. 
Tualala ................... ........... - ----1 Sp/lModon punc,.._. ···-········· .. ················ N- Zealand ............................................ : .......... 00 ... .... .................. . 
TU111e. aqualk: boll ...... ..... ·--- ---1 T~ - ······•··· ········· .............. ... Moxico .. ....................................................... ...... do ........................ .. 
TU111e. black IOl\ahall ........ - . ···-····· ··•·· T,io,iyl' nv.tc.aM---- - - ······ Bangla<»ah ..................................... .................... . do ......................... . 
Tuni.. a..m.aa peaco.:11. _ ___ __, J,lorw,ia _,. _ ___ _ .................. Bu,ma ................................................................... do ......................... . 
Turlle, Catlltal Amarican ..... ..................... o.nn.~ maid ..... ... - .................... _ ....... Malllco. Balia, Guatemala ................................. do ............. .... .. ...... . 
TU111e. C...110 Clenegu aollahell .........•..... Tnooyir •IM ..................................................... 1.1 .. 1co ..... ............. ......... .......................... .. ..... do ......................... . 
TU111e. ~ ·---·······•·······-··· Punwoluil,.. ,,..,,...rt:.. (-~ Saulh Alllca ................. ...... .................................. . do ........................ . 

• /ofN~lrlC.I). 
Tuna.. Ql'MII ....................... - .•••••••••.••••. ON~ mydu ........................ ................. ... Ci<a,mglobal WI lrOjllcal and lamj>erele 

aau and ocaana. 
Wh41tave, lound 

a,capt whete 
bt.claa 
IIOdangat..t 
b<ilow. 

Do.......... ... ................................. .......... . ..... do............. ............................................. .. . ..... do .............................................................. BrHdlng colony 
populallona WI FL 
end on Pacific 
coaat ol Mo.<lco. 

Turlle. llawkablll ... (•CAiey) .................... E,.ltnOdlMy• knbft:."' ........ ....................... TrOjllcal aau .......... ................. ..... .................. Enllta ......................... . 
T..U.. Indian aawClacil ....•• •.•..•.......•.......... Kl>Cllu(/ll t«l.1- .................................... India ..................................................................... dO ......................... . 
T..U., Indian aollahell ................................. TtionyJ, ~llaM ............................ ...... ... ... Paklat.an, lrldla .. .... ·-···· .. ······- ··-··· ............... ...... do ........................ . 

, .. .:, , .. 
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.. NA NA 
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16 NA NA :?I .. 
111 NA NA 

:r 
a 

16 NA NA 
:i 
A. 

129 NA NA 

~ 43 IU51c) NA 
1211 NA NA, e; 30 NA NA 
241 NA NA ;: 

:12 NA NA 
1 NA NA "' • 3 NA NA ] 
3 NA HA ;-

16 NA NA .. • 15 NA NA :J. 
41 NA NA 0 

103 11 i51C) NA .. 
3 NA NA 
3 NA NA 
3 NA NA 

3 NA NA 
I NA NA 

16 NA NA 
IS NA NA 

l~i NA NA 
15 NA NA 
16 NA NA 

a. 42 NA 11.421b) 
.,...Pana 
220 and 

227. 

a. •2 NA HA 

3 1U51c) NA -16 NA NA ... 
16 NA NA :-,i ... ... 



Common-

Sp«let Vt<1eb<t1e 
poj)Ulalion whe<e 
endeoge,edo, 

llvHlened 

TurUe, Kemp' t l•Allenllcl Ridley Ha ......... L~ • .,,.,, ....................................... Tropical and ......,.ale NH lrl Allanllc ...... do ........................ .. 
Batln. 

Tur1te, lealhelt>ecll ..................................... ~ awuc-. .................................... Troplcel. ......,.ala, and tubpolar NH ...... ...... do ........................ .. 

Turu., loggerheed ...................................... c.r.n. CIIIW/ta ................................................ Clrcumglobal In woplcal and lampe,al• ...... do ..................... ... .. 
NH andocHna. 

Turtle. OINe (PIIClflcl Ridley Ha ................... L,ptt,cM~ OW«N .................................... Tropical and 1~•1• NH lrl Pedflc Whete-e, lound 
Bttln. ••capt whet• 

laladat 
andaogared 
below. 

Do ........................... · ................. _ ................... do .................. ......... ... ......................... ....... .. ... ... do ........... ........ ..................... ........................ Breadng colony 
popufalion1 on 
Pacific coul ol 
Meldco. 

TurUe. peacock aonthel................................ Triony,t hlnJln .................................................. lndle. Bangledallll ........................................... Enllra ........................ .. 
Turtfa. Plymoulh red·bellled ........................... ~• l•~I ~Iris U.S.A. (MAI ........................................................... do ...... .................. .. 

bMJfl• 
Tur1ta. llllorl·neclled or WHlem awa~ ...... ~ wllitN .................................. Autltala ....................... .. ................................. ...... do ....................... .. 
T .. u.. aponed pond ....................................... G«Jc:Mrnys I • O.mon/A I hamlllonl ............. N0<1h India. Palll1len ... .................................. .. .... do ....................... .. 
Turtle. lllt"·kHl..:I A1lan ............................. AMi.OOCM~• I -G~ Moorlal t1- Cenllal India lo Bangladelll and 81#ma ........... do .............. ........... . 

urltv,.. 
Viper. Lar Veley .................... ................ ..... .... . v,,_. t,f/fi/ ...................................................... kan ......................... ..................... ............................ do ...... .. ................ .. 

AMPH, .. ANI 

Coqu. golden .................................................. Ei.ut,-ctytA J.-,............................... U.S.A. (PA) .............. .. ...................................... ...-.. do ......................... . 
Frog . ..... , peloltid .... .. ................. .... .............. DiYCOfllo•- nlprlwn/M ................................ ...... ................ , ................................................ ...... do ....................... .. 
Frog. Panamanian goklan ........................ .. .... Aldq><,a ~•u ut•lu .. .................................. P1nama ...................... .. .................................... .. .... do ...... .... .. .... ........ . 
frog. Slephan l1lond...................................... L.iop.lnv "4millonl....... ... ................ .............. New ZHl•nd .......................... ........ ................. .. .... do ................. .. ...... . 
8tlam•nde,, ChinaH glonl... ......................... ~ . tJ..i.s.ncn IM .... IJUII ............ ....... ... WHlam Ct.Ina ...................................................... do ......................... . 
Stl•mande,, duar1 •-............ .. .... ........ 8.ttrachc.-.,1 ......... ....................................... U.SA (CA) ..................................................... .. .... do ...................... ,. .. ::::~:=·. ~:•:,-: .. ~ ::::::::'.::: :::::::::::: :::::,_r,:::~~•· ........... · ....... ·.·.·.· .... · ......... ·.·.·.· .. ·.·:.·.·. Japan ....... ............ .................................................. do ....................... .. . --r-"""' •~~• U.S A. (AL) .. - ........................................................ do ............. .. ......... .. 
Soltmanda1. Sen Ma,coa .............................. E"')'l'.lH ,,.,.. .................................................. US.A. (TX) .. - ...... - ............................................... do .............. ........... . 
S1lamandal, Santa CN,: "'"9-io.d ............. Amll),wbN rnocn>d«f>Un a-oo.un .......... US.A. (CA) ..... _ ................................................... do ....... .................. . 
Salam•rKlef. Tuu blond ............................... T)Pfl~ ,alilbun/ ................................. .... U.S A. (TX) ...................................................... ...... do ........................ .. 
Toad, African ""'lpa,out ................................ ~• app ...................................... Tani•nla. a..i.a. M1fY Coat~ Carne- ...... do ...... .................. .. 

roon. U>eria, Elhlople. 
Toed, Cem4tooo ........................ .. ..... .............. Buia ~ ............................................. Eqo1•lorial Aklca .. ..... , ...................... - ...... - ... _ ... do .............. ......... .. . 
Toad. Hou1lon ... ..... ... ........ ..................... ........ Bula ho<n-.............. ............................ U.S.A. (TX) ............ ...... ........................................... do ......................... . 
Toad. Monie Va,de....................... .................. Buia ~ .. ............................................. Cotla Rica ...................................................... .. .... do ....................... .. 

ro,11. Wr0m11'II .............................................. &,a~ btvttMI .............. ................. u.s .A. (WY) ..................................................... ] ...... do ........ ............ ... .. . \ 

fllHll 

Al• B•Mk (bOI~, .. ........................... .. . ........... S..tno p/Jtryc,ph,tut, .. ... .. ............... .... ... ......... Tl#kay ............................................................... f.nllre ......................... . 
Ayumodold floachl .. ..................... .. .. ....... .... .. Hym.nophyu I •Bo~) curf• ... ................... Jopan .............................................. - ................... Oo ........................ .. 
8Mndcal, Ma•lcan 1c1tff1h).......... ................... P,J.t•li. plW•to,,111• ...................................... M••lco ....... .................... ...... .. ...... .. ................. . ..... do .............. .......... .. 
Bonylouog,,e. A1l•n.. ...................................... Sci.mp.~• t>mio,ua................... ................. Thailand, lndonetla, M•l•ytla ....................... .. ... do .. 
C•lfl•h (no ,o.,wnon name) ......................... P•nt»IW .,,,..,_,,.,,.,,1 .. , .. · 

----------
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4 NA 
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42 NA 

42 NA 

15 NA 
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3 NA 
11 NA 
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128 NA 
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a 17.IS(d) 

II NA 
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-------------------- --·------ ----- ··--··--.. ·• · . ... ·----·· 
' 

)' 

Toed. WVOmlnQ ....... ... ....... ............................ .. /Iulo ,-,/Qplllr91MXIM ......... .. .. .......... ..... ... . U.I.A. (WY1................ .. ................................. .. .. .... .ao ............ ........... .. 
Fw111 

E lat NA NA 

~ 
Ala Ba.Ilk IIIO<AI ......... ..... .............................. S.lmO PM~ ........................... ......... .. Tur~-v............................................ .. ........ .. ... ... En1 ....... .. .. ............... .. 
Ayumodolll jloM:111 .......................................... HytrlMICfll'YU l•BoU.) ""1a ............ ..... ..... Japan .................................................. ............. ... ... do ................ .. .. ..... . 
Bllndcal, M1idc&n 1calfiahl ........... .................. PrMt•U. pNNIOpl>M ......... ........ ....... ..... ......... M1Jdco ...... ..... ............... ......... ................... .. ............ do ................. .. .... .. . 
~ - Aalan .. - ----··· .. ··· ScJ,,top,,QN lo,rno.,,1..... ..... .. ......... .. ............. Thalland, lndooell1, Mllayale ................. ...... . ..... do ........... .. ....... .... .. 
Cadioll lno c;ommon name) ......................... P~ u~ .......... ..... ..... ............ Tl\liland ................ ...... .............................. .. .. .... ...... do ......................... . 
Cadilh, glen&................... ................................ P~IW!Odon ~ ................•.................... . ..... do ... ......... .. ............... ............. .............. .. ..... . ..... do ...................... ... . 
Calfilh. Y~ .............................................. , lclllllw pric.i .... ............. ...... ....................... ... U.S.A.. IAZl, Mexico ............................... ... ... ......... do ............. .. .... .. .. .. . 
Ca••lioh. Alablme ........................ ................ Sp«,plef¥(tlinul poubonl ............................... u.s A.. IAL.I .... ........ ................................... .. , ... .. ...... do .............. .. ... .. .. .. . 
Cav1111h, Oto,11 .............................................. ~ ,ou•······································ ...... U.S .A. IAA, MO, 01<1 ........................ ....... ....... ...... do ........ .. ...... ........ . ~: ~~·:::::::::::::::::::::::~~:::::::::. = ::""~·::::::::::::::::::::::::::::::::::::::::::::::· ~t:: lt:i1~: .. ~: .. ~:.~~:.~ .::::::::::::::: ::::::::: ::::::::::::::::::::::::: 
Cldl, Chlhulhua............................................. G.ilol nv._.................................................. U.S.A. INMI, Mexico ICNhuehual ........... .. .. .. .. .. .. do .. ........... .. .. ........ . 
Cldl, llumpbl<:ll .............. .......................... G.ilol qp/la ........................................................ U.S.A. IAZ, CO, UT, WY) ..................................... llo .. ..... .. ... ..... .... .. . .. 
Chub, HunOll lul .......... - - - ---• Ga bk;clol llfl .......................... .................... U.S.A.. IOR1 ............. ....................................... . .. .. . do ......................... . 
Chub. t.lohl•• lul.......................................... GM biDoJof mo/Ml_,,;,.......... ....................... U.S.A. ICAI .. .. .. ..................... ...................... ... .. .. .. do .. ......... ... .......... .. 
OIUII, Owelll lLII . ............... GM~ IJ>ydwt ......................................... ...... do .................... .................... ........................ ...... do ........................ .. 
Oiub, Polwll\lQ&lloundlall .•.•..•....•.•....•.••.... G.Ja-jotdanl ............ ........ ........ .......... US.A. tNV) ...................................................... ... do .................. .. .... . 
Cldl, llltlde, ................... .. ........ ................... ~ c:Mlltl ................................................ U.S.A. (TN, VAi .......................................... ... .. ...... do ........... ........ ...... . 
OIUII, 6onota .. ....................... . ................... GM olllMlia ....................................... .............. U.S.A .• IAZI. M¥•ico ....................................... ...... uo ......................... . 
Chub, epol1'n ............. .................................. HybopM ~ ................................ ....... U.S.A.. IAL, GA, NC, TN, VAi ........................ .... .. do ........ ................ .. 
OIUII, Y~ ............ ...................................... GM pu,pu,N ................ .......................... : •.•.•.. U.SA IAZ). M oJClca .. ........................................... . do .......... .............. .. 
ac. t,n1nnow1 ..... - --- ···· .. ··· ... · •. ··· Aunl/lOfll,..,. ~ .............................. T .. ~II\I .............................................................. ...... do ......................... . 
Cul..a ................................... ........................ ~,.,,.. ~ ............................................ U.S.A. INVI ... ......................................................... do ... .................... .. . 
o.c.. Aoh u.adowa apedLled................... llhlnichlhya °"""" n,wlldMw. ................... .. .. .. do ....... ....... ... ..... ........ .. .. ...... ................. .. .... ... ... do ......................... . 

E 3 
E 3 
E 3 
E 16 
E 3 
E 3 
T 167 
l 28 
l I~ 
E i:i 
E 124 
l 132 
E I 
T 174 
E 2 
E 1115 
E 2 
T 21 
T 227 
l 28 
E 167 
E 3 
E I 
E 111E, 

121E, 

NA NA :n 
NA NA 

.. 
:r 

NA NA D NA NA :I 
NA NA Q. 
NA NA 

~ 17.1151•1 17.44(1l) 
17.115(•! NA e; 

NA NA 
NA NA :.: 

17.11 51•1 NA • 
NA 17.44lijl "' • NA NA } NA 17.44(1) 
NA NA 

17.115(01 NA :i 
NA NA .. • 11&5(•1 17.44(C) ::z. 

17 11510) 11.44(0) 0 
17115(0) 17.4•(c) 

.. 
17.115(0) tlA 

NA NA 
NA NA 

17.1151•1 NA 

130 
Dice, dalllt ···· ··· ·..... ............... . .... ................ .. Et.mlchl/lyl - ················.......................... .. .. .. do ·••····················· ········· .. ·· ·····........... .... ..... . .. .... do ..... .................... . 
Dice, Foaklll ~l..s ................................ Rt,inic.t,lhr9 ~ aop ................................. U.S.A. (ORI ........................................................... do .......... ......... .. ... .. 
Dace, l<endd W11m Sp,lngl ........................ Rhinid>//1¥9 ~ 1/wnwtlM....................... U.S.A.. (W'r'.)...................................................... .. .... do ................... ..... . 
Doce, Moapa .... ---- _ ___ .. ~ "°"'"°" ............................................. U.S.A. (NV) .. ................... ..................... ..... ........... do ........................ .. 
D11111 • .,_ ...... ... - - -- p..,ci,y ant•,_,. ........................................... U.S.A.. (GA, TN)......................................... ... . ..... do ......................... . 
D11111, ba)'OU .................................................. Elhiloalome n.M.m . ................................ .... U.S.A. (MS) ................ .................................... . .... do ............. ... .. ...... . 
Oar111, louni.in .................... .......................... ElhM»IOmll ~l.loole ...................................... U.S.A. (TX) .......... .. . ......................................... ...... do .. .............. ...... .. . . 
D11111, i.ot>lld ............... .. .............................. PMciM ~IMlit>t ..................................... .... U.S.A. (AR, Ol<I ............. - ....... ............................ do .............. .. .. ....... . 
0.flll. Maryland ............................................ . EU-IDIM HIIM• ......................................... U.S.A. (1.10) ............................................................ do ........... .. ........ .... . 
D11111. Niangue ........ ------···· Elhllt»ton,. nla11f>W1 ..................................... U.S.A. (M0I .. ..................... : ............. ....... .. ... ... ...... do ...................... ... . 
011111, Olc.alooM ............................................ EU-.IDIIY olrllk>oue .................................. U.S.A. (FLI ...... ....... .......................................... . •.... do ... .. .. .................. . 
D11111, ol1cl<w1111 ...... ....... .. .. .......................... El/>d<»wm. ~ .................................. U.S.A. (AL, TN) ......... .. ........ ................ .. ......... . ..... do ........................ .. 
011111. 11\111 .... ................................................ . Pe,ci,y WIIIII .. ....... .. ......... ...................... ....... : U.S.A. (Al. GA, TN) ................................. ... .. . .. .... do .. ......... ............. .. 
D11111. WI IIICINI ........ ..... .... .. ........................ EU>.o,wm. ~ ............. .. ....................... U.S.A. (AL) .......... ...... ........ ....... ... .... ......... ..... .. ... .. . do ...... ........ ........ ... . 
Gombuela. Big Bend ..... .. ..... .... ................... ... ~tnbl,,.;. ~ ........... ................................ .. U.S.A. (TX) ..... .. ................................ .... .. .......... , .. do ......................... . 

· GIITlbulla, Cll11 C.Mk ................... ............... ~mbuM t,,,/llfoClli ...................................... . ..... do ...... ................................. .................... ... . ..... do ... ..... ................. . 
GIITlbuala, Amla11d ... .................... .................. G~ 1mi1la"'1n1U1 .......... ........ .... ..... .... ........ do ... .. .... ..... .. ................... .................... ......... ...... do ........................ . . 

l 210 
l 174 
E 2 
E I 
E 1116 
T 10 
E 2 
l :11 
E I 
l 105 
E I 
T 26 
T 12, 150 
E 2 
E I 
E I 
E 113 

17.1151•1 17.441ml 
NA 17.•41i) 
NA NA 
NA NA 

171151•1 NA 
NA 17.•-(bl 

11.85(•1 NA 
11.115(0) 17.•4(cJ) 

NA NA 
17.85(01 17.•4(kl 

NA NA 
17.IIS(a) 17.•4(CI 

NA NA 
NA NA 
NA NA 
NA NA 
NA HA '°" Oambuala, PK<>a ....... ......................... ...... ...... G.ambuw nol>illt ..... .............. ............... .. ......... U.S.A. INM, TXI . .................................................. do ............ .. ........... . 

Gambulla. San IA11c;oe ........................ .......... G41111lluw fJ«Xg,,/ ..................... ....... : ............. U.S.A. (TX) ...................................................... . ..... do ................. ... ..... . 
E 2 
E aa 

NA NA -17.IISl•I NA :-.a --



Specie• 

Common name 

l\lllflth. Palvump................................ ............. Eny»tthlhya i.io. ··---- ············· U.S.A. (NV) ................ ....... ........... .... ... ............. . ..... clo ..................... .... . 
. L-ch. ContNUQA .................................... ~ J-nlrlr1,I ......... - ---·· .......... U.S.A. (GA, TN) ................. ............................ ...... clo ...................... ... . 
M•dlom. Sdolo ........................... ................. No,.,.,. nutrrYnl ................. - ---···· U.S.A. (OH) .................................................... . ······clo··············· ·········· 
Madlom. Smol!y ............................................. No,.,.,_ bail•rf .................... .. .. ......................... U.S.A. (TN) .......... .. ............ ............................... ...... do ...................... ... . 
Mtdlom, yellowfln ..................................... ... ~ •...,i,,n,. .. ....................... - ............... U.S.A. IOA. TN. VA) ............. ...................... .... ...... clo ........................ . 
tMkoglgl Ccalfl1h) ....................... .................... C..:C."fObtlJ'l" lt:Nilawril ................................... Japlll\ ........................................ ----~ ..•• . do ........................ . 
Pupnth, Aa11 t.1 .. c1ow1 Ametgo.................. C'),,rlnooon ,,..,.,.,._ m1onac1U ............. u .s .A. INVI ........................... ·----··· ....•. do ......................... . 

Puphll. Comanche Sp,lngt .......................... C'),,rlnooon a#f78M ...... .................................. U.S.A. (TX) _____ .................................. clo ..•.•. .. .••.•.••••.•••.... 
Pupftth, de .. rt ....................................... -.. ~ macvtwid................................... U.S.A. (AZ, CA) Maxk:o ................................. .. .... clo ......................... . 
Pupftth, Oavllt Hole ...................................... ~ dlaboh ................................ ........ U.S A. (Ml) •.. :.... ......................... ..... ........ ....... . ..•.. do ...... ................... . 
Pupllah. Leon Spnnga ................................... ~~ ....................................... U.S.A. {TX) ....................................... .............. ...... do ......................... . 
Pupll1h. O..ent .......... ..................................... ~ raoo..,. ... ...................... ............. U.S.A. (CA) ........................... ...................... .. . .. ... clo ......................... . 
Pupfltll. W11m Sp,lnga ..................... _ ........ ~ IWV8(#fl,n p«tora.. ... ..... ....... U.S.A. (NV) ..................................................... • •.... do ..... ................... . 
StNr. beouUlul ............................................ Nolrapb ~ ............... ................... ........ U.S.A. (AZ, NM). Mexico. ....................... - ........... do ........................ . 
Spllttdece ......................................... ..... .......... ,.,.,,_ ~ .......................................................... clo ....................................... .............. ............... do ...••.•.•.•.••.....••..... 
Splnedace. Big Sp,lng .. .. .................. .... ......... L~ mollispr,i. pralMII• ................. U.S.A. INV) .................................................... .. .... do ........................ . 
Spl<iedace. While Rive,................................. L~ •lblttallill ..................................... . ..... do .... ............................................. ........ ...... • ..... clo ...................... . 
Sj)(lngftlh. Hlko Whlle Rive, .......................... o.nlchlhyt ~ (Y8ll<b ..... ............................ . do .............................................................. ...... clo ........................ . 
Sp<lng:llh. R&llroad V~ ..............•.........•... er.nlchihye ,,.vadaa .... .. ...................................... do ............................................................ ... ..... do ..... ................... . 
Sj),lngffsll. While Rive, ....... ...... _ __ .., Ovnlchlhy, b#tilay/ ballllyf ............................. ..•.• do ............................................... .. .............. ...... do ........................ . 
Squa...,lth, Colorado ................................ ..... ~ ...,.,. ....................................... U.S.A. (AZ, CA. CO, NM, NV, UT, WY), Enllra, axcepl Sall 

Maxk:o. and Votde R. 
chlnagH, AZ. 

Do................................... .. ........ ............... .. .... do ........... ............ .... ..................................... . ..... do .......................................... .... ................ Sall and Votde R. 
chlnagee, AZ. 

Sdc:klebtck, unarmcxecl llwHaplna .............. Ga,,_,,,,..,. KUIHIW ""11ia-" ............. U.S.A. (C-..A) ................... .. .. ..... .... ...................... Enllra .. .. ..................... . 
Sugaon, tho<lnoM ..................................... Acf,Mt•~tn.m ........... .......... . ......... U.S.A. and Canada (Abnllc eo.,11 ................... do ........................ .. 
Socket, June ................................................ O,,,IITl~UI.,,.,. ........................................ U.S.A. (VT) ................... ........................................ do ......................... . 
Suc:ke,, Modoc ................................................ C,,o,,o,,,... ~ ....................................... U.S.A. (CA) ......................... .. .... .. ................... . ..... do ......................... . 
Sucke,. W••- .............................................. C.to.tomw ,.,,,-,,.,.,,.. ................ .............. U.ll.A. (OR) ...... ....... :...................................... • ••••• clo ........................ . 
Tango. Mlyako (Toloyo blllarlnQ) .. ................ r.,.._.,- unalJO ............................................... Japan .. .................. : .................................. ........... clo ........................ . 
Tamolak. lkan (mnnow) ................................. ~µIMn/ ........ ................................. .. . Thahnd. Cambo<le. Vlalnam. M111ye1&. - ... cb ........................ .. 

Lao,. 
Tc,pmlnnow. Olla ................................... ..... .... ~ .,..,..,,,. .. ........... .................... U.S.A. (AZ. NM). Mexico .......... ............................ do..... . 
Toloabe (IH~oul or "akllah) ..................... ~ ""'cdonald ................................... Mexico (Gull ol C.llfomla) ................................... do ........................ . 
Trout. Apache ..................... ......................... Samo ,.,.ai. ................................................ U.S .A. (-'Z) .. ..................... ............................. . ...... clo ...................... .. 
Trout, Olla ............. ........... ......................... ... Samo gila1 ................ ........... ..................... .. .. US.A. (AZ. NM) ............ ............................... . ..... clo ........................ . 
T•oul. g,•-ack culllwoel ............................ Sa/mo ,:JatAJ alom/,,1 .................. ......... .... ....... US.A. (CO)........... ........ ........ ........................ . . ... clo ...................... . 
Trout. lahonlan cunhroat .•.............•.•••...•.... Samo c:lwtJ -tti .................................. U.S.A. (CA. NV)............................................. . ..... do. _ ___ _, 
Trout. l.iCII• l<em golden ....... - ...................... Samo .,_botYl/l - ............................... U.S.A. (CA) .................... .............................. • .... do ..................... . 
T1out. Palullt CUllhloet ..... .......................... ... Samo CMrlli ....-. ...................... _ .................. clo .............................. .. .... ·--- - ~ .... . do _ _ _ _ 

Woundlln .... ...... ....... .. ..... .............. ....... ............ Pl,,fJCfJl«W ~ ..................................... U.11 A. (AZ, tN, UT) ................... .................. l .. • . a.c,opt Q .. 
R. clr-119. AZ. 
NM. 

Do .................................................................... do ... ................ ...................... .......... .. .......... ...... do .............................................................. Gia R. dralnag• 
AZ, NM. 

&HAIi.a 
Snal. Clllll•nafl\lO °'·ala tlnbef .... .. ...... .. ..... Sc.«.tw dllft.,,.,.,,,.,............................. U.S.A. (NY) .............. ................. ..................... NA. ............................ . 
Snal . ftal •lj)l,ad U,,ff-loolhad. .... ................ Trludopllt pllltyuyotJ,,1 ................................ U.S.A. (WV) .......... ·-•··· .. ·- • .. ---·............. NA. ............................. . 
Snal. Iowa Plololocana .. ............... .. .............. ~ macdnlocki ........................... ... .. ....... U.S.A. (1Aj ............. .. - .................. , ............... NA. ..... ..... .................. . 
8n1N. Mef"IJ1 l1tand .... ................................ Pa/Nll~ ~ r, .. ... •11 - ,... _,._ ,. .. • .. ' •· • · · ' 

----------------------

&le· .. 
E 
E 
E 
E 
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E 
E 

XN 

E 
E 
E 
E 
T 
E 
E 

E 
E 
T 
E 
T 
T 
T 
T 

I 

XH 

T 
T 
E 

wi
hlecl 

1 
1N 

10 
11:J 
21 
3 

117E. 
127E. 

130 
1 

222 

' 102 

' 2 
157 
231 
173 
203 
aoe 
224 
208 

' · 193 

183 

2 
1 

123 
184 
206 , .. 

1 
45 

••• 1 
1, 31 
a.• 

37 
1, . 

I . 1n 

1113 

41 
41 
41 

-Qlllcal 8pec:W -:-.. 1-.bllat Nlat ... ... 
NA NA 

17.151•1 NA 
NA NA 

17.15(•1 NA 
17.H(a) 17.44(c) 

NA NA 
17.Hl•l NA 

NA NA 
17.15(•1 NA 

NA NA 
17.1~•1 NA 

NA NA 
NA NA 

11.ISC•I 11.44(g) 
NA · 17.44IPI 

17.1151•1 17.44(1) 
17.IS(a) NA 
17.151•1 NA 
17.85(•) 17.44(nl 
17.15(1) NA 

NA NA 

NA 17.84(b) 
~ 

NA NA s NA NA 
11.85(11 NA 
11.IS(tl NA p 17.IS<•I 17.44(Q 

NA NA 
NA NA ..... .. 
NA NA p 
NA NA .. 
NA 17.44(al i NA NA 
NA 17.44(1) m 
NA 17.44(al a. 

17.ISC•I 17.44(•1 i NA 17.4•(8' 
:, --

KA KA 

~ 
NA \l 1411>) i 

GI 
:a 

NA NA 0. 
\II I NA NA ~ ~u ... 

----------



: I 

TNl&A. Palule ~ ···--· J _,., ,_., -••······ · ··· .. ·· ·· ·· ··, ·· ······ ···•·•··• ·· ····- · ········ ···•· •. . .. 9v.,-3z-t 8 .. 0508 

- - - ·-----·---
Woun<Mn ................ ........ ........ ............. - .•.. ~ ~-... ........................ U.I.A. !AZ, NII, UT) ...................... .. .............. En111a . .. c.p1 Gila 

R. dralnaQ•. AZ, 
NM. 

Do ............... ----· ................... ..... do .................. ....... .. ......................................... do .............................................. ................. Glla R. drlllNIQ• 
AZ. NLl 

......... 
Snail. CN!leNnQO ovala ambef . ...... . : ••..•.. s..a:.--~ ............................ U.S,A. INY) ............ ......................................... , NA ............................. .. 
Sna1. lal·lplrad llv-lOolliad .......• - ......... T~ pJaryuyo;,»,......... ....................... U.S.A. (WV)...................................................... NA. .. .... .. .......... .. .. ..... . 
lloall. Iowa PIN~ ............. __ ......., Doc,.- ,,..cclin/Ddd ...................................... U.S.A. (IAI ...................... .................................. NA. ..... .. .... .•....•........... . 
loall • .,._ laland 1r .. .. -----1 />apc,,O,la ~ .. ..... .................... ........ Padllc Quan; Adrnlrallt la. jManua la.) .... .. NA .............................. . 
Snd. noonday ........ - ................. - ... ··-• ••· ~ cwtiJ ,..,,~ ....•.....• ....•..•••....... U.5.A. INC) .................. ................... - ..•........ .. NA .................•....•........ 
Snall, Oahu lrM ...... ..... .............................. AdY~ ljlj). (all lj)eClola) ........................ U.S.A. llill ........................................................ NA. ............................. . 
Snail. l)Mlllld anaka collad lolHI ·-······-·· ~ pici............................................ U.S.A. (1 Nj................. ......................... .......... .. NA .............. ........ ...... . 
6nall. Slocll laland ....................................... ~ - lnol Incl. ~ ......... U.S.A. (fl) ......... ............... ....... ........ ............... NA. .. .. ........ .. .. ...... ....... . 
IA&II. Vi,ginia ~ mounlaln • • . _ .... .. ... ~ ~ - - -- U.S.A. (I/A) .. .................... ... .... ....... .......... ....... NA .............................. . 

Cl.we 

~-. ~ ian., ..... - .......... - ~ w-.. U.S.A. (Al, TNI ············- --- NA .......................... .... . 
P-1w .......i. ~ inonliayteca •... ~ ~ . . . ................. ...... U.S.A. (TN, VA) .............................................. NA .. ............................ . 
P-1f muaM1. bo<MlnQ ······-----t ~ UMIII ...................................... • .... do ...................... ....................... .. .............. NA ........ ...................... . 
P-1f muaNI. CumlMotlAnd bean.- .... .. .. V.tlio,u 1-.Miaomya) .. .,.,_ _ _ __ . U.S.A. IKY. TN) ............................................. NA. ............................ .. 
P-1w muual, c..mtwwland monkayteca ..... ~..,,.,,,,.._ ······· ... · ........................... U.S.A. (Al. TN, VAi .. ••········ ······-·-··· ··· ···· NA. .... ........................ . 
PMllrmuual.Cunaa·------1 ~ (-~) ._,.... U.S.A.(MOI - ........... _____ .... ................................. . 

Al1iaL 
"-11.......i.dromada,y .... - ----10-- ClhlmU ... ____ U.S.A. (TN. VA) ...................................... ........ NA. ............................. . 
PMllrmu...i,gr-.~ ~ 1-~I D'tC)M ~ .•... do ............................... ... ................... ....... NA. ............................. . 

~ 
PMllr ........ HiQQlna• eye ····----t U/lpMia hiQoi,IM . ......... - ...................... . U.S.A. (IL, IA. MN. MO. NE. WI) ... ................ NA ............................ .. 
PMllr muaaal. Nlcklln•• ------1 ~ ~ .. ····•·•·· -•·•··-.. ···· Maxk:4 ......................... ........................ ...... NA. ............................. . 
PMllr mu&MI. Ol'anQa·loolad .- - --~ ""'"'°""-~ .......................... U.S.A. (AL, IN. IA. KY, OH, PA. TH) ............ NA. .. ................. .......... . 
P-1wmuual.palaWip1A ____ . r°"""'.,,,.,-~1~ ...•. U.SA(Al. TN1 .................... ......................... NA ........................ ..... .. 
PNllr rnuaael. ponll mucll ...................... ..... ~ cwt>i:ulai. .................................. U.S.A. !AL. IL. IN. KY, MO. OH. PA. TN. NA ................... .. ........ .. 

WV). 
PMllr ........a. Tampico ..................... ....... ... ~ ~ """"'71.tl.,,,. .. ...... Mallieo ..................................... _ ___ .. AA .............. ...... ......... .. 
PMtlr muaaal. u,a,cl,od.blouoffl ............. ~ I-~> 1M1bU ,,_ USA (IL, IN, KY. TN. WV) ................. ....... . NA ............ ................. .. 

bu. 
Phllt muawl, llwgkl•blouom - - - -1 Eplc,bl,u,N C -~> upki.tla ............. U.S.A. (Al, TN) ............................................... NA .......... .. ................. .. 
Paa,ly muaaal. while cafl paw..................... Epicl,IA.,,.. C • ~) ....,.,. dlllJC U.S.J.. (IN. Ml. OHi ......................................... NA ............................. .. 

c.,.. 
Phllt muuel. *NI• *llltbacll .................. ,,,.U.00.,.,_ ""'-',,.,.,.._····· .. ······· .................. U.S.A. (AL, IN, TN) ....................................... NA. ............................ . 
f>aa,lt mua&al. yalk,.,•blouom .................... EplabJa.,,,. C • ~) ~ IIOf· U.SA (AL. TNI .............................. .. .............. NA ............................. .. 

.,,h. 
PIQloa . .... •rad ............................. .............. Fl4COflMII QIMl0lAf ........................................ U.5,1.. (Al, TN. VAj ........................................ NA ........... .. ................ .. 
PIQ1oa. rOUQh ................ ...... - ---~ PltlurobanYplM)um ................... .................. U.I .A. IIN. KY, TN, VAi ............... _ ........... .. NA .............................. . 
PIQloa. l/'olnt ............ ......... .......................... F~ ~ ...................................... U.S.A. (Al. TN. VAi ••······-----··· NA .............................. . 
Pochlbook, lal ....................... ----1 ~lalnlw C •l'roplMII) "'¥'U ............... - ... U.S.A. (AR. IN, MO. OHi ..... ·---··· NA ............................. . 
fllll1a ahal, lall .•.. ___ ___ __, Eplobi..,,,. wllllllt# .. ----···· ·········· U.S.A. (KY. TN. I/A) ......... _ ____ ... NA ............................. .. 

I\ 

XN 

T 
T 
E 
E 
T 
E 
T 
T 
E 

E 
E 
E 
E 
E 
E 

E 
E 

E 
E 
E 
E 
E 

E 
E 

IE 
E 

E 
E 

E 
E 
E 
E 
E 

I . lil NA NA F 
t" 
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41 NA NA A. 
41 
41 
3 

41 
1oa. 112 

41 

NA NA 

~ NA NA 
NA NA ~ NA NA 
NA NA :;; 
NA NA • 

41 
41 

NA NA "' NA NA • 
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16 NA NA ;-
15 
15 
Hi 

NA NA -• NA NA .. 
NA NA ;· 

15 NA NA .. 
15 NA NA 

15 NA NA 
16 NA NA 

16 NA NA 
15 NA NA 
IS NA NA 
15 NA NA 
15 NA NA 

15 NA NA 
II NA NA 

16 NA NA 
II NA NA .. NA NA 
15 NA NA 

15 NA NA 
16 NA NA 
16 NA NA -16 NA NA -11 NA NA ::"'ol --
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1-32 FR 4001: March 11. 1987. 
2--35 FR 16047; October l:J. 1970. 
3-35 FR 8495: June 2. 1970. 
,t.-35 FR 18320: December 2. 1970. 
~37 FR fl.478: March 30, 1972. 
&-38 PR 14878; June 4. 1973. 
7-39 PR «991: December 30. 197-l. 
1-'0 PR 2986'4: Jul1 18. 1975. 
,__..0 PR 31738: July 28. 1975. 
lo-40 FR 44151; September 25. 1975. 
11-"> PR «418: September 28. 1975. 
1:?-40 PR 47508; October 9. 1975. 
13-41 FR 17740: Aoril 28. 1978. 
14-41 FR 220«: June 1. 1978. 
15--41 PR 24084: June 14. 1978. 
111--41 FR 45993; October 19. 1978. 
17-41 PR 51021: Nonmber 19. 1978. 
18-4.\ FR 51812: November 23. 1978. 
19-41 PR 53034: December 3. 1976. 
2CJ..-42 FR 2078: January 10, 19'M. 
21-42 FR ~ea: January 1-l. 1977. 
22-42 PR 15971. March 24. 1977. 
23-42 PR 28137; June :z. 1977. 
24-42 PR 28545; June 3, 1977. 
~ PR 37373; July 21, 197'1'. 
28-42 FR 40885; Aucust 11. 197'1'. 
2'1-42 PR u:153; Aucust 23, 1977. 
:za-t2 PR 45528: Seo~.mber 9, 1977. 
29-42 PR 58755: November 11. 1977. 
30-42 PR 80745: November 29. 1977. 
31-43 FR 3'715: January 27, 1978. 
3:.--43 PR 4028; January 31. 1978. 
33-43 PR 4821: February 3, 1978. 
34--43 PR 6233; February 14. 1978. 
35-43 PR 9812: March 9, 1978. 
38---4.3 PR 1.28111: March 27, 1978. 
37-43 PR 15429: Aortl 13. 1978. 
3&-43 PR 18345: Aortl 18. 1978. 
~S PR 20504; M&T 12. 1978. 
41-43 PR 28932: July 3, 1978. 
U--t3 PR 32808: Jul:y 28, 1978. 
43---i3FR34479:Au1Uat4.1978. 
45-,.,,K PR 2U89: Aortl 10, 1979. 
~ PR 2306'4; Aortl 17, 1979. 
4&--W PR 29480: May 21, 1979. 
50--44 PR 37128: June 25, 1979. 
51-M PR 37132: June 25, 1979. 
5~ PR 42911: July 20. 1979. 
54-+6 PR 41l220: Aucuat 21. 1979. 
55-,.,,K PR &400'!'; Sei>tember 17, 1979. 
90-H PR 59084; October 12. 1979. 
&$-44 PR 69208: NOTember 30. 1979. 
86--44 PR 7Ge'M; December 7, 1979. 
1'1-M FR 750'78: December 18. 1979. 
&1-44 PR 18010: March 20. 1980. 
90--t5 PR 21833; Aortl 2. 1980. 
91-U PR 24090: Aoril 8, 1980. 
n-..s PR 27'113: Aoril 23, 1980. 
itS--45 FR 28722: ·Aortl 30, 1980. 
K-45 FR 3~21: Mar 28, 1980. 
95--45 FR 449"; July 2. 1980. 
~ PR 44939; July 2. 1980. 
ln-45 P'R ·47352: July 14. 1980. 
9~ PR 47355; July 14. 1980. 
99---45 PR 52803; Aucuat 8. 1980. 
100-45 FR 52807: Aucust 8. 1980. 
102-45 PR 54878: Aucuat 15, 1980. 
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103-45 FR 55854; Au1Uat 20. 1980. 
105-45 FR 6:1812: September 25. 1980. 
106-45 FR 65132: October 1. 1980. 
108-48 FR 3178; January 13, 1981. 
111-48 FR 11685: February 10. 198L 
112-48 FR 40025; AUIUat 8. 198L 
113-48 FR 4066'4; Auaust 10. 1981. 
114-47 FR 4204: January 28. 198:. 
115--47 FR 5425: February 5. 1982. 
117-4TFR 19995; May 10. 198:. 
119-47 FR 31870; July 21. 1982. 
123-47 FR 43701; October 4. 1982. 
124-47 FR 431182: October 5. 1982. 
125-47 FR 46093; October 15; 1!!82. 
127-48 FR 812: January 5, 1983. 
128--48 FR 1728; January 14, 1983. 
129-48 FR 28464; June 22. 1983. 
130-48 FR 40184: September 2. 1983. 
131-48 FR 43043; Seotember 21. 1983. 
132-48 FR 46057; October 11. 1983. 
134-48 FR 48338; October 12. 1983. 
135--48 FR 46341; October 12. 1983. 
136-48 FR 492411: October 25, 1983. 
137-49 FR 1058; JanUU"1 9, 1984. 
133-49 PR 1994: JanUU"117. 1984. 
139-49 PR 2783; JaoUU"123, 1984. 
142-411 PR 7335: February 28. 1984. 
143-49 PR 73114: February 29, 1984. 
144-49 FR 7398; February 29, 1984. 
145--49 FR 10528: Marcil 20, 1984. 
lta--49 FR 14358; Agrtl 11. 1984. 
149-49 FR 2233•: Mar 29, 1984. 
150-49 FR 27514; July 5, 1984. 
15a-.9 FR 33885: Aucust 27. 1984. 
157-49 FR 34494; Aucust 31. 1984. 
159-49 FR 34504: Aucust 31.1984. 
180-49 FR 34510: Aucuat 31. 1984. 
181-49 FR 35954: September 13, 1984. 
183-49 FR 43089: October 28. 1984. 
184-411 FR 431169; November 1. 1984. 
18a-.9 PR •5183: November 15, 1984. 
183-49 FR 49839: Decem0er 21. 1984. 
189--50 FR 1058: JanUU"1 9, 1985. 
17~ FR u:zs: January 30, 1985. 
171-60 PR 4945: February 4. 1985. 
173-80 FR 12302: March 28, 1986. 
174-50 FR 12305; March 28. 1985. 
181-60 FR 20785; May 20, 1985. 
1112-50 FR 2179:Z: May 28, 11185. 
183-SO FR 23884: June 6, 1985. 
184-50 PR 2t630; June 11. 1985. 
18$-50 PR 24453; June 12. 1985. 
18~ PR 25879: June 20. 1985. 
1~ FR 26575; June 27, 1985. 
189--50 FR 2700:Z: July 1. 1985. 
193-50 .FR 30194: Jutr 2"- 1986. 
195-ao FR 3159e; AUS\l,lt 5, 1985. 
111~ PR 31803; AUS\l,lt 5.1985. 
203-SG PR 37198; Seotember 12. 1985. 
205-ao FR 39117: Sei>tember 27, 1985. 
208-60 FR 39123: Segtember 27. 1985. 
21~ PR 50301: December 10, 1986. 
211-60 FR 50733; Dececber 11. 1985. 
212-60 FR 51252: December 16. 1985. 
215-61 FR 8690: ~bruary 25; 1988. 
~l FR 10850: March 31. 1988. 
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%2S-51 PR 10857; M.an:b 31. 1988. 
224-61 PR 10884; March 31. 1988. 
227-51 PR 18047; April 30. 1988. 
228---$1 PR 16482: MAY %. 1988. 
233-51 FR 17980: May 18, 1988. 
238-51 PR 23781; July 1, 1986. 
239-51 PR 27495; July 31, 1988. 
241-51 PR 31422: Sei,tember 3. 1988. 
24l-$1 PR 3ffl:Z: September 28, 1988. 
248-51 PR 34425; September 28, 1988. 

[41 PR 34182, July 27, 1983; 41 FR 34981, 
Aus. %. 1983. u amended at 48 FR 311943, 
Sept. 2. 1983; 48 PR 44337, Oct. 12, 1983; 48 
PR 52743, NOY. 22, 1983; 49 PR 1058, Jan. 9, 
1914; 49 FR 33892, Aus. 27, 1984] 

EllffOIIUL Non: Por additional P!:DDAL 
Rmun:a dtattom atfecttns the table ID 
117.ll(h), - the l..LldDs wbich tollowa the 
table. 

Ena:tn& Duz Non: At 51 PR 3-4412, 
3-44211, Sept. 28, 1988. the table ID 117.ll(h) 
wu amended by &ddlnli " Shrew, Dlmlal 
8,nmp southeutern" &lphabet1cally under 
"Y•mm•I•" •Ziel &ddlnc " Crayfish. Nub• 
vtlle" alphabetically wider "Crustaceans". 
e!fecUYe October 27, 1988. 

D 17.1% Endansere,d and threatened planta. 

ca> The list in this section c:>ntaim 
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• 
gered or Threatened because they are 
su!fidently similar in appearance to 
Endanaered or Threatened species 
<see § 17.50 et Jet/.>. 

Cb) The columm entitled "Scientific 
name" and "Common name" define 
the species of plant within the mean• 
ins of the Act. Althou&'.h common 
names are inclr.:ied, they cannot be 
relied upon for ident111cation of any 
specimen, since they may vary if'e&tly 
in local usage. The Services shall use 
the most recently accepted sc1ent111c 
name. In ca.sea in which contu.:!on 
mirht arise, a synon:,m<s> will be pro
vided in parentheses. The Services 
shall rel:, to the extent practicable on 
the International Code of Botanical 
Nomencla.ture. 

Cc> In the "Status" column the fol
lowins symbols are used; "E". for En• 
dangered, "T' !or Threatened, and "E 
[or Tl CS/ A)" for similarity of appear
ance species. 

Cd) The other data in the list are 
nonre(Ulatory in nature and are pro
vided for the Information of the 

50 Cfl Ch. I (1~1-16 Edition) 

reader. In the annual revision and 
compilation o! thia title. the followinr 
Information may be amended without 
public notice: the spellin1 of species' 
names. historical range, footnotes. ref
erences to cert&in other applicable 
Portions • of this title. synonyms, and 
more current names. In any of these 
revised entries. neither the species, aa 
defined in paragraph Cb) of th1a sec
tion. nor its status may be cbanred 
without followlns the procedures of 
Part 424 of this title. 

Ce> The "Histc,ric rsnge" indicates 
the mown general distribution of the 
species or subspecies a.s reparted in the 
current scientific literature. The 
present distribution may be sreatly re
duced from this historic ranre. This 
column does not Im.ply any limitation 
on the application of the prohibitiona 
in the Act or implementinr rules. Such 
prohibitions apply to all individU&la of 
the plant species. wherever found. 

<n<l> A footnote to the F!:Daw. Rm
ISTJ:ll publlca.ticn<s> ~ or reclasai
!:,inr a species ls indicated under the 
column "When listed." Footnote num
bers to H.17.ll and 17.12 are in the 
same numerical sequence, since plants 
and anirnals may be listed in the same 
F'J:DEBAL REGISTD document. That 
document, at least since 1973, includes 
a statement indi01.~ the basis !or 
the Usting, as well as the effective 
datees> of S&id listing. 

(2) The "Special rules" and " Critical 
h:ibitat" columns provide a croa refer
ence. to other sections in Parts 17. 222. 
226, or 227. The "Special rules" 
column will also be used to cite the 
special rules which describe e,cperi
mental populations and determine if 
they are essential or nonessential. Sep
arate listings will be made for experi
mental populations. and the status 
column will include the !ollowinr s:vm· 
bols: "XE" !or an essential experimen• 
tal papulation and "XN" for a nones
sential experu.iental population. The 
term "NA" <not applicable> appearinr 
in either of these two columm ind!• 
cates tha.t there are no special rules 
and/or critical habitat !or that par• 
ticular species. However, all other ap
propriate rules in Parts 17, 217 
through 227, and 402 stW apply to 
that species. In addition, there may be 
other rules in this titie tha.t relate to 
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such plant.,, e.g., r;>0rt-ot:-entry require
ments. It is not intended that the ref
erences in the "Special rules" column 
list all the regulations of the two Serv
ices which might apply to the species 
or to the regulations of other Federal 

§ 17.12 

agencies or State or local govem
ment.s. 

(g) The listing of 2, particular taxon 
includes all lower taxonomic unit., <see 
§ 17.ll(g) tor exami:,les). 

<h> The "Llst of Endangered and 
Threatened Plant.," is provided below: 
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&p.cle1 

SctenUllc nan,e 

Ag1•1CHI-Aljav1 llmliv: 
Ajla,.. aruonlca .............................................. .............................................................. Arizona egave .................................................. U.S.A. (AZ) ..••... ...•.......•.... 

Allamelac11e-Wal11-planllln lam!ly. 
S.g/ll•IY laflCicu/ala ............ ........................ ............................................................... Bunched ltfowhead........................................ U.S.A. (NC. SC) ............... . 

AmaranlhaceH- Amatanlh lamlly. 
Achyranll>•• rotunda,. .............. ................................................................................ None ................................................................ U.S.A. (HI) .•.•••. .••....•....•.••. . 

AnoonacHe-Cualard•awl• lamly: 
A,lmlna 1•11»_,, ..................................................................................................... fou,-pelal pewpaw ......................................... U.S.A. (fl) ....................... . 
O,,llfinr,oll>amnu, pc,/cMM ... ............................................................................... B11uUlul p1wpa• ..•.•..................................•... . ..... do ............................... . 
Ot,Minpotha"""4 111p•lil............................................... ............................................... Rug1r1 pe•paw ......•.•...•.....•....................•. .... . ..... do ................................ . 

J,.plecNe-P11aley lamlly: 
Ox}-polt• cafll¥ ......................................................................................................... .... CenbJ•• dr-1 ............................................ U.S.A. (DE. 0A. MO. 

NC. SC). 

Apocynec11e-Oogl,- lamlly: 
Cycl•dtHlla humilia v11. joMli/.................................................................................... Jonie cycladlnla ............................................ U.S.A. CAZ. UT) ......•.....•.... 

All1<aceae-Aal11 lamllv: 
Alpyroxf>l>OH11 u~flH up. u~ ................ ..... ................................... ·Atw,ahlna (Maune 1<11 allv11awo,d) ............ U.S.A. CHII ....................... . 
Bwn, ci,na•t• ......................... .................. ................................ ....... .. ......................... Cune111 bldene ...............•.. ...........•......•.......... . ..... do ..............•. : .............. . 
Chtysop>i, lloridanll I •Hlllarolh«a llorlcMne) ..................................... .................. Flollda golden aalw........ ............................... U.S.A. (fl) ...•...•......... ..•..... 
~•oda ltJphroi•uu......... ........................................................................................ A1hy dogwffd ................................................. U.S.A. (TX) ..•.••••••••••.•••.... 
Echlnac•• ,.,.,,.uHnt/1 ............................................................................................ TaMGHH pu,pla cone-....................... U.S.A. (TH) ..•...•............•.... 
EncBoo,: 0 q tM,cJ/caul/t .... rom,g•'········································································· A.ah Meadow• aunrav ................•................•... U.S.A. (NV) ....•••••.•. •••.•.•.•... 
E~ ,.,.(JUl,wl va1. tNglJl,M................................................................................ M1gulr1 daltt ................................................ U.S.A. I\JO ....................... . 
EripBton ,t,;rom•tu. ........... .............. .•...••..•........•.............................................•...•....... Rhl1om1 laabarie .. ............................•.......... U.S.A. (NM) ...................... . 
Grlnrl<>Ma ln•"1clpnll.,,_ .. ...................•.•...........•......•........ ...........................•..... ....... Alh MHdoW9 gumpl&nl ................................. U.S.A. (CA. NV) •.•.••••...••.•. 
f/)',.,.noxy, 141xa,,a ••• ••••••..•••••.••••••••••.•••••••••••••.••.•.•••••••..••••• .•••••. ••••••••••••••.••••••••••.••.•••.• Nona ................................................................ U.S.A. (TX) ., .............•.•...... 
tt,ocha,t• ... nou ................................................•..................................................... . ..... do ........................................ .... .................. U.S.A. CHI) .....•....•.•••.•..•.. .. 
Pityopsl, 1uthll ( •l#la,olf>«4 ,w/1( -~• NW) ............... .. ....•............... Ruu,•1 goldan HIit .....•...........................•..••. . U.S.A. (TN) ....•..•...•............ 
S.,,,.Cio hncl,canua ..•.. .......... ......... ................................ ...... .. ......... ......... ............. .... Sun F11nclaco P1ak1 llfoundHI ................... U.S.A. (AZ) ....•.............•.... 
SolldA{IO short#............................................................................................................. Shof1·1 goklarvod......... ....... ... ........................ U.S A. (KY) ....•.........•........ 
Solldago ,pltha.Tt11H ..... ................. ....... _____ •······••····•·•· ....................... Blue Ridge goldenrod ...........................•....•.... U.S.A. {NC. TN) ............... . 
Stllpl),,nonHHia ,.,.~,;,..................................................................................... Malh ... wlra· latluca ................ .. ... .. ... ............. U.S A. (ORI ....•.. ....•......•... 
1-,,_,,;,, llf)ric4 .•••.•.•..••...... .•. ....•..•.......•........• ....•.. ... ..••.•...•. .•.. .•...•..•......... .. ..•.. ..•. .. ual Chane. lowOMndla.. ............................. U.S.A. (UT) ....................... . 

hfba<ldacaaa- Bltbeny lamlly: 
M•f>OfWI .,,,,,,.;(•8- •) ................................................................................. TrucilM bart>erry ............................................ . U.8.A. !CA) .................. ~ ... . 

B1lulacH1-Birch lamlly. 
B•~ ubat .. ................................................. ............................................................... V1fvl,1la round·IMI bsdl ...................•............ U.S.A. (VA) ...................... . 

BoraginacH1- Bo,age l•mllv: 

Am.a.nckl,o grandillora .......... ..... .......................................................... .. ....................... . 
urge•lowa1ed ldrteneck ............................ .. U.S.A. !CA) .•........ ...•.......... 

B11ufc1cH-Mue1atd lamlly: 

SE.v,:.,.~·~·~············::::::::::::::::::::::::::::::::::::::::::::::::::::~:::::: =~~=~::::::~:::::::::::::::::::::::: 
Bu,ac11e-Bo•wood lemly. 

U.8.A. (CA) .. .................. .. . 
...... do ............................... . 
....• do ................................ . 

Buxu• .-ah/,/ ........ ........................................................ , .......... .,. .. . 
Cactacea....Caclu1 lamlly: 

•- 1•~ • --lt •• ,.,,.,,.,..,,.,..I . e-,.,.,,. ,..,.,.,. ,. ,., • ,1 .. __ ,,,,...1 .. ,, 
va111•1 box"'00d , .............................................. U.S.A. IPR) .........•.............. 
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147 NA NA 

13 HA NA 

220 NA NA 

244 NA NA 
244 HA HA 
244 ttA NA 

217 HA NA 

228 NA NA 

218 NA NA 
141 HA NA 
232 NA HA 
152 HA NA 
48 HA NA 

111 17.etlla) HA t 202 NA NA 
1)7 HA HA Q 111 t7.86Ca) NA 
211 NA HA • 

73 NA NA p 181 NA NA 
137 17.H(a) NA 
201 NA NA '"' 175 HA NA ... 
121 17.80(1) HA ~ 
200 NA NA -i 
71 NA NA "' a. = 31 NA HA 0 

:I ..... 

t78 17.M(a) HA ~ 
44 NA HA I 38 17.98(1) NA 

161 NA NA Q 
:a 
CL 

187 NA NA i 
~ 



•

.. b&lbe<IY 91¾ ..... z.:.f .. g .... ·. " ~", ...................... 
1 

~-11.,oeny lan"r- I .. ..................... ,,... ..:,, .. .. • ,,. ~ 

.. ~~~~.~ .. :::::::::::::::::::::::::::::::.~:.·:::................................. ..... . • ~~•• taoo ....... :..-.................. .. .. ~ IA. N~ ......... ............ . 
El aa I NJ NA .• 

1· 
I 

··- · - · - -lb.---------------------- ·---------· . . ·-- --------
.,,,~.,,,-~ 

A,,""""41, fl'~.................. .......................................... ...................................... LM~llowated li,,J.Jl,,n.dl .. .. ......... ......... .. ...... U &.A. (CA) ....................... . 
C 

E 178 17.116(•1 NA in 
.,__Mualatdlamlr; 

An1b11 ~ ..................... - ................................... ...................................... t.1cOonalcl•1 r0cll-<:1a11 ................................... U.S.A. l(:A) ....................... . 
tiyM1UII ~- w11. ~laA.m ........................................................................ Conlra Co11a w1Ullow11 ............... ...... ........ .. .. .. ... do ....................... ........ . 
~ ~laA.m----····················· .. ········· .. ····· ... · ... · .................. Slendel"9"w..l muowd ............................... .... .. do ...... .......... ...... .......... . 

:!'I 
E 44 NA NA .. 

:r 
E 38 11.1111{1) NA 

A E 158 NA NA :a 
A. 

a...ac.a.-8o>lwood lamllr-
a.- tMNil ... ·- ·····----··· .. ······ ...................................................... .. ... .. Vahl"1 boiwood ..... ..... ... .. .......... ... ........ ... ... .. ... U.S.A. (PR) ...................... .. E 181 NA NA ~ 

Cal:laeu.-C.-~ And,_._. IPblM<:hl (-E~ &, ~ ti ............. - ................ Tabuacll llhl>ooll C&Clue ............................... U.& A. (T)() .......... .. .......... . 
C.--~ •11. ~ ----·----············ ... ····· · .......... . F1allf'an& priclJy-apple----..... .. .... US.A. (FL) ...................... . 
C..- Klbini---- ----••"• .. - ···- ········ ....................................... K~ IIM-Caelua ............................................. U.S.A. (HI, Cuba ............ . 
~ IIINIY (-C ~~,a, ~ ,a) ..... ....... .. , ..... ... ~ co,y caclul ...... ........................ .... ........ U.S.A. (TX) .................. ... .. 
Cot)pllan.._ 1M111bU ------·----.................................... Bunched co,y C&C ...... ................................ ... U.S A. (TX), Ma>Jco 

(Coanulla). 
~ /Olll>h,o,VII ,-~ r., E~ 1.) .. ......... .. ............... ........... Coa... plnCulllion UCl&II ... ... .................. ... U.S.A. (All. M1Klco 

(Sooo<a). 

~ 
E IO NA tlA ;: 
E 204 NA NA 
E 153 NA NA "' • E 11 NA NA ] T 11 NA NA 

T 214 NA NA :i .. • Cot)p/lanlM ww«li/ v11. i.lill (-£-. t. ~ t ) ....................... - ... Lee plflcuehlon uclua. ................................. . US.A. (NM) ...................... . 
~ .,_. v11. 11-'ii (-£_,,..,.. a, ~ a1 ...................... S<lMd plllCUahioo C&CIUI ............. - ............... U.S.A. (T)(, NI.I) ............... . 

T 11 NA NA ::!. 
E 12 NA NA Q .. 

E~ ~ vw. nkholil .................. ............ ........ - - ---1 Nicld1 TUfk•o Nad C&CIUI .......................... U &.A. jAZ) ...................... .. E 11 N" NA 
Eaiinocw-~•11. ~ ........ ________ ~ljlloed hedi)ohog c.octua ................... U.S.A. (Ul) ...................... .. E 58 NA NA 
Edlinocw- M/dld vii. ~ (-£ ~ £ ~ ul aulll<n. l(ua,w., ~hog uc.lua ...•• - .................... U.S.A. (Nt.l) ..................... .. E 10 NA NA 

nolF~). 
Et:l>Jnocw..,. IID,di(-£ to.n.rlv11. t) ..... _____ ----·· Lloycf1 IWldgehog cacl&la-----... U.S.A. (TX} ................... .. .. E 11 NA NA 
E~-~ 1111 • .-II (- £. ~ .... ......................... 8laclL ~ caciu1................................. ....... . .. ... do .. .................... ........ .. E oa NA NA 
Et:lw>ocw- ~M 1111 • .,;,ooa.. (-£ ~) ............................. Attzona hedgehog cac .... .............................. U.S.A. (Al) ...... ................. . E u NA NA 
~-~._.vii. nMnlM (-£ _,.,.._ v11. I.. £ ~ ~ 1-..dgahog caclua ..... ..................... U.S.A. (CO, Ul) ...... ...... .. .. E 13 NA NA 

-.-.11. L). 
E~- ..,..,..,._ v11. do.ul (-£ dl.wl ................................................... Davia' II'•"" pilaya ............ ·--- - ··· .. U.S.A. (TX) .................... .. E II NA NA 
NM>lordM ~ (-£~ ... /11., Ecllinotrwu 111.) .... .. ........ ........ ... !Jovd'• 1,1.,opo .. caciu. ........ ..................... U.S.A. (TX), Mexico T 11 NA NA 

(Coahuila). 
P,odbuc._. ln<ti I- TllUIW)'ll ti. l ................................. .................................... Btadf plflcuehlon cac-.. .............................. U.S.A. (AZ) .......... ...... ...... .. E 13 NA NA 
lwdio&M:iu. Wwllanl (-P. Ind;'/ 1111. k. Tounwya k.) .. ........ .............................. Knowllon caclUa ...................... ................ ...... U.S.A. (NI.I, CO) .............. . E 12 NA NA 
~,w ~VII. ~ (-Edwlo<:acu p. , N.~~ p., P~• Navajo C&C"'-................................... U.S.A. jAZ) ...................... .. E 18 NA N., 

TOUNy. p., lJlalll,a p.). 
Pedou,t;u .-t (-£~ a. IAllltla &) ..... ......................... - ..... ............... SIie, plnculhlon cac .... .................................. U.S.A. (Al. Ul) ............... .. E .. NA NA 
Sc:.lerouct.w ~ (-Echlttou&u /1. E . ...,i,gJ.t~ E. ~ \Ill. /1, Ulnla Balln hooklHI C&Clul ........ ..... ... ......... U.S.A. (CO, Ul) ............. .. T 68 NA NA 
~W /1, .ll .. ~$.~VII. ~). 

~u --di• (.Colo,...,. m., EcllinocM;tua m., ~-- U.11 V11de u,iua ....................................... U.S.A. (CO, NM) .............. . T 16 NA NA 
/11.), 

.SC.WOC.C._. llfilhdl• I -~u w. ) ··········-······· ··········· ·················· ............ WtlQhl bhhool< caclUI ...• - ............................ U.11.A. (Ul) ..... . .............. .. . E 68 NA NA 
&00 

~~tamlly. -SchJMIH MAAnlolnlif .............................................................. ......... ..................... ..... Diamond Heed~ ............................... U.S.A. IHI) ................... ..... . E 141 NA NA :-,. -..a 
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Sclenllllcneme ~- ttelO<lcrenae 

~ .. ,!;..°=!~.~~ .......... _____ ............................. I Ame,goj nlle<W011 ....................................... 1 U.I .A. (CA) ..................... .. 

0.tac.a.-RocluOM lamlly. 
,.,,,_. ,nonw,a _____ .......................................... ____ . .......,lain golden heather----....... , U.S.A. (Nq ....................... . 

Cra1~ .. .-Slon«rop lan-,y: 
~ noAio. ................... ___ .............. _, ____ ......................... , Bania Blllbata loland llvelor- .................. , U.S .A.' (CA) ....................... j 

Cucultlllaca .. --Oourd lamlly. 
11mamoca ""'cdoupa/11 .. ............. ....... ........... ----· ........... ...................... , Tumamoc globe·bwrf .................................. ... , U.S.A. (AZ), MaJdco 

(Sooo!a). 

Q,p,NMCM~ ... tan-,y: 
....... ·-····--·········· .... -."--.......................... ~ .. , OlllMn lalN latch (-ale<ca) ..................... ... 1 Chlla, Arvandna ............. .. FillTOya a.JX9-•----· 

o,p.racaa.-Sedge lamly. 
C.,,,11 llp«Uk:ola ......................... _ ....... _ ............. ____ ........................ , None .................... _____ _ U.S.A. IAZI ........................ 1 

EolcacH-HHlh lamlly: 
An:""1~ pu,,geM va,. ,_,,, _A. hooll-1 Np. la>WIII .......................... J Pralldlo (-R1ven'1) manianlta ................... ~ U.S .A. (CA) ........................ 1 

Rhoduc»tlekon ~ ......................... ............................................ Olaptnan rhodod41ndron .. .. ............................ , U.S.A. (Fl) ....................... .. 

E~~-=I <MlfoloN ..... _..... ___ ___ ........... Spu-ga ............................................................. 1 U.S.A. (Fl) , 
E,plOfbla c-a..,,,.•')CWI f>MNrl ..................... _ ................................................. None ............ .. .... .. ..................... ...... do ................................. 1 ~= :.::...~~~.:.~~~:: .. ·::::::::::::: ..................... :::::::::::::::::::::::::::. ~:~::~~:.;:;;:::::::::::::::::::::::::::::::::::: ~~ :.: ......................... i 

fat>acaa.-Poa lamly. 
~ aw>ull,,., .......... ... ......... .......................... ___ ................................. Ct..-..lata le~ ..................................... .. U.S .A. (fl) .. ..................... . 
A1ng.w humill/m.,. ................................................. ·----....................... M1nco1 mlk·••lm-----............... U.S.A. (CO, NM) .... __ .. .. 
A•ng..t. ,_i,,,,.,. ...................... _ ........ ........... ___ ___ .......... - ...... Ry-g mlk-vatch ................... ~ .................... U.S.A. (UT) ............ - ..... .. 
A~hll..t.. pho«a ......................................................... _____ ................. Aeh Maadowa mllll•vak:11 .............................. U.S.A. INVl-----1 
Bapti,Ja •,.chnlr .................... -.............................................. ................................... Hairy r1lllewMd ....... ... ................. ............ ....... U.S.A. (GA) ...................... . :~~~"::~·;;:;;~:::::::::::::::::::::::::::::::::::::::::::::::::::~:::::::::::::::::::::::::::::: = =~·:::::::::::::::::::::::::::::::::::::::::: ~:::~ ~~·::::::::::::::~:::::::1 
LolW ~ Hp. hlAJH C-L .......,U Np. 0 ....................................... San Clemente l1!and bfOOffl .......................... U.S .A. (CA) ...................... . 
~ , • .,.-.................................................................... , ........................... Uhluhl ................................................................ U I .A. (HI) ......................... , 
Vlolol m«u/,,1 ..... ............... _ ............... _______ ............... ................ .. . Hawallat\ vak:11 .............. ____ ................. do . ____ _ 

frenkenlacaH-Fn,nhnla lamly. 
F,.nA-""Johnalool ........................................ ____ ....... - ............................. Johnaton'a .. .,,hnle ............ _ ..................... U.S.A. (TX). Mal<IDo 

(t.uevo Leoni. 

OontlanacHa-Oenuan lamlly: 
c.nt•uriam ha~ ........................................ .............. .......................... .... ......... 8p,1ng-c""9 cantaury ................................... i U.I.A. (CA. NV) .......... , .. .. 

OoodanlacH.,_Ooodanla lamlly. 
Sca•K>ia oorl.c•• .. ................... .. .. .................................... ......... ................................. o...t neupaka ................................ ................ 1 U.I .A. IHII----

Hydrophylac .. ,-wa1 .. 1a,1 lamly. 

' z::c:;: :=..:::::::::::::::::::::::=::::::::::::::::::::::::::::=::::::::::::::::::::::::::::::::::::::::::::: ~:,-;;;;.-::::::::::::::::::::::::::::::::::1 ~:::1 ~, .......... -........... ! 
hml1c .. .,_~lnl IIIITllly: 

-Sia- I ""- I Cnclcal I &pacial -M lated llabllal rulH ~ .. 
N 

E 111 17.N(I) NA 

T 107 17.N(I) NA 

E 38 NA NA 

E 22t NA NA 

T 78 NA NA 

T 171 17.N(a) NA 

E 15 NA NA 
E 47 NA NA 

fi . E 182 NA NA 
T 182 NA NA 
E 120 NA NA t 

ti 
E 154 NA NA 

s E 182 NA NA I. 
E 117 NA NA p ··.~ T 3U NA NA 
T 111 17.N(I) NA 
E 38 NA NA -, ... 
E 182 NA NA -

I 
E 208 NA NA p 
'E 21 NA NA -E 238 NA NA 

= E 3U NA NA ~ 
m 
A. . I' EI 1u I NA I NA :: 
0 . f ~ ' _, • 1 .... 

'. ~ 
u~11m~vli 

TI 111 I 11.M111 \ NA ~ 
:JI 

EI ml NA I NA ~ 
D 

:1 •• 1 :1 NA i 
111 NA 

~ 
..,. ___ 

!ll~IDJPlll~~-f I 



·~ .......... -••·---·-··---········--···--········ 

··~~-:t..~ ·--········:··· .. •·········:··:.:: .... ::::::.:.::.:~: ......... ::: ... : .......... \ ~-1 

.~ ......... ,..tl .. 3..2.., ~-~~ 

·-·- -·--·- ·· ·--·· · 

...... , a,,........_. 
~~ .................. ·-···.. . ........................................ . llmltkM>e --.,., .................................. 1 U.I.A. ICA. HV) ... ......... ... . , 

Ge 1 -I OctcctonAI IAmly. 
~-············ .. ······----····· ...................................................... ( o..wt -..,.,.. .......................... .. ................... ~ U.I.A. IHII ••······················· 

~Walelt.allAll'lly. = =----.. ···-.. ···· .................. :::·············· ........................ j ~~~::::::·:::::::::::::::::::::::::::::::i ~:::~ ~ ·:::::::::::::::::::::::1 
1.amlau .. -Mlnl IAmly. 

Aun11totni>iM oioov.,. Njl. ~ ._ .. ________ ................ .. &an Maleo llo,nmlnl ...................................... U.S.A. 1cA1 .............•...•...... , 
Dk>wandr• ~ .......... ·--···· .. -· .......... .. ......................... - ............ c...... Longapuned mini ............................................ U.S.A. (Fll ........................ . 
~ .....,._,.. ...... Scrub mini...................................................... .. .... do ································· 
~ ~,... . ................ lakela·• IIW1l ----·······---· ...... 00 .... .................... ........ i 
Haplt»~ ~-· ~'- - - --------! None .................................. .............................. U.SA IHII ........... .•............ 
H«»omll ,tpailaun .. . ................................... McKJnricll paN¥oy .. .................................... U.S.A. (TX. NM1 .........•....... 
ll«»otnll -.1 ..................... ___________ ................ r-.•a peN¥0)'al ...................................... U.S.A. (NM1 ............ ......... .. 
~ II/JfanMI ........... ------------········- .. ·· San 01-ao maaa mini ..................................... U.SA (CAI ...... ..... ..•... .. ..... 
~ - ··· ...... u,~ .... ..-ed alwllcap ................................. U.S.A. (GA.THI ....•............ 
~ ~llblia - · ~ ----------....... None ................................................ _ ............ , U.S.A. IHII •.•.••.........•....... 

i.----La&.-ellarnlly. a Uld,q----------------·----·1~····························----···IU.~~~·:/;:~~. 
ui.cue ~ larnlly. 

E,y/hror,i.,nl~ ···1 Minneoola •lklt 11V .•••••••••••••.•.•.••••••••••.••••••••. j U.S.A. II.IHI ............. .. ....... . 
~ - ·---------------···-·· Hatpe(a beaul-, ...•.••.•. .. .•......•........ - ............ U.S.A. lfl) ........................ . 
Ttilli.rn ,,.,..,,_ ........ ____________ ····•-···· Pe<alalwll •llllunl............................................ U.S.A. (GA. sq ............... . 

-----------···········1 All\ U........ bluinQ alal .......... .................. ~ U.S.A. INV) ....................... . 

MaN-Mallow larnllt: 
Alludlon ~ ................. ·-----·-.. ····•·•··· · .. -----.. • Ko•o11.,a•u1a ....................................................... U.S.A. (HII ... .................... . . 
c.Jlktlt»~-----· .. ·· .. ······-----················ ..... .... Te .. apoppy-mallow ....................................... U.S.A.(TXI ...•..... .......•....... 
~j,lu dlalAM-----------.. ----········ Kauai 11au lwalwll ....... ................. ............... . U.S.A. (HI) ........................ .. 
lli&tMI ocnl·---------------.. ·-············· Pele(a t.lounlaln malkl,ol ..•...•. ... .....•••••••• ·-··· U.S.A. (VA) .. ..................... . = ~ ............................... ::~··- .............................. ==·· .~;;.;:;.:;···;··~:;~···;;;;·· ~:~:; .~~.:::::::::::::::::::::::::! 

collonl. 
~~• - ........................ &ana..-i.land~malow .............. U.I .A.ICAI ....•.•. .. .•..•.....•... 
~,__. _____________ ............................ Peda .. ~--mallow ........ ___ __, •.... do ................................ . 

~e-f .... -o•clod, lalJllv: 
Ult&biila maclarlaMI., ....... -----· ·- -----·······•·•··•············' Macflllene'a 1ou1-o•clock ......•.....•. -··-··········I U.S.A. (IO. ORI ., ......•........ 

:· . -. _: . t' ~ \ ... ~ . • . ' . ' . ' . . 

. · • I • ,t r-,. .. • , . ;i .•. , ... . I ·~r.· · ,'. · ·tS\-" .. ···· "' ,.- ,, '.1:, ,,.( .... i ., ·.;_t, . . :1. ·•· ·~.,.. .•. .,, , •... 
'!:k i . .. v, ;••- .,~i. ~.., -... ... ,-_:_:~! . .,. .,_~o; ~"f. • .. (? 

·1 

"I ,6~ I NA I 

T 111 I 11.IIOl•I 

E 

E 
E 

231 

44 
121 

E 204 
E 201 
E 201 
E IIO 
E 13 
T Ill 
E 110. 112 
E 44 
E 234 
E 13 

E 240 

E 221 
E 61 
E 3i 

T Ill 

E 243 
E IOI. 112 
E 225 
E 230 · 
E 14 
E 181 

E 2e 
E 1151 

i .. 

NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 

11.86(a) 
11.86(•1 

NA 
NA 
NA 

NA 

NA 
NA 
NA 

11.IMl(a) 

NA 
NA 
NA 
NA 
NA 

11.i6(a) 

NA 
NA 

NA 

NA :i: 
0 
:a .... 

NA ~ 
:!I 

NA ~ 
D 
:a 

NA A. 
NA 

~ 
..... !i; 

:.: NA • NA 

"' NA • NA } NA 
NA ;-NA .. 
NA • ~-NA 

0 .. 
NA 

NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA --NA :-a -w 
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f:,. \· 

.... 
0 
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ap.ciee 

~•t1cname eor-name 
Halorlcrange 

Oneg,-•- E••nlnQ·p,lnvoM lami1: == =f~::~::::~:::~::::~=:~::::::::~:~::~:::::::::::::::::::::::::::1 !?~=-~ :::::::::::;:::1 ~~~= :~::::.~::::::::::::: 
0rchldec .. --oc:Nc1 1em1y: 1 Small wllori..:t pogon1a ....................•.•.•... _ .... ,_,. ~. ··············-·················--·····························-················-········ U.I .A. (CT. It.. MA, MO. 

Spn,,11>,11 ,,.,.,,·····- ····-·······---------···········- ··········· 

Papav.,•c•aa-Poppy famly. 
Air- hum/lM ...••.............•..... ·-······-·- ·-··-- - - ········· ...................... . 

~•...-.f'!Mfamly. 

Navaeola 1a11ee• ........ ···························--

ME. Ml. MO. NC. NH. 
NJ. NY. PA. RI. &C. 
VA.. VT}. Canada 
!Onll. 

U.I .A. (TX) ·················-···· 

Dwalf l>Mt~······· ·········· ·-·····-··· .. ······ .... ~ U.S.A. (l/Tl .... ·-······-········ 

Abin ll'M'",,,.,.,,._ ······· .. ··-........................... -.-· ........................................ _ .......... 1 Guatomalan ., (-pnabet•I ••········-········-··~ Me>dco. Guatamala, 

Poaceoa-Grau fon>lly: 

~u. El 
llal,,ador. 

E~#=~;~~~:::=:=:~:::)ii~i~iiiiiii~iiij~iii~f [¥E;~ii):~ijii~~:~~)i:i:iirng i ~i:i~:~~:~~~~:· 
Polygolacaaa-Mllkwoft famly. 

•g~-==-==::==:=:====:='.~ l ;,;5======l ;;~ ; :::::::: 
Pm>ulac•H- PrlmrOH lamly. 

ii~~~~::::~=;~~==~~~~~]~~:::;~~~~;~~ 
RhamnacHa-Buckthom laml!y. 

Oouatlla -.ndll ................................... ................................ ·-- --······.J None .. - .. ·-····--·········-·- --~ U.S.A. CHQ ............. ·-········ 

RouceH- RoN l1mlly: 

E:~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ==~:::::::::::::::.::::::::::::::::=1 ~:::~ $,:~:::.::::::::·• 
Aubl1r. .. e- eon .. IAfflllr: 

01/'CMnia t,,~h.lml ..................................................................................................... Na·u (Hawaiian ga,~1 .............................. 1 U.I .A. IHII ...................... . 

RulacH a--Oltua lamly: 
Z1nlhoqlum lhxN""""" ··•-······· ............ _._ ....... _ ............................. _........... 81. Thomae p,lcllJt• lh ............. , _ _ _ , U.I.A. IPR. VI) ................ . 

-s.. I ~ I Q1tlcal I llpeclal 
... 

.,_ leled llabllal rul .. :-,. ... .., 
T ua 

17.N(;, I NA 
E H NA 
E 38 NA 

E ,u NA NA 

E ,,. NA NA 

E 11 NA NA 

T 14 NA NA 

E 44 NA NA 
E 133 11.N(aj NA 
E 31 NA NA 
E 31 11.N(•I NA 

EI 1e2 I NA NA t 
Q 

T I 110. 111 I 17.N(aj NA -E 137 NA NA p E tit 17.N(•I NA -
" TI '"' NA NA ... 
p -

i I ·:I :I HA i NA 
NA m 

9: 
EI ·111 I 17.N(aj I NA 

: 
0 
:I ..... 

C 

! I , .. I NA I NA 

"' tit 17.lle(a) NA 
ICM t7.Ml•I NA :n ;. 

EI , .. , NA I NA D 
:a 
IL 

EI 11, I NA I NA ! 
a. 
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------------------- - ···- ·--· -.. --
fl...acea.-ftoM l&ml¥ 

Qi,,,ani, ~ ........... _ .................... _ ......... ......... _ ...................................... AIU4N c.llllro.e ........ .... : ••• _ ........................... U.I A. IAZl .... .................. .. 
,.._ .,~ .............. ___ ....... ........ _ .............................................. Allh M..o.;,wa t,,elle ....•.•...•...•.....••.•.•••.•..••.. U.8.A. (NV) ..................... . . 
l'olMlliMtl ~ ··------····· ............. _ ........................... flOblllna' anquelol ................. .... ................... U.8.A. (NH, VT} ............... . 

~IIHlafflllw: 
G.oe,,. ~ ......................... _ ..... - ......................................................... __ Na'u ~ ga,~ ............................... U 8.A. IHll ........................ . 

Rouceo..-<:IINe 1am11y: 
.bnftOqt.nl ~ ... - .................... _ ....................................... , .................. Ill lhomaa pnuly- 11h .............. .......... ........ U.8.A. (l'R. VI) .... ....... ..... . . 

~~ lamllw: 
s.,il&ln • .,..,.,..,_vii . .......,_ ........... _ ..................... ·-·········•····•···· ..... Lanai und&lwood OI 'lllolll -·-·· ................... U.S.A. (HI) ....................... .. 

8&rr~pl&nl~ 
.s.n-,i. ~ ....................... _ ........................ •-············•···· ..................... a,_, pllchel pl&nl ............... ......... ·-······ ..... U.S.A. (Al. QA, TN) ....... .. 

..... ~... Sullrege lemly. Fu-~----~------.............................. . ~ .. ~ -----f U.S.A. tFL. SC) ................ . 

~~~ 
CM~~.-. ...... ------ --········· ........................ _ .......... San Clemente llllend Indian peinlllNIII ..... .. US.A. «('..A) ......... .. ............ . 
~,,..,.,... oep. ~ ·-············ .. ·····-·-..... 5611 ma,111 twcfo-oeu .......................... - ....... US.A. (CAI. Mtllk;o 

tBoja CtlllOmla) . 
.,_. ~pun,u Pllma~oc:led twch-oe&II----· U.S.A. tCA) ....................... . 
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REFERENCE 20 

Memo to file from KH Cramer regarding Personal Communication 

with M Gillum concerning Richland City Well Data, August 6, 1987 
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FILE NOTE 

.pate: 

By: 

Re: 

12/23/87 ~ 

R.O. Stenner RD 
Telephone conversation with Michael Gillum, City of Richland, 
Regarding Kennewick Intertie on the Richland Water System. 

The Kennewick intertie on the Richland water system is an intertie that 
services both ways (i.e . , Richland can receive water from Kennewick and 
Kennewick can receive water from Richland). 

The Kennewick system would not have the capacity to service the Richland 
system as an alternate water supply. Michael said that the Kennewick 
intertie is only used during problems with the system during peak irrigation 
demand periods, and that the Kennewick system would not have the capacity to 
serve the Richland system should something happen to cause the Richland water 
system to be inoperative. 

The 300 Area intertie is a one-way only intertie for the 300 Area to 
receive water from Richland. The Ri~hland system can not receive water from 
the 300 Area intertie. 
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MEMO: To Fi 1 e 

DATE: 8/6/37 

FROM: K. H. Cramer 

SUBJECT: Personal conversation with Michael Gillum 
Regard Richland C1ty Recharge Wells and Water Supply System 

There are 14 recharge wells that are within 3 miles of the Hanford S1te 
boundary. These wells have depths that range from 40 to 134 feet. The 
recharge well system is part of the city's overall water supply system. The 
recharge wells are designed to be used in conjunction wi th the Water Suppiy 
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 it 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. 

so~ Hn1s1 

MICHAEL GlLL:.JM 
1n,cmt c:,;-•!1· 

U11111y ~,u:ar!Qr. ;,..= 
'1'1tlf & '~Ull UUilhC.I ~~•rt:rtt"'f 
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CITY OF RICHLAND 

A. P:1'.JCCCl'ICN 

nie City of Ric."llar.d's ....ater su;:ply cares -fJ:an tt,'O irajor scurces: 

l. Water Treat:rent Pla."lt: 'll'.e Water ~eatrrent Plant uses the "Micro-
Flee" precess for wat:er t:reat=-ent (see at:tac.,ed flew diag.:-a:n). Its 
present design prc::duc:tion capacit:J is 30 million gallons ~ cay. n,e 
plant can l::e expar.::ed to a tI2Xim.:m ~..ion capacit:J of 45 ~Q. 

2. Wells: 'Ihe 18 wells a...-e lccated in five well fields. 'the total 
production <:ar<d ey of all the wells is 18 • 2 ~. 'Ihe North Ric."lland 
well field ~ter is recharged artificially t.-i.rcugh the use of 
.recharge !::a.sins (see attac."'m'e."lt). 'n°'.e wells are recha.r;ed t.-..rcugh t.':e 
m::nt.'is of April to N::ivem::er. 

'Il:e ~...ii:n ca.;acities can be smrrari::ed as follo...s: 

Scurt:e 

Colutrbia Well Field 

Cu.'<e i'1e.ll Field 

Nor:.'1 Ric.-u.a.-,,d Well Field & D-5 

Wellsian Way Well Field 

Willo.-,'brt:Ok i~ 

Water Treat=e..'lt Pla."lt 

B. sm:tn.cz 

# Wells 

l 

2 

11 

3 

l 

18 

Ca:acit:v 

0.8 ~-m 
2.0 ~-!G) 

ll.O ~Q 

3.0 ~ 

1.4 t•Q 

30.0 ~Q 

48.2 :,'Q 

n-..e Cit:'J of Ric.ltla.r.d' s water syste.'!t r..as a water storage capacit:',l of 23. 67 millic."1 
gallcns. n-.e major elevated st:c:=a.ga, a five anc. te.'l rnillic:i. gallc.-i. rese.."'V'Oir, is 
lccat:..ad we:tt of t.'1e Ya!<l.7a River. 'Il".e ctr.er ele'l/at:--:i s~raga c::.-i.sis--....s of five 
ac::iticnal resa:;oirs, wit.'1 a capacit:"J of 4.47 million gallcns and a:e also l~t:e::. 
~-est of t:.':e Yaki...a River, ser":inq t.i.:.a Eac;er ~1::'Jntain Area. Water :==n t."le :-:!!'ai.n
ir.g rese-"'V'Oi.=s is ptmt;ed into the systa-n by b::c??t:er ~s. 

Storage can i:e St...-r:rari::ed as follows: 

Storace 

T ... 'O (2) one-million gallon resa_.-,,,-oi:s (1182) 

Five million gallon rese..""VOir 

Te."l million gallon rese?:VOir 

Water -r=aat:re.-1t Plant Clear...ell- reservoi.: 

Tapteal I reserroi= (reser,-oir n l 
T:i;;~ r res.:rroi= (rese..""VOir ;2) 

· Tapt:ea.l II :::-eserroir (reserroir Hl 

Ta;,teal II rese.rroi:' (reservoi: ;2) 

Comtry Ric:ge rese..""V'Oi:' 

L~ PresS"..!:'e 
Zcne 

ca::2citv 

2.0 M:; 

5.0 M:; 

10.0 !-!; 

2.2 M::; 

0 . 75 ~:G 

2.6 1·r.:i 

0 .!3 t~ 

0. 7 /·!:; 

0.24 ~r; 

23. 67. !·!; 
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C. TR.r...'1S!ISSICN 

All wate: transmission lines, 10" or large:, are sho:,.n en the utility map of tr.e 
City of Ric.ltland. n-.e ttajor transmission lines are sho,.n on t.~2 attached facil
ities lo::ation map. 

O. l?RE:SSORE ZONES 

'Ihe City of Ric.~ has three pressure =es: 

l. Richland City core area. 
2. Badger M::luntain/MeaCQ'.{ ~~gs area (area west of Yak:ilra River) - Tapteal 

I pressure zone. 

3. Bal::;er M::luntain/~ Springs a.re.a (higher elevations west of Kea...ne Frad 
ar.d E=Ot"..icn of Kills West area) - Tapteal II pressure zone. 

'Ihe Bacqer M:ultain/Meadcw S!:)rings area water is~ f:an the Richl.ar.d City 
core pressure zcne to t.'i.e higher Badger M::luntain pressure zor.e. 'Ihe 1:::ccster ~ 
station for t.'i.is zo.,e is lcc.ted at the five and ten million gallcn rese._..-voirs • 

n-.e t.1ii...-d pressure zone is su;;ilied by (1) a pu:::1?ing staticn off High ~~"'-'S 

St:=eet and o=e.>1tly serves t:-.e rrajorit:y of her.es oo !-';gh t1eac:C-..1S St..-e!t, H.i!.l•;iew 
Drive ar.d all hares west of Ol:c:.~ ~ on orc."-.ard Way ar.d Gree.>1view Drive, ar.d 
(2) a ~ir.g station on Keo..r.e Road at C..-i.mt..""Y Ridc;'e a."'ld sarves the C...-i.mtrJ Ric:;a/ 
Kee.rie Village a.re.a. 

--
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North Richland Well Field 

Well f 

3000-A 

3000-B 

3000-C 

3000-0 
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3000-E 

3000-H 
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3000-L 
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Well '.I 

1100-8 

1100-0 

Field 

Deoth -
88' 

87' 

64' 

75.3' 

61.8' 
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40.' 
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- 120· 
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FlGURE II!- 4 

300 Are! Intertie 

NORTH RICHLAND 1ST ST. 

WELL FIELD 

DUKE WELL 

~ WATER TREATMENT PLANT 

COLUMBIA WELL 
• 0 .. .. 
? ; 

• 1182 Reservoir: .. .. . . . " • .. ... 
I 

• • 

Tri-City Estates 
.. \ 

Kennewick E~ergency 
Interties 

Taptea 1 I I Reser,o i r ----...g 4"'0A0W0OR 

...... J ~ a. . 
"

000

•• l "-HILL0WBR00K '.~ELL 

CITY OF RICHLAND 

WATER SYSTEM SOIJRCE and S70RAGE FACILJTT£5 
L.OC.a.TTON MAP 
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REFERENCE 21 

Draft .Phase I Installation Assessment of Inactive Waste-Disposal 

Sites at Hanford, Volume 2 (HISS Database) 
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SITE ID 00.: 216-N-1 

ALIAS: 212-N SWamp, 216-N-l swamp, 
STA'l'US: Inactive 
DIMENSIONS: 

t.en;th: 
Wid'th: 
Dep'th: 
Diameter: 

500 ft 
100 lt 
3 tt 
0 t't 

LOCATION: 200 Nor'th 

216-N-l Covered Pond 

COORDINATES: Head: N53700/W65050 End: N54125/W6547~ 

SITE DESCRIPTION: 

Pond, measurinJ 500 tt. lccg X 100 tt. wide. 

SERVICE DATES: 1944-1952 

SERVICE HIS'I'ORY: 

FACILITl: Pond 
EtEVATION: 567 ft 
~: l 52 ft 

Fran 1944 to 1952 the site received the basin overflew trcm the 
212-N builclin;. 'nle site wss retired in 1952. 

REE'ERENCES: 
Documents: ARH-2806, RHO-CD-673, HW-~5176 
Photographs: 122440-29-CN 
Drawings: H-3-~7210 
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SITE m NO.: 216-N-l 

CHEMICALS DISPOSED 

TOTAL VOLOME D.£SJ?OSED: 946000000 Liters 

H-3: 
C-14: 
MN-54: 
C0-60: 
NI-63: 
KR-85: 
SR-90: 
Y-91: 
NB-95: . 
ZR-95 : 
TC-99: 
RU-103: 
RU-106: 
SN-113: 
SB-125: 
I-129: 
CS-134: 
CS-137: 
CE-141: 

No c:hemicals disc:har;ed. 

RADICNOCLIDE INV::NTORY 
(in curies) 

0.00000 CE-144: 
0.00000 PR-144: 
0.00000 PM-147: 
0.00000 EU·-152: 
0.00000 EU-154: 
0.00000 EU-155: 
0.00000 NP-237: 
0.00000 PU-238: 
0.00000 PU-239: 
0.00000 PU-240: 
0.00000 PU-241: 
0.00000 AM-241: 
0.00000 TJ-233: 
0.00000 U-235: 
0.00000 0-238: 
0.00000 TH-232: 
0.00000 BETA: 
0.00000 ~A: 
0.00000 ALPHA: 

0 . 00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
o.ooouu 
0.00000 
0.00000 · 
0.00000 
0.00000 
0 . 00000 
0 . 00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 . 00000 

Although used for radioactive waste disposal. no inventory is available. 

These values~ decayed through Aprill, 1986. 
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SI'l'E m m. : 21s-N-2 

At.US: 216-N-l Trench, 
STATUS: Imctive 
DIMENSIONS: 

Lergth: 
Width.: 
Depth: 
Diameter: 

50 ft 
10 ft 
7 ft 
0 ft 

tccATION: 200 North 

216-N-2 Trench 

COORDINATF.s: N55485/W65788 (Center of crib) 

Sin: DESCRIPTION: 

FACILITl: C:-ib 
ELEVATION: 518 ft 
WAT!R!'ABLE: l 73 tt 

Trench, measuring 50 ft. lcn; x 10 tt. wide (bottom dimeMicns), 
with. a depth. of 7 ft . 

SERVICE DATES: 1947-1947 

SERVl.CE HISl'ORY: 

Fran 3/47 to 4/47 the site received the basin water and sludge 
cleancut when it W!IS drained tor special tests. 'nl.e site \es 

retired in 4/47 and the trench badctilled. 'l1'le waste type is low 
activity. 

m'ERENCES: 
Ooc:\.lments: ARH-2806, RHO-CD-673, HW-55176 
Phcto;;x .q:iJS: 122440-30-CN 
Oraw'.ng:s: H-3-57210 
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SIT! m NO.: 216-N-2 ( 

CHEMICALS DISPOSED 

TOTAL vot.tK DISPOSED: 7!570000 Liters 

No chm.ic:als discharged. 

'!~ RADIONCCLIDE nMln'ORY 
~ (in curies) . t.J? 

f c:l 
" co ,_ 

H-3 : 0.00000 CE-144 : 0.00000 
I c--,..,,J C-14 : 0.00000 PR-144 : 0.00000 I r-,n 

...... rl!IJ: MN-54 : 0.00000 PM-147: 0 . 00000 
I ......,.. 

C0-60 : 0.00000 ED-152: 0 . 00000 0-,,. 
NI-63: 0.00000 m-154 : 0 . 00000 
KR-85: 0.00000 E:0-155: 0 . 00000 
SR-90: 0.07S40 N?-237: 0 . 00000 

C Y-91: 0.00000 l?U~238: 0 .00000 
NB-95 : 0.00000 PU-239: 0 . 00000 
ZR-95: 0.00000 l?U-240: 0.00000 
TC-99: 0.00000 PU-241: 0.00000 
R0-103: 0.00000 AM-241: 0 . 00000 
RU-106 : 0.00000 U-233: 0.00000 
SN-113 : 0.00000 U-235: 0.00000 
SB-125: 0.00000 0-2:38 : 0 . 00000 
I-129: 0.00000 TH-232: 0 .00000 
CS-134 : 0.00000 BETA: 0 . 31600 
CS-137: 0.08560 GAMMA: 0 . 00000 
CE-141: 0.00000 ALPHA: 0.00000 

'nlese values are decayed through April l, 1986 . 

--

---"· 
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srm m m.: 216-N-3 

ALIAS: 212-N-2 'I'rench, 
ST.AnJS: Inactive 
OI?-1ENSIONS: 

Length: 
Width: 
Depth: 
Diameter: 

50 tt 
20 tt 
6 tt 
0 tt 

LOCATION: 200 North 

212-N-3 Tr!!nch 

COORDINAl'ES: N55455/W6583B (center ot crib) 

SITE DESCRIPTION: 

PACILITf: Crib 
E.t.EVATION: 518 f1: 
~: 173 f t 

Trench, with 50 tt. long x 20 tt. wide bottom dimellsiom, with a 
depth ot 6 tt. 

SERVICE DATES: 1952-1952 

SERVICE HISTORY: 

Fran 5/52 to 6/52 the- site received basin water and sl\Xlge 
cleancut from the 212-N buildin; ~ the area was shut dc:Ml. 
The site was retired in 6/52. 

~: 
Documents: ARH-2806, RHO-CD-673, HW-55176 
Phctographs: 122440-30-0{ 
Drawings: H-3-51210 
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SITE m NO.: 216-N-3 

CHEMICALS OI$?0SED 

TOTAL VOLCM! DI5roSED: 7570000 Liters 

No chemicals discharged. 

RADIONCCLIDE INVENTOR'f 
(in curies) 

H-3 : 0.00000 CE-144 : 0 .00000 
C-14: 0.00000 E'R-144: 0.00000 
MN-54: 0.00000 PM-147: 0 . 00000 
co-60 : 0.00000 EU-152: 0.00000 
NI-63: 0.00000 EU-154: 0.00000 
KR-85: 0.00000 EU-155 : 0.00000 
SR-90: 0.08520 NP-237 : . 0 . 00000 
Y-91: 0.00000 · ro-23a: 0.00000 
NB-95: 0.~00000 ro-239: 0 . 00000 
ZR-95: 0.00000 ro-240: · 0 . 00000 
TC-99: 0 . 00000 FU-241: 0.00000 
R0-103: 0.00000 AM-241: 0 . 00000 
RD-106 : 0.00000 tJ-233: 0.00000 
SN-113: 0.00000 U-235: 0 .00000 
SB-125 : 0.00000 U-238: 0 . 00000 
I-129: 0 . 00000 TH-232: 0.00000 
CS-134: 0.00000 BETA: 0 . 35600 
CS-137: 0 . 09600 ~= 0 . 00000 
Cl::-141: 0.00000 At.FHA: 0.00000 

These values are decayed through Aprill, 1986. 
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ALIAS: 212-P So.amp, 
STA1'US: Inactive 
DIMENSIONS: 

~: 
Width.: 
Depth: 
Diameter: 

500 ft 
200 ft 
3 ft 
0 ft 

ux:ATION: 200 Ncrth 

SITZ m NO.: 216-N-4 

216-N-2, 216-N-4 swamp 

COORDnrATF.S: Head: N53400/WS2600, Ecd: N54300/W62700 

SITE DESCUPTION: 

Pond, with. 500 ft. X 200 ft. wide 1x>ttan ci:1ml!!micns. 

SERVICE DATES: 1944-1952 

SERVICE HIS10Rx: 

FACILITf: Pend 
ELEVATION: 558 .ft 
WA'l'ml'ABLE: 153 tt 

Fran 9/44 to 6/52 the site received the basin overflew waste from 
. the 212-P Build.in,;. . 'l'he site was retired in 6/52 when the 212-P 
building was shut d.cNl. 

REFERENCE:s: 
Documents: ARH-2806, RHO-CD-673, HW-55176 
Photographs: 122440-27-cN 
0~: H-3-57210 
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SITE m NO.: 216-N-4 ( 

CHEMICALS DISPOSED 

'l'OTAt VOLQ,£ DISI=OSED: 946000000 Liters 

Na chemicals discharged. 

r- RADIONUCLIDE INVENTOR'f !"'-f"') 

t..n ( in curies) 
c:l 

• co - H-3: 0.00000 CE-144: 0.00000 C"-1 
~ C-14 : 0 . 00000 PR-144: 0.00000 - MN-54 : 0.00000 ~147 : 0 . 00000 ""¥'-

a-. C0-60 : 0.00000 !tl-152: 0.00000 
NI-63: 0.00000 ElJ-154: 0.00000 
KR-85: 0.00000 ElJ-155: 0.00000 
SR-90 : 0.07830 NP-237: 0.00000 r 
Y-91: 0.00000 ro-23a: 0.00000 ' NB-95: 0.00000 ro-239: 0 . 05710 
ZR-95: 0 . 00000 ro-240: 0 . 01540 
TC-99: 0.00000 PU- 241: 0.00000 
RU-103 : 0.00000 AM-241: 0 . 00000 
RU-106 : 0.00000 U-233 : 0.00000 
SN-113 : 0.00000 U-235 : 0.00000 
SB-125: 0 . 00000 0-238 : 0.00152 
I-129 : 0.00000 TH-232 : 0 . 00000 
CS-134: 0.00000 BETA: 0.31400 
CS-137: 0.08860 ~A: 0 . 00000 
CE-141 : 0.00000 AU'HA: 0.00000 

'nlese values are decayed throUqh April 1, 1986. 

- ;. 
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ALIAS: 212-P-Trench, 
STATOS: Inactive 
D~IONS: 

Lc!ngth: 
Width: 
Depth: 
Diameter: 

80 tt 
15 ft 
6 ft 
0 tt 

to:ATION: 200 North 

SIT.E m ?ll.: 21s-N-5 

216-N-~ Trench 

CCXJRDINATES: N55408/W63130, N5549S/W6322S (01.agona.lly) 

SITE DESCUPTION: 

FACILITf: Crib 
EtEVAT!ON: 575 ft 
WATERTABLZ: 170 tt 

Trench, · wi t.'1 d.iml!!csicns ot 80 ft. la1q x 15 ft. wide x 6 ft. 
deep. 

SERVICE DA'.l'ES: 1952-1952 

.SERVICE HISTORY: 

Fran 5/52 to 6/52 the site received the basin water and sludge 
eleancut tl"C!l the 212-P Basin during shutdown of the area. lhe 
site was retired in 6/52. 

REFERENCES: 
Doc:umll!nts: ARH-2806, RHO-CD-673, mi-55176 
Photcgraphs: 122440-28-CN 
Dradng:s: H-3-57210 
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SIT! ID NO.: 216-N-5 

CHEMI~ DISPOSED 

TOTAL VOt.UME OISEOSED: 7570000 Liter.s 

RADIC?rocu:cE INVENTORY 
(in curies) 

H-3: 0.00000 ~-144 : 0 . 00000 
C-14: 0 .00000 E'R-144: 0 . 00000 
MN-54: 0.00000 . ~147: 0 . 00000 
CQ-60 : 0 . 00000 Eti-152: 0.00000 
NI-63: 0.00000 ElJ-154: 0.00000 
KR-85: 0.00000 EU-155 : 0.00000 
SR-90: 0.08520 NP-237: 0.00000 
Y-91: 0.00000 l?U-238: o.coooo 
NB-95: 0.00000 PU-239: 0.00000 
ZR:-95: 0.00000 PU-240: 0.00000 
TC-99: 0.00000 PU-241: 0.00000 
RU-103: 0.00000 AM-241: 0.00000 
RU-106: 0.00000 U-233: 0 . 00000 
SN-113: 0 . 00000 U-235: 0.00000 
SB-125 : 0.00000 U-238: 0 . 00000 
I-129: 0.00000 'l'H-232: 0.00000 
CS-134 : 0 . 00000 EE'l'A: 0.35600 
CS-137: 0.09600 GAMMA: 0 . 00000 
CE-141: 0.00000 ALPHA: 0.00000 

These values are decayed through April 1. 1986. 
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ALIAS: 212-R S\,amp, 
STATOS: Inactive 
DIMENSIONS: 

ten;til: 
Width: 
Depth: 
Diameter: 

~00 ft 
150 ft 
3 ft 
0 tt 

LOCATION: 200 North 

SITE m 00.: 216-N-6 

216-N-6 SWamp 

COORDINATES: Head: N!53600/W60030, End: ~43!50/W60115 

SITE CESCRIPTION: 

Pond. with 500 tt. lcng x 150 ft. wide bottom dimensiccs. 

SERVICE DATES: 1944-1952 

SERVICE HIS'l'ORY: 

FACILITf: Pond 
Er.E'IATION: 557 tt 
Hi\TER'l'ABLE: 152 ft 

Frail 9/44 to 6/52 the si'te received tM normal overflew from the 
212-R Basin. The site \es retired in 6/52 when . 212-R was 
shut down. 

REFERENCES: 
Documents: ARH-2806, RHO-CD-673, HW-55176 
Photographs: 122440-26-CN 
Drawings: H-3-57210 
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SITE m NO.: 216-N-6 ( 

CHEMICALS DISPOSED 

'l."'OTAI. VCI.OME DISPOSED: 946000000 Liters 

No c:henicals discharged. 

- PADIONUC"..IDE Th"VENTORY 
' ::::r- (in curies) 
i LI') 
c:J 

111 

ca ,_ H-3: 0.00000 CE-144: 0.00000 
C'-....J C-14 : 0.00000 eR-144: 0 . 00000 ·~ ·- MN-54: 0.00000 R+-147: 0 . 00000 ....... 

C0-60: 0.00000 E0-152: 0 .00000 'Q"--, 
N!-63: 0.00000 E0-154: 0.00000 
KR-8~: 0.00000 EU-155: 0.00000 
SR-90: 0.07830 NP-237: 0.00000 C Y-91: 0.00000 P0-238: 0.00000 
NB-95: 0.00000 P0-239: 0.05710 
ZR-95 : 0.00000 E'U-240: 0.01320 
TC-99 : 0.00000 PU-241: 0.00000 
RU-103: 0.00000 AM-241: 0 . 00000 
RU-106: 0.00000 U-233: 0 . 00000 
SN-113: 0.00000 U-235: 0.00000 
SB-125 : 0.00000 U-238: 0 . 00152 
I-129 : 0.00000 m-232: 0 . 00000 
CS-134: 0.00000 BETA: 0 . 32800 
CS-137: 0.08860 GAMMA: 0.00000 
CE-141: 0.00000 ALPHA: 0.00000 

These values are decayed ~h April 1 , 1986. 

--'-. 

~ 

460 
Ref. 21. 12~ 

= 



l 

• 

ALIAS: 212-R Tn!nch, 
STATUS: Inactive 
DIMENSIONS: 

ten;"th: 
Width: 
Depth: 
Diameter: 

80 ft 
15 ft 
6 ft 
0 ft 

ux:ATION: 200 North 

SI'1'!! ID NO.: 216-N-7 

216-N-7 Tr@nch 

CCCE)INATE!S: N!l5399/W60!10!1, N!1!1482/W60605 (Diagcnally) 

SITE DESCRIPTION: 

FACILIT/: Crib 
ELEVATION: 571 ft 

-~: 152 ft 

Trench, w1 th d:imensicm ot 80 ft. long x 15 ft. wide x 6 ft. 
deep. 

SERVICE DA'.I'ES: 1952-1952 

SERVICE HISTORY: 

Frail 5/52 .to 6/52 the site received the basin water and slu;!qe 
cleancu.t waste fral 212-R Basin. The site· was retired in 6/52 
\oft!!1 212-R was shut doom. 

REFERENCES: 
Documents: ARH-2806, RHO-CD-673, HW-55176 
Photographs: 122440-25-cN 
Drawings: H-3-57210 
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' SITE m NO. : 216-N-7 ( 

c:mMICAI.S DISPOSED 

TOTAL VOLtlt£ DISPOSED: 7570000 titers 

No c:hemicals discharged. 

r-n 
RADIONCCI.IDE INVENTORY ::r· 

LJ") (in curies) ii:=) ,. 
0::1 -C"..J H-3: 0.00000 CE-144: 0 . 00000 
~. 
,~, C-14: 0.00000 PR-144: 0.00000 
~ MN-54: 0.00000 PM-147: 0.00000 
IQ...., C0-60: 0.00000 Et.1-152: 0 . 00000 

NI-63: 0.00000 . Et.1-154: 0.00000 
KR-85: 0.00000 E0-155: 0.00000 
SR-90: 0.08520 N?-237: 0.00000 r Y-91: 0.00000 FJ-238: 0.00000 ' NB-95: d.00000 FJ-239: 0 . 00000 ' 
ZR-95 : 0.00000 FJ-240: 0 . 00000 
TC-99~ 0.00000 PU-241: 0 . 00000 
RU-103: 0.00000 AM-241: 0 . 00000 
RU-106: 0 . 00000 U-233: o.cccoo 
SN-113: 0.00000 U-235: 0 . 00000 
SB-125: 0.00000 U-238: 0 . 00000 
I-129 : 0.00000 TH-232: 0 . 00000 
CS-134:. 0.00000 BETA: 0 . 35600 
CS-137: 0.09600 ' GAtwt-!A: 0.00000 
CE-141: 0.00000 ALPHA: 0 . 00000 

These values are decayed thrct.Jgh Aprill, 1986. 

- .... 

~ 

462 
Ref. 21. 14 

= 
.. , -- -· ·~-



::::i
::::z
l..I? 
c::i 

* a::, -

,. 

REFERENCE 22 

Hanford Ground Water Database Printouts for Wells of Concern 

- .... 

= 



..... 

·_. 

•._ 

\.. 

\..,· 

'-' ;o 
ID 
...... 

'-'N 
N . 

1 • • • .~ • 

I 
Ill l · 
JJlllll. I 

'I HI.I l'i,1 '•1•,t II 

91113218 .. 0545 
,!,!,! J i!,!c1,!ZJ,• i!,!i!i:J.!2.!i',!,' !;!Jl,!.!l2,!2i?Uc!.!i!t.!Uli!l?.i!J~ ,:?2i?i!i!?.i!i!l2U.i!i!Ui!li!i!i!li!l2222i?222li!2i!i!li!i!22i!l22c!22 
JJ!~~Ji!JJ ;!~ . i!JlJi!Ji!J?Jl.!i!JZi!i!t.!i!J Earth Sclonce, Z, · .o~pu,1r ~•ncor i!lli!llli!llllllllllli!i!lllllllllll. 
,!,!,' J ;i Ji!.!,! .!2 r! .!i',!i!i!i!,!Z~i!.!2.!i!di!i!i!.!Zi?i!i!Ui! i?i!i?i!i!i!i?l 2i!i!2.. - 2 i!l lli!i!i!lli!ll 2 lll llllllllll 2li!llli!lllllllllllUaz a 

.,,,,n ~ L11,nJ~~S~•J~~o 

,1 II EfEEf '"" I ,, [ T 
111 'I [ T 
I II ii CEEE ' I 1111 E T 
I ti C T 
I II [f[[E T 

li!i!Zi!i! 
i!i!i!i!i!i! 

. i!i! i!i! 
22 i!i! 

i!Z 
22 

22 
22 

i!i! 
Zi! 

i!i! 
.?2 

i!i!.!i!i!i!i!i!t?i! 
llli!llli!.!i! 

'"""'" tlH 

""'"'" rllt 
TT 11111111 
TT tlH ltl 

" IIH 

" 1111 

" 1111 

" :111 
TT tlll 
TT 1111 .... ·" 1111 .... lT IIH .... " IIH .... TT 1111 

Pl'l'fl 1IRIIR Ill II N 
p . p ii H I ,, '4 
p p ii II I tttl ~ 
Pl'PI' P.HllR I It .. •• 
p 
p 
p 

!IH 
!llt 

" " ii R 
'I 

000000 
OOOOIJII 

00 00 
110 ' 'IQ 

00 0(11)0 
00 llt\:10 
00 1)0 110 
00 00 ,10 
00110 110 
01MO 1\0 
00 •lO 
IJO 911 

0011000 
. 00011'10 

n 

l 
I 

Ill 

000000 
1100000 

I! 
II ,, 

00 00 
00 00 
00 1)000 
H OIIOQ 
00 oo 00 
00 OIi 00 
0000 00 
OOIIO no 
00 00 
00 Oil 

0001100 
000000 

m1 f'Pl't>l'PPP 
'Iii "Pf'Pl'PPP 

ltfllUI l'P , ... 
11,t•IH PP PP 

IIH PP rr 
•1:t Pp pp 
ltl l'Pflf'PPPP 

111 l'f'l'PPPPP 
1ft f'P 
:tit · rr 
llrt rr 
,Ill l'P 
!Ill i'P 
.'Ill l'P 

/jt,I 

•I ,, 

"" "" "" "., 
"" .,., .... .... 
" " .. ,. 

'"" T 

' 1 

' ' ' 

999999 
99~999 

99 99 
99 99 
99 99 
99 99 

99999999 
999999'19 

99 
99 
'19 
99 

'199999 
999999 

II : Ill 
I / . ll11 
I 111111 

flh • 11ll4 111(J.!•1u.r111•1 ·1 ('1121,11,n>, l..aat r11i111I ol'I l'l•Allll•l9117 IIIJ'i, he lt. block 11quenthl file o.,n,4 by UJC lijfTPRltHI. The 
rt1cur •• .ir, v-,r i o11J lo ho•,t h ,. I ch I ,,l I I• I (CIU c Jrr I ,1ca cont ro I. Jh1 I onge1t ,1corcl h o ·l>yt •• • 

./ult 2 ·10 (115"1) •11.t•uu•I t•I LP,11 Oil I 'l•.\ 11G--l'187 ll 115 by uur 1IE1PRJ :IT I UIC , .. urRJNTI, under 1coo11nt Wlt,lO0lO ., priority aoo, 
1t1rc,d 011 1Jrlncer •Ll'A•H o,, l'l•A IG .. 1·187 I l&J5 fro• que1.11 LflA0. 

1111111111 
llllllllll 
llllllllll 

l22J2222lt.!l2222i!2Z2~2Z2222l22l2i!2l2l2222222i!222l2li!i?l2222l2l222222i!22222222i!2222222l22i!22222222222i!22222 
2~2!222.!2?l.!2i!222.!l.!?l22 »tglt•I (~1.1lp•111t Corpor1tlo11 • VAM/VIIS Vnrelon V4 0 5 llllllllllllllll2llllli!l 
J.!i!JZ,!2J22JJl22J2i!2Jl22222i!li!2i!2i!l2i!2ll222li!222l22Z2i!22222222i!22l222i!22i!i!222l222222222222222222222li!2222 

I 

' I' 

1111111111 
1111111111 
1111111111 

.. 
• 
• 
..J 

..i 

..J 

..J 

..i 

II 

• 
• 
.J 

..J 

.J 

.J 

,J 

" 
• 
• 

.,, I ' • • .t 



91H 3218~05~6 
--' I ) 

l.&:li"I j 
·ILlL C •ILL&:C rl •Ill c ·111~u,11E If f•I' I 4'1Al.v:IU AtlALYIII .,; 

·•·· •i: nu,: I.\ IE fLA ;J YAI.UE 3PIIH301l 

6•11.>• 'ld j/JJ/87 l, I, l .. y C 1 0 D•IOIJftOl II ... 
6.,q_;.•Jd j/,!J/81 1,1,2-, < I 011•>0•IEt•ll II 
6•1U•IJ ·I ll.! .1107 I, I •l>l•I < J 0IIIIO ·lftlll It 
6 .. 'U-'ll j/,!J/117 1, a-11111 C 1.0,10 lftlll II ,., 
6•'1.i•d ·I l/JJ/'17 I.?• lun < 1011 llll[t'll lt 
6 .. 11 l•'IJ 11.!l/:U l.:?llff C l 00Jll>Etlll II 
6-H•'l8 1IJ1/d1 1H·iJf < I 011 ·111•1E tO I II • ..... 
6- 11 j• 'l'I Jl.!1187 l;?Hifl < t 00110 IEtlll 11 
6• 11 S•-M JI !l/1\7 1 l• lhun C I 011 :10 IEtlli II 

..... 6•11l• •J\ Jl.!l/ 117 us r 1u C 1.11•1tl'lf tn I H • 6•'1.S-u;i j/Jl/-17 · I ·1- 111011 < a .o 11) ,lftlll H 
6 .. •IJ• ,J,I ' 11:?l/lH ,ctrtLt: < 1 00110 lftll} II 
.... , , .. ,,11 Jl.!JIH ,c11·(1 ·1f < J 00 110,lf ti! J II .J 

6• 11.l• Ill JI ,! 1/1}7 'LK ',Ll'I 0 0C. •IO•lftllll II 
6-•l.l-•J i) ll !J/H ALL-tl~L < J.o ·>Ollft!U . It 

- 6-•I l•H ll.!l/'17 A Ill 1,1 I •I ,c 5 0 0 'IO'lftlll H 
6•'1 S•H j/JJ/,jJ ll[J\ 6 06C.0Jftl!II 11 
6• '1 J•IJ•J J/;!l/97 CIILACEJ ,c s.ooo •JftOl H 

...... o-U•H ll.!)/t\1 C•llfl) , .• ,c I.O•IOIIEtOI H 
6•"-S•ll'l JIJJ/d7 C·IL•IIIAL ,c ] 00110,IEtOl II 
o•'IS•H ]/JJ/•17 C IL 1nu, l 0 ?t.U ')ftD•I II 
o• 'l.l•J" J/JJ/'17 C·IL••~ ltl C J 0 0:\D,JftOJ II 
6• 1U• 'l I J/,!l/it7 . c 11111cr 2 0'>5A•1Et0l II 
6•'1 J•'IO J/,!J/87 c ·o ,,,,,,, C 1.011n1>EtnJ It 
6•1,•H j/J}/1!7 cv, .1c IL ,c 1.ouo11EtUJ H ~ 

6•'1.i• ->ll JI H/'17 C 'tA IOQ1I ,c l.OIIO •IEtOJ tt 
6•'1.i• J 1 JIH/61 tllCl'lf II' C J • 0 1101E tOl It 
6• 11 s- ·10 J/,!l/'17 EJ ·ICAID ,c ] 0 11 •.IO•lftOl II " 6•1U•H J/,!J/'17 EJIICY.\ :1 ,c l • O•IU'lf tO J II 
6•'1 S• lei l/ .!l/07 ETll-lXlil C J 0 0llOOEtlll II 

..... 6,. 'U• ·IO Sl,!l/87 fAL,111(11 C t 05110UftU It • t.•ll••lit Jl ;!J/H 
"''" 10 < t 00•M•JE tDi! ll 

o•~ l•H j/,?J/117 f-"l 'i f II C 5 00'111JftOtl H 
'- o•'l i• 'l •I ll,!)/'17 rn, 11 J :1 J 0 l !ICl'lftAl H • 11-•u- .1~ J/H/d1 f 'lf•IYLL < 5 0 l)IIQ1)[tOU tt 

6•'U•H ll.!1/87 fC4 ,J11ICJ C 2 .011011[ • 00 H ... ... ,_,,., J/,!J ,,, fC4LCl•J J 01llO•l£tO'I H .... 
o•'I l••)1) Jl.!1/H fCllilO II < a.ooooEtOI H 
e, .. ,1 i••lll ll ,?l/lH fC ·H•rfll C I 00 110 ·1E • OI It 
6• '1 I• Ill )/,!1111 fJ:l IN C 5 0111101lftfll II .,; 

lt• 11 i• ;111 1/,!llH fLf 1,1> < 5 0<J•1U •l[tllQ II 
6 .. q J• Ill 'J/,!)/117 fLII .JRl•l C s.onn,,cto2 ' H 
0- 111-,111 Jl.!l/H fLU.111114 < l.O ·IOUftOl II .,; 

o- •11-•111 .\/ :!llcl7 r w;•1Es 8 0 7 lll•lftOl Ii 
6• •1..1• ·Ill jlHIH f 14 IG\'I l 0 711011[tOI H 
,a.q S• :11 J/;!J/"1 f lf ,1C •l11 < I. IHlll)f-0 I It 
6- 111••111 11~1/d7 f llCK(L C I. 01.ll)l)f tO I II 
6•'U•!l ,-l }/,!1/87 f •IS 11 •1'1 C J.orro'lEto2 H 

'- 6•,U-!)11 .;l,!)/87 fPl)J4~S 4 03000Et0l ti -11 .. q J•'ltl 1nJ1H f ·;EL( II C s.noouctoo II 
o•'I.S• ,lll }l,H/'17 fllL'IEfl C 1.onooEtOI II 

I,., l>•'U- ·111 1/t!l/111 r ·i:1111-1:1 I• ;i2011f tll'I 11 ~ 
6--'I ;-•111 jl -!Jl'.11 f:Jlilll •IT < 1.oao,1Etoa II 
0-111- 0111 J/H/87 fV4•14 'll 0 00'J00ft111J H 
la• 11 I• 1-1 S/.!S/-17 f l.l IC 0 00 ,)l) llftOO H • ;::o 6•'1 i• , ,, j/ ~J/117 GLYCl 'lt C J 0ouo:1ftOJ It 11> ..... o• 'U• Ii j/ .!J/')1 IIEIC\C IL < , . ,1•)1)ClftOI H . 6-'l 1- 1,1 j.',!J/ 11 7 I 111:'.l(C•IC:I C I 011 -)0 llftOl II • N la• ·U • 1•1 ll?J/H ' I !lt 11'!4ZI C J . •J•l llllftOJ •I . . .. . . . . . . . 

l N . 
j II ... ~ 
! 

- - - - - - --



·91i, 132 I 8~05~7 
~ 

II, _sl,!J/11] f:J ,IIUJ1 • ) 0 0•lC>OEtOl ' r1 J •- .-~ jl,!J/i!J Kt:~ ISf:I • l O Ol'llltl[ tO 'I II ~.. •. ·. · .1 

'-
11,- ·u .. ,,, .II :SIU L'l4L.P -IA ,c 2 0 2t.O•IE•Ql H 
6•41• 'j:j "j/,!1187 •l•lC'fLE • I.O"IOll[tlll tt 
11•4~• '. lil jl!J/87 11ET ·lll -lf • 1.ouo11ft11t II 

'- 6•'1 j- ,,, l/.!J/81 IIET-IYCII • l. Ql)Ot)[ t•ll II 
6•'1J• I "\ Jl.!J/87 11ETZ I ' IE < l 0 011tHftOl II 
11••1 S• Ill J/ ,!J/8 7 ·gr IT 14 < l • 0 :10 11£ tOl It 

..... 6•q..,. IR Sl .!J/H :1u11HE 2. s so,1£ tll'l It .. 
11, .. ,, •• 1,1 jl -?i/0,7 Ol'lCtLf < a .o :lnll[tOl II 
11,.q_. • ..., V!J/H l' ,\lf -',L ·.lf . < ] 0 0 1lllllft0l H 

- o•'I s-,,~ Jl,!J/H PC: ,lfC .111 < l.OllOllftOl H • ti-!1 s- -111 J/.!l/'17 P(•I~[ If C l 0 ouo,1Et0l It 
/1,•'I i• Ill \/ ,!J/IH I' I 1

0
2,,,.,,c.n, II 

.'-' C.• I l•'I" Sl,!l/81 I' I J 0t, hJllftOO II • 11,.-, s- 1:1 jl.!)/67 PIE IIIL C l .o .1n,1ttOl H 
C.• 11 S • ·1 I IIJl/47 P,l'l .;I' 14 C I 0 "1•111 ,l[t•IJ · II 

'- i,-lj ;- l'I l/ !l/itF Pllll"VLA C J • 1)111.lol[ tO) H 
11, .. q j• 1:1 .II !11111 Ptf;py l'.I C J 0 0 'IOtlftAl II 
c.-i,s-u Jl?S/'H n ,a 1•1 1 C 4 .11 ·111 -1[-112 H 

\..,, J/ -.!l/67 s JLr4Tf 4 0 0 '10 l[tll'I II 

hfr"'-,1 /ori~ .V .!J/117 I 0 000,1£.tn I II B.KG__ k.r.£.,.. /4steJ Te fr4.Js e '11 l)ftOl H 0..$ 
\.., 

/1,•IIJ• )I\ V-!1 1 81 JolC C 5 0 1'i1ltlft0i! ti 

t,.11 •• Ill .il.H/117 J,l(LIIL C 2 0 0')ll•lftlll H 

' - ~-qJ- ·1'1 .II H/87 T-IICE -lf C l 0 00llllEtOI H 
6••11- ·111 J/cl)/117 TIii C•ILU C l 0 0ll(MftOl H 
b•5l•7'i II ,!5/87 ,,,,, .. , C I• 0•10,1£ tll l H 

'- b•5l•75 J/cl'i/87 l,l,2•f C l 0 0•l01l[tOl H 
11•51•75 J/.!'j/81 ALK,Llll 1.22111)[ • 0':i H 
ti-51•1'i Jl -!5/87 411•11t111J C s.01111,1Etot H 

\..,, ei-s1-1s Jl ,? 'j/87 DET ,i 9 0 620•1Et0 11 tt " 6-5l•1'i ]l.!5/87 ClllfU•III ' a .ou11,1f • Ol H 
o•5l•75 ]l,!518 7 C-ll 11Hll 4.J<.OOftCIJ H 

'-' 6•5l•7'i 1l-!5107 C-1'1.l•ICJ l 0 talli 'lftO.i! tt K6 /;r Cy,.,., ,,h • ei-•· - ,. 
l/.!5/87 C "I I 0110 If II 

Cl-~ l - 7'i i / ·!SI 4l 11 l. 5 111) ,)[ tll~ ti 
\..,, b•'il•1'i J / !5/117 r,•111 Ill C 1.o,,1111Et11z H • ti-51•15 j/ !'i/87 fH JC II C 5 0 0 '10 I)[ • Oil H 

ti-s,-,s ll.!5187 fll4 •1 I hi 4 • 2 •l0 ,If tll l 11 

'-' b•Sl•75 S/ -!S/111 fil£,IYLL C 5.0IIO•IEtllO H .. 
6•51-75 1/Z'i/117 fCl'l'l111 C z.o:i11,1ct110 II 
b-~l-7'.i 1/ !5/07 fr.4LC1'.l 1.11•10 1[ • •1'6 Ii 

...... 6- 'j 1-t'i V.!'i/117 ' rc 11-1u·11 C l 0 ll•hMEtlll ti ... 
b•'il•7' J/ .!'i/ll7 fC 1l '1Pt:H C l • 0110 :1[ til I II 
b•'H•l'i J/,!'j/!17 f JII hi C 5 0 llll 1Mftlll H 

·- t,.'jl•J'i l/,!'j/87 fL[\I) C 'i. 0 ·)(1 :)[ • 1111 It 
6-'.il - 7'; jlJ'i/'H fl•I IIIIU < 5.0lll)•lftll.i! tt 
b•Sl•IS ll¾'il81 f .U ,illCS l .J•l"l -l[t0'1 H 

11•5 l • 15 .Sl<!S/H f ·14 ,,. .,,. l 01ltl l[tll.! Ii --6-sa-,s J/,!'j/1)7 f IE .!C lit C l 00IIIIJ[ .. Ol II 
o•'il·75 j/ ,!S/07 f IICKEL C t 0 0IIOllftOl II 

'-" 11-sa-1, JIZS/81 f •IS II Ill < J 0 0•IOl)ft02 II .. 
fl•51•1'i .II .!5/07 ft>OTA;JS J 0 4'101lftlll H 
ti-51-l'i J/ZS/87 f:IEL£'.II • 5 0 011111Jftllll II 

I..., , .. sa-1'> Jl.!5/87 f31LVER < l.OUOOEtOl ti " b•'H•7'j ll?'i/87 fSO,Jl Ill 4 0 9t,Ollf • ll) tt 
0-•;1-l'i JI !5/117 r :n ,1n IT < J.000f)[t02 H 

\ ;:o b-'>1-75 1/,!'i/"7 f"/l ll ·•l l •II) 1) .)[ t II l H • fl) b•'H • 7'> i 1 l'i1'7 f Z I tr. < ·, .11 ·1,11( ..... II -ti 
Cl•'i 1 • l'i V ,li/"1 / L •"L''" ) 0 <1'j•1 l(tll ·l II 

\N c,-'jl•l'i ,l!"il 'II '·< •·1., : < I·" 1•1 I( t •I I II • 1 N t.-•• I·/ 'i ;, ~-i ,., ,. •i: f Ill 1L ~ l 0 •1 -1,11Et 11t 11 
.l . 
j 

w 
It ••• I ... .... ... 



l 
·I j 11 

·--
·._, 

·-
..... 

U:S!I 
C•ILLEC rl 111 C l·t:H ( J'lt IT T 14 ·1 4114L'tSI3 l[LL 

•1;, .1( ii/, TC rtA ·IE FLAG 
4'14LY:l(J 

VALIJ[ $P,lll1011 ~ 

06 Cy .. "-•°"'~ il:.:•"~I ':1..:1 •:..:' J...:j 'L.. ___ _l\/(__lt_:'J!.i,/~6!..J7:___.!:_CI,V 4~11!,!l~IE:__ ___ _!4!.,.a...'.!'l!..;:!~~0_'.!ll~E!,t!!,;ll?!i.--..J:11L----=~---s-- "-

,IUL ..... .. ( 
LES!! 

C·1LLECJI 111 C-J,·WTIT IE IT T 141 
ti \ft: IA If fL~•I 

414L'l':ll:.l 
V4L•IE 

4>1AL'tSJS 
3P ,l/l:JOR 

~i!~-~·•i•;'l-~----u.~~~~~~;-----!-4.~¥-::-7---!"----p' 
• ·11"•1 A 

l• •W'• \ u-c .1£ I R 

LE!l'.J 
11:LL C•ILLECTI Ill C,J.l!iTtJ11E IT T 14 I A'l4LYSU A114LYSJS 

·1 \ •1C II<\ IC 'lt.'1[ rLH VALUE SPOIISOH 

l•'IP•• ;11111111 10,1, tf z.00011Etlll tt p6 {_ .. rl,o,., tefr4 '-J J • I ..!..::..:!.:.:.:..:. ___ ~'..:::::.:...-...!.!:..:'..:.:~---...!!..::.:;:!;..:!~-_::.-1:=-=--- . lot-,"o/ e 

IELL 
tit, I[ 

- b•17• ll 

LE:13 
CIILL(Cf( ltl t ·J·l:lTITllf IJ J .14 l A'IALY3U 

1)4 TE ;14•1[ rL4tl VALUE 

r,11 n , .. , 1.a.k!!'! 'I[ tUa 

A!i4LYSIS 
SP~HSOII 

o P6 .. 
\., ;.,; i , 

<!'-, ·11 ;1,, 
9 i ! I I J, IE=j I f 

i , ' Ji!i;.;: 

·-

;;o 
(I) 
·-i) 

N 
N 

••• I 

·t(LL 
1:, ·•r 

C.•c?'j- '.i'i 
C.•l 'j• 'i5 
Cl•.?'j•'.i5 
l>-l•i•~~ 
•-~•j-~j5 
Ct•,? i•':i5 
O•.?J•'jS 
Cl•c? •j•'i5 
b•l'.j•'i'i 
t.~,:? 'j•'.i':j 
b-l"_j ... 'J~ 
b-J •j.'j'J 
b• ,~J- 'jS 
~-, •j-15 
b•J '..i • 'i'; 
1,-; j•'..i'l 
b•I 'i•'i~ 
1,-:··; -•j5 
C, ·,.••.i•••·--

LESS 
C'ILLCCJJ ·III C l113TIJ IE ' II f.lA I A'IALYSl3 

11 ,\l( ·14 I[ fLA ,l VALIIC 

,!/•1 11/llu 
. .!l •t'l/!li, 
.!/•l'll!lu 
.!/ •1'1/'\-, 
,!l 'H/11•~ 
.! 1111110,, 
J/,1•1/6 -, 
,!I 1'1/61, 
,!/ '111/111, 
.?/ J'l/!li.t 
.!' 1'1/0a 
.! I l 'lllt•• 
,!/1'1/lli, 
,!/,J/1/11(, 

',!/ •l'l/111, 
,!/•1 11/fl ,, 
,! l ,1q/l)u 
,! /11 ,j /lJu 
;! /:1 '1/ ·l tJ I 

1,,,1-, 
1,1,2-r 
z,q,SJP 
z, 11-0 
ALll'll-l.l tt 
A' lil ' Hll,J 
A ITIII IY 
4111 11 I u 
4illi!.?l 
nt,!12 
"'11,!'1.? 
A'll ,!'1) 
, :11 ,!'l'l 
A,ll,!t.•l 
4,ISE•tlC 
Rt.R IIJ I 
tlE •l lC •lf 

I IICTI\ 
J' (.AO I J ' llt 

C 
C 

< 
< 
<C 

C 
C 
C 
C 
C 

< 
< 
< 
< 

< 

1.01)11 :lftlll 
l .O•lO:t[tUl 
l •"'1011[ tllll 
I. 0 1100[ tO •) 
l 0 510•1ft02 
I 0 t. 1IOOEtO~ 
l .o lllll[tll.! 
I .O illl()ftOll 
1.ooouttOI) 
I 0 ll•I01Jftll,J 
1.o,1ouEtO'l 
I .O tlO•lftO) 
1.0 ,IOll[tll'l 
l • 0 :1011[ tO ·I 
5 • 0 ,IO•IE tO•J 
] 0 4 IOIIEt•ll 
l .0 1HMEtOI 
6.0 l O,lftll•I 
l • ti '10 0 [ tO•I 

Ar14LYSU 
SP .Jll!IOfl 

It 
It 
It 
H 
II 
II 
ti 
H 
ti 
II 
II 
II 
ll 
II 
II 
H 
It 
H 
ti 

·,, 

,., 

.. 
• 
• 

-~ 

I, 

• 
• 

_, 

• 
• 
l ,, . .. . 



91H 32 IS-~ 0549 
4, •• ~ 'j• Jl•J'l,lll., C•ll. lRIU ll 0 U511U[tRI II ) . 

;. •~ :i•!.i i .! I •1 11/ /lQ C•lii 1tl1Jl1 < l.11 110 1lftlll II 
• •~J-'j!a .!I 1•1/111, C IL lfll1 < ] 0 U11C)OftRII ,, 

'- 0•4?~ .. ~5 :v J'l/di, c,111;1ucr 4 0 i!lllUftOi': H 
tt• l'.j•'jS U 111/1\q C•lf'l 1frt < 1.oacl'lftOl It 

I.... 
,,. 2-;-•;5 ,!/ 1111/iu lll•l<A IE < 5 0 0C>0 1lftOi! II 
b• z·;-:;s ;? I J'l/du ca,1 :in < I ·l)•)Ollftl)'l H 
,,, l~•':J5 ,!/1 11/1\:1 flll IN(O b 0 5'11)Uft0.? H 

'-- .-~ ·j. '_j'i .!I l'l/llu f' lfl IALII C S 01l :l•l1l[tll~ H 
,-2:j• •iS .!IJ'Ulb I !1 11 I l 0 7illl•lftll.? ,1 

--~'i-~'i ,?/11'1/!IC:, LfA11Gf < 5 0 U'lll1l[tllil H 
..... .1-i:•- j'.i ,!/ H/llu L HIJ'IIA i! 0 S •lfl•lftOO H • t •.!:i--'i'i i!I 1111,.., 11-ou: C l 0IIJll•l[tlll ti 

'-i~;-·;c; ,~! 1/1/l)y 'IA ' l•lf:I[ C s.n IO•l[tO•I II 
...., '->. .i-J'j ,!I t'l/llt, 11[ ,IC,lllt C l 0C1•1i> ,l[•OI II • ·.,-i!'j-•j) ~ I )11/'1<, 1l[T IL•IR C I 0 0 H)l[tll•I II 

o-c!~•·J'i ~I )11/'1•1 11ET IO· IE < 1.n110 :1[tOl 11 
•.., b•.!'.i•'iS ;?l:J 11/lli.l 111c,;EL < l .o•Jo :1c tOl II 

~-.?'i .. J'i J/.•Jol/iJJ IIIT14TE l 0 J10!lEtO ·l II -
,, ... 2"j-~5 ,!/'1'1/llu II ll•l Ill J.11 .10 l[tOl . 8 

'-- ll•Z'.i•55 ,!/ •lil/da Ol'l('(LC < l • ll•lll•IC till II 
t.•Z'.i-'j5 1,1111111 ... PEIIC[ IC < l 0 0ll1M[tlll It 
ll•.?'.i-'j5 ,!/•1•1101, P,I 4 0t,tlOll[tO•l H 

\.,.., b•2~•'.i'i ,!/•Jll/6ii p .111:)P IA < l 00llll·l[tOJ II 
t.-25-'j'i .!I 1111&1, . P ·ll,\3111 fl 062C)l)ft0l II 
6-.?'.i-~i'i ,!/•J'l/llu py11 (11111 ' s.00111fto2 II 

I,_, b•2 'i•:i:i ,?/ 'l 'l/6u n~a1111 C l 0 'Mll•IE-Ol H 
,. .. z:_;.:;5 .!l•l'l/lll, SELt:'1-lll < s.0 110 1,ctoo H 
b•l'.i-~5 ;?l•l'l/<ll, Sil '/Ell ,c l • 00011[ tO 1 H 

I.., t.•i!'.i•'i5 ,!IUll/1111 S :)il[lM l 0lluOOEtO•I 11 
6•.? '.i• i5 ,!I J 1/-tl, S•ll.f 4JE l 0 6.?0 :)[tlM II 

BK6 r,. t ,.., ~1 t .-,i b•2'j•r'i ,~1•1·11,lu r:T lA'IE C l 0R11Q1l[tRl II C .. t-'"" . k<feJ JI-$ I.., fl•J ·_;-•;r; ,! 
J ' '"" 

T-)C • J I . "kTrA"e .. 
b•,? '.i•'i'i 21 l'l/'11, l'll. ·l[!lf < 1.011•1-JEtCll Ii 
b•l'..i•'.Vi .!/ ·H/th, J liC C l.51101)[ .. Rl H 

\.., b•lJ•:i~ J/ 11'11011 fill(i,f I[ C l 00•HllftOll II • 6-2 .i-'j5 j?/•1 :116" TlllCE IE ' l 0 011n •JE tO l II B~6 lr;f,',,.,wi. 1,-2·;-•j'j i? I I 'I I ft 1, T 11 Tl Ill -l ;! •lfl ,JE II,! 

I.., '>•c!'i-'j ;>_ I I'll~•• .7•10 •1[ • • b•Z:i•'i5 ,!l•I 'I/Ou e•II IC C I • 0 :JC) •l Ct II 'I 
C.•.?'i•'j'i ,!/1111/411 h••l •IC ' l 00 ')0:)[tl\l) 

I.., t.-,?•j• 'i'> .!/111/IIC. 11•'1 IC < '. (\IJll•lE til•I ~ 

b•i! 'j•'i'i .,?1 :111111u •1-,l IC < I• II :101J[ tllll 

~ - .., 

\...· ...., 

I.., ~ 
;o 
ID 

I.., :1' • ·~ 
I,_,!'> I • c.n I J' 

II .. , . • ·· 



., I ,, 

• I 

,, 
... 
,.. 

r--

,. 

.... 

• 
• ,. 
,.. 

,.. 

,... 

,. 

• 
• .. 
r 

... 

,. 

HHHH.,HHHHH 
IOIHHWHHMHt,; 
NMHHHIOUOCH 

f ' 

66666666666666666666666666666666666666t,t,6666666666t6t666t6t6L666J666t666t666t6t6ttt6t6t6Lt66f6Ltl6tf,Lt,(6 
666666666666666H66666U ti"ttA uo1•.1•11 CIIA/JrV/1 • UOf11.IOl1JO:) H1•tdfnl,3 ,, ,,o.o tM,6(,f,t(,f,t,(,f,f.f,f,6f.f,f,f,f,t,U, 
6166666666666666666666666666666666666666666666~66i666666t66666L6t6L666L6(66666L6tf.L6t6ttlhl6fLL~tLt6Lt,6t 

111,111,1 lllhtl.H 
1;1,1,1-I-Ul1Hl:H 
1,14111,l;Hl,Hl:U 

0
0J1 er,er,b •OJI 1111[1 Lllt.l•!Jr.v .. 111 uo 111vJ1,. .1•iutJ1' 110 

PelJtat •001 Aaf.lOf.ld ,. 01001,i" iunooot •epun 'llttlHdl~-• :>Jn 'JNlHdl]N ., •• ,, Aq 111{1 ,~,1-oov-~, ~o 6Vd1 0~ ,., .• ,,~ ([Ill) ?n qrir 

.. ,, ,, 

IO 
. N 

N 

.... Cl.I 
ex: 

•tUAC, o •t p.1oou 11•euo1 •111 • •oJiuo:, HltfJJe, (11:J) r •t1ifet lilt" ttU111•l ••••••Jr11 •J• er,,,, • ., ~ 
•111 "l1Nlffd11NI ,,n Aq p•u"o •• ,. ,,.,u,nbea ~,01q l t ., '111{1 LD61•0hY•81 uo I •• ,~ • ., )IPl '(O'Dl'~t.&) lfd1.1~2~1,1nv1io• •IIJ 

' . 

HNHHHHHMHH 
HMMHHHHMMH 
NNMHHHHMHN 

1l11U 
" 

dJ MM HI: ll •••• 
111111 

" 
dd tfH HI, u .... 11 

" 
dd .... HI; u .... 11 

" "" 
101 HII u •••• 

II 
"" 

,fJ t-11 Hh u 
11 

"" 
dd IHI tll• 11 

11 
"" 

ddtf\ldddd 14M ltl, u 
1' 

"" 
dJcld,ftldd, lilt HI• u 

" 
dd dd HI-'111 HII u 

11 dtf dd. ... , 1111 HI, u 
1111 If" dd dd Mllhlt NhMII u 

"" 
.,,, rid rid Mllkh HIINI, u 

" '"' 
dddddddd 111, HI, uuuuu 

11 If II dJdddddd HII Ht: UU111UJ. 

ZllZlZllll nr,nnor,nnnn 
l2l2llllll nr,nnnr,nrinr, 

ll nit nn 
ll Oft nn 

Zl no nr: 
ll nr, nn 

ll nr, nn 
2l nr, nn 

ll nr, nrt 
2l nn nn 
2l ll nr. nn 
ll Zl 

"" "" lllll2 nn nr, 
llllll nn nn 

1 N fl Ill H II d J. ]]3J] ,, I 
1 fl 

" 
I ff ti d 1 ] II 

' J. .... II I II II d 1 ] 

"'' 
,. 1 .. I~ h I ttUHtl ddJJ 1 llll f, 11 I 

1 If 
""' 

I h II d d I 3 ,, HI 
1 I'.: t,, I ll II d d J. 3 ,, '. UlU N II Ill 11111111 dddd 11111 ]l]J] ,, ,, 

(l(l!J/1"'1t,fHOllh11-J IJ11•1, 11101.llt• 1:111'1, 

6666666666666666666666666666666666666666666~66h6b666666666L6666666666666t6t6L6L6tLL6t6~6Lf.t6tLL666L6f6t6 
6666666666666666666666f6666666666 Jeau•:, J•1ndwo:, X~AZ tenu•f0t 11iJP] 1666t6LtL6f6L6t6f666ttttt6t6t6L6 
6666666666666666666666666666666666b6666666bt66h6t,666666666666666t6L6~666t6t6L6ltL6L6L6t6i~t.bl6ttt6t6LL66 

1,1,l'kl l<l,WI I, 

l,ht,kl hi Hl,11 
I 1111••1 HH-'l;ll 

..... , 



\.-

\.-

\,... 

-
\,... 

..... 

\,... 

---
...... 

'--· 

..._ 

..... 

'-· 

'-· 

'-

...... 

\,, ;:o 
(I) 

-ti 

'N 
N . 

' 
"-4 

1 11 ... I 

lES!I 
C1Jtl:Jf(JIEIJ TIIA!l Al4LV:JU CtllJ IJIIIIJ COLLECTIOH 

CO 'JE FLAG /ALIJ[ EMROR DATE 

l~1 •t.bi4l[ • J7 •l.6i4JEtJ7 ll/lllllb 
1~1 l.7~00[t01 •l.411lCtJ7 l/11/n~ 
IJ4 l.liO~tt01 J.01ooftaJ Jilli~~ 
121 2 0 JiU~[t01 bol10UftUI q/ld/8~ 
lJ4 l 0 J1U~Et01 -l.65qJftl7 ,1111ft& 
ld1 l.1JU~[t01 .. ,.~,41Etl7 7/~1/8b 
ll1 a.s,~ijftOI -a.6,4lftl7 1/1)/8& 
lJ1 9 0 9JOll[tOJ •l 0 biq\[tJ7 lU/J~/~& 
lJq l.~IOUEtOl •l.6,qJftl7 ll/~5/5b 
azq 5.&lU1[tUI -l.6~4JEtl7 l/ijb/~7 
lJq 9,S100ftOJ •lo611lftl7 2/ll/87 
ld4 b 0 1701ft01 •l 0 614JEtJ7 J/l4/87 
ll4 7.~530EtJ1 •l.4~1lEtJ7 5/lS/•7 
tzu 4 0 llUUE • Ol •l.6~1lftl1 ~/Ql/87 
l~q 4.l&U~EtOJ •l.6~1lEtl7 11ll/81 
,JI I .110 •1ctn IJ s111 :1[ • Ul 11;?V81 

,11n c,,.,r IF IT • C Jb , £ St- 'I •r ,. ALnr · • 4LIJ , ,JtlJI IG•Ellft1R, 
CULLfCJl~~•DATE O tt~O~T ~It I 
..,CLL • 114'1f f ·I c-~,~.... AIIII C•l ·ISTITIIEllt•COII[ E'I •1011•, 11 u1•,•au•, 
•tll 'j• 1 • 121• :flRTfd-t 
C•lfl!lfl J•Jf 'IJt,Ctl!>E,CULLfCUIJlh•O,\lf l!I z .. 1ft'l• 'l 0 l IP 

I 
I J-

u,,., f.·f"'e" f ~s 

2J'/l/ :: 

---
-... 

.. 
• 
• 

.. 
• 
• 

• 
• 

.. . • , 



j 
I 
-~ 

I II 

• 
• 

• 
• 
'l 

• 
• 
... 

- ::o 
(I) ..... 
N 
N . 
0) ... • 

KtiKKKl\1(1\1(1; 
ICKKtilCi.Kr<o<r, 
ICKl<i,KKl<!\i<1; 

t,1111£1 R11 •i>te 

91i f 32 f 8 .. 0552 . . 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111,1111111 
11111171111111111111111111111111 [4rth Sc:leoaea Z~4i Co•PUter Cen&er 111111111111111111111111111111111 
11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

J,.,ra P IL ·III01dJ9~•~Q1U 

., 
·• ££EE£ rnn PPPP llRRH Ill " H '"" ., II f r p p !I II I N N r 

llhl ,, [ r p p It II I IIN " ' :I 'I ,1 ffeE ' pppp R:tilA I N '11 •• r 
·1 N·I E r p II II I N N'11 ' ·1 .. f r p q R I ,, t,I ' •I ti [Etff ' p II A Ill II N ' 

1JU ,,u ll 
\JU ,,u II 
•IIJ \JU llll 
•hJ •JU ll ll 
JIJ IJU ll 
uu IIU ll 
lllJ •JU ll 
Ull ,,u II 
IJU ,,u ll 
tJU ,,u ll 
uu 'IIJ ll 
'JU •IU ll 
IJUIJU' 1u111111u llltll 
1JU111JUUUU•IU tltlll 

""""" 
. ,,. !Iii f'PPPl'PPP "" ll 

'""""' ·-t~ 11:1 PPPPPPPP .. ,, ta 

" 
,, ...... , lllt:111 pp PII "" tall 

" 'ltl'llt 'li•li "" pp 

"" llll 

" ~ 1,t •114 .... PP PP ll 

" ·t't IIH ,,,. f'P pp 11 

" 1-l't 1111 PPl'PPPPP "" ti 

" 
..... 1111 PPl11"Pl'PP "" ti 

n II :-1 !ti-I l'P ,.., II 

" '1-t ··~ pp I II I ll .... n -I~ ·1•1 11p 

" tl 
•••• " 'I.I 11•1 pp 

" ll .... " ·-111 ·1•1 pp II llltll .... " 1111 ·111 pp ,, tlllll 

/ 

l(l(l(l(l(l(l(l(KI( 
l(kl<Kl(l<l(KIOI 
l(Kl<ICkl<KKt<k 

FIie .. o;w,iu 111(Tll'Jl ('H'J,10 11,11), lut revtud on ,11 .. 41J1, .. 1•10 Ullo, ta• l bloc:ll .. quen&tal f_lh o~n•d b>' UIC lllfJPRltlfl, TIit 
rec:ar~• •r• v~r ~•1lu l•nJth ~Ith l•~ll•J (CR) adrrldge oo~trol. The longeet record f• 0 bvt••• 

Jub Ul (11lJ) uL.1• •1•l to Lf'AO i,n l/J•AUG•191l7 llito b)' ,,aer 1lflrHJ ilT, UIC IIIETIIHIIITI, un<Hr eac:ount iiU~lQOIO et priority 100 1 ltart•d 
on printer •L1'4JI 011 t'l,.A ' fG,.1'187 &Jllq fro• qu1ue LPAO. · 

KKKKKI\KKi<K 
Kl(KKKKKl, '< 1( 
KKKKKliKl\l<K 

11111111111171111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
111111111111l11111111111 Olglt 1I ·f ,1ulp~ent Corpor•t on• YA~/VHG Veralon V4,S 111111111111111111111111 
11111111111t1111111111111111111111111111111111 11111111111111 111 1111111111111111111111111111111111111111 

KKKKKKl(f(IU( 
KK KKl(l(l(l(KK 
l<KKKKKKKKK 

..., 

"'"\ 

""\ 

"'I 

" 
·""\ 

'"'\ 

'"'\ 

'"'\ 

..... 

..... 

'"'\ 

. ..._ 

. ..... 

..... 

..... 

..... 

~ 

~ 

-- J .. " 



..... 

·-
'-· 

'-· 

.... 

'--

..... 

'-· 

._. 

..... 

'-' 

\.... 

'--

'-

'--

\,,,. 

'-

.._ 

""';:o 11) ..... . 
"~N 

j 
N . 
lO 

II • •• I 

LE93 
ClJNJIIJ 'IE•lf 1114 I 4 'ULYJJ:J 

Cll •I[ fL4', 'IAL ,JC 
C1IU IT 1:10 C1JLLCC Tl •J,. 

Cll 11U:I 0'1E 

K6 
Pltl'Tf Cl l!JT I T-lE ,r .. c ,1,>E,LEJhl 14 ... 3 ·; .. VALUE,cO;.l'lfl ·IG•ElfR 1Jff, 
C•JlLt:Cfl 'l'lt,IJAf ' 41Hf 'HJI 
~Ell• 14 11: f I t,.'j'j.11'1 4 ·41J Cfl ·IU JiUE •lf•Cll 'lf [ ·I "l oq•, • I ft]• 1 "11111•, 
•1&'.i•,•t ,?•1• :t:1111 Y 

. Ct>IIHlf·lt: :11t-c •10r:,c11uECU lrlf-llHE 11•1 h'5i•ll9.r ·11• 

I 

J 

'914' 3218 50553 
) 

.,. 

-~ 

. ., 

• 

• 
• 
.., 

.. 
• 
• 

• 
• 



i II 

'· I \1 
\ .. 

ANALYSIS 
tlUHBEll 

USER 
NUMBER 

.. -
91t 13218.0SSq 

PNL I-129 RESULTS ON WELL WATER SAMPLES COLLECTED SINCE OIJAN85 

STARTED ENDED I-129 ERROR 
yrmoda yrmoda 10••-6 pC1/l (~) . 

j 

070CT86 

COHHENTS 
-------- ---------------- ------- ------ ------------ ------ -------------------------· ----------------------------------

89279 
89376 
89270 
69377 

- 89271 
89272 

~ 893111 
89273 
89379 
893112 
89166 
8916'/ 
8 113 

:;o 
(D 
...... 

N 
N . -a 

••• I 

892711 
89301 
89171 
89177 
89275 
89302 
89279 
8931111 

9277 
89303 

699 101-118B 
699 I 01-118B 
699 25-55 
699 25-55 
699 26-15A 
699 27-08 · 
699 27-08 
699 32-22 
6~9 32.,.:;_2_2 _ __,W/C . 
699 35-09 ' J ~; 
699 35-66 ·L,, e }1 
699 35-70 
699 35-70 
699 37-
699 37-EOII 
699 39-39 
699 39-39 
699 IIJ-01 
699 111-1 
699 111-23 
699 111-23 

99 116-011 
699 116 - 011 

I 

J 

850912 16.1 
86052t)9 , 1--- 113. 9 
850912 · ' 119.6 
86052 93.5 

0 850§12 ~77~763.9 
(;; 850912"' 20781139.7 
V 860127 J 2~17553~3 
0 8509fK 5577959.1 
V 8606Q~~ .88Q290.II 
~- 860121' 218.171 • 1 

- J 8505~ 6965657.8 
850530 669311831.4 
8 101823772.4 
8509Q_g)~ 22357.8 

I;, 8601 Q.1.../ 2113511. 6 
,,, 1 850530 223.6 
-~ 850530 292.11 

b 850910 2551711.3 
L> 860108 2111289. 9 
b 850912 2,94,270.8 
~ 86012 lj 001111 II 

850910 92918.8 
G 860108 139627.9 

·6.1 1118116 WATER FOR 1129 (9./12/85), 699101-118B, HANFORD 
11.9 1118116 WATER FOR 1129 (5/29/86), 699 191-1188, HANFORD 
6.1 1111115 WATER FOR 1129 (9/12/85), 699 25-55, HANFORD 124r 
11.1 1111115 \lATER FOR 1129 (5/2986) 1 699 25-35, HANFQ!!D BSG .I 
7.2 111518 WATER FOR 1129 (9/12/85), 699 26-15A, HANFORD 
5. 7 111557 WATER FOR 1129 (9/12/85), 699 27-08, IIANFORD 
3.7 111557 WATER FOR 1129 (1/27/86), 699 27-08, HANFORD 
7.1 1117911 WATER FOR 1129, (9/12/85), 699 32-22, HANFORD 
3.7 111794 WATER FOR 1129 (6/6/86), 699 32-22, HANFORD 
3.9 1111119 WATER FOR 1129 (1/27/86), 699 35-09, HANFORD 
7.3 11111911 WATER FOR 1129 (5/30/85), 699 35-66, HANFORD 
7. 3 fllllt111 WATER FOR 1129 (5/30/85), 699 35-.70, HANFORD l2t,. 
11.1 ,1111111 WATER FOR 1129 (1/27/86). 699 35-70, IIANFORD D6 ..,_ 
5.4 1ija76 WATE!R FOR 1129 [9/85), 699 37-itoij, flAflt'ORD 
5.6 WATER FOR 1129 (1/17/86), 699 37-E011, flANFORD 

88.11 111791 HATER FOR 1129 (5/30/85), 699 39-39, HANFORD 
7.~ RE-RUN 111791 WATER FOR 1129 (5/30/85), 699 39-39, HANFORD 
5.4 111858 WATER FOR 1129 (9/10/85), 699 -1-01, HANFORD 
5~6 WATER COLLECTED 1/8/86 FOR I-129, 699-111-1, IIANFORD 
7. 1 WATER FOR 1129, (9/12/85), 699 -1-23, HANFORD ll'l 
3.5 /Ill O WATER FOR 1129 (1/27/86) 699-4 -23 IIANFORD 06 J 
5. 111863 WATER FOR 1129 5), 99 116-011, IIANFDRD 
5.6 HATER FOil 1129 (1/6/86), 699 46-0~, HANFORD 

l 

" I 
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ANALYSIS 
NUMBER 

USEH 
t,UMOER 

PNL I-129 RESULTS ON WELL WATER SAMPLES COLLECTED SINCE 01JAN85 

STARTED ENDED I-129 ERROR 
yrmoda yrmoda 10••-6 pCt/1 (S) 

.1.: 

070CT86 

COMMENTS 

6 IZ'L 
._,;.89~•1~5-~6~...;•l,U---~------r.~~~~--~0~8r.__--,4;.:..0 14756 WATER FOR 1129 (1/27/86) 699 48-0 :l 

69276 699 50-85 0 850912 8.2 6.4 14497 WATER FOR 112 9/12/ 5, 9 50-85 O, HANFORD 
893116 699 50-85 0 8601 177.5 3.7 14497 WATER FOR 1129 (1/27/86), 699-5J!::6?. , 0, HANFORD 

llil\1,,0! 89156 DB-7/597-812 FT. 850425 227.0 9.2 SAHP.IP85-216, DB-7 PUHP ACTUATOR,~BTON,-·,lllRU RESIN COLUMH 
111 69157 D13-7 /597-812 FT. 850425 343.1 9.1 SAHP.IP85-217, DB-7 PUMP ACTUATOR, HABTON,/Tl-lRU RESIN COLUMN 

69151 R299E 17-1 850401 22528490.7 6.4 12328 WATER FOR 1129, R299E 17-1, ~0R1l 
89166 R299E 17-1 850530 14500875.9 7.3 12328 WATER FOR 1129 (5/30/85), R299E 17-1, HANFORD 
891711 R299E 17-1 •-; 850621 166111242.11 7.6 SPECIAL SAMPLE FOR 1129 (6/21/85), R299E 17-1, HANFORD 
89179 R299E 17-1 ') 850712 23003503.4 7.2 12328 WATER FOR 1129 (7/12/85), R299E 17-1, IIANFORD 
89210 R299E 17-1 ') 850801 33973544.3 9.3 SPECIAL SAMPLE FOR 1129 (8/1/85), R299E 17-1, HANFORD 
89216 R299E 17-1 ') 850820 26659261.6 7.1 SPECIAL SAMPLES FOR 1129 (8/20/85), R299E 17-1, HANFORD 
89281 R299E 17-1 l1 850924 241100606.8 5. 7 12328 WATER FOR 1129 (9/24/85), R299E 17-1, I-IANFOHD 
892611 R299E 17-1 _5 851112 . 25183753.5 5.7 12328 WATER FOR 1129 (11/12/85), R299E 17-1, llANfORD 
69297 R299E 1'1 - 1 b 860102 29366888.J 5.6 WATER COLLECTED 1/2/86 FOR I-129, R299 17-1, HANFORD 
89154 R299E 17-9 ~ 850401 31992971.9 6.4 12514 WATER FOR 1129, R299E 17-9, · HANFORD 
89165 R299E 17-9 5 850530 20454961.8 7.2 1251'1 WATER FOR 1129 (5/30/85), R299E 17-9, HANFORD 
89175 R299E 17-9 5 850621 27973693.6 7.6 SPECIAL SAMPLE FOR 1129 (6/21/85), R299E 17 - 9, HANFORD 
89211 R299E. 17-9 ? 850801 22808393.5 7.1 SPECIAi. SAMPLE t'OR 1129 (8/1/85), R299E 17-9, HANFORD 
89217 R299E 17 - 9 S 650820 32407331.6 7.2 SPECIAL SAMPLE FOR 1129 (6/20/85), R299E 17 - 9, HANFORD 
89282 H299E 17-9 b 850924 30239431.1 5,7 62514 WATER FOR 1129 (9/24/65), R299E 17-9, HANFORD 
89285 R299E 17-9 S 851112 26123892.1 5.7 12514 WATER FOR 1129 (11/12/85), R299E 17-9, 1-IANl.-' ORD 
89298 H299E 17-9 (,, 860102 31637015.7 5.7 WATER COLLECTED 1/2/86 FOR I-129, R299E 17-9, HANFORD 
89169 ll299E 24-02 'l 850530 10575565.2 7.3 #2329 WATER FOR 1129 (5/30/85), R299E 211-02, IIANFORD 

2 
;o 
(I) .... . 
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l 29 I, 60co and l0 6Ru Measurements on 
Water Samples from the Hanford Project E..~virons 

F. P. Brauer and a. G.Riec~, Jr. 

ABSTRACT 

Groundwater flow and contamination patterns beneath 
the Hanford project reservation have be~ studied since 
the early days of the project. The measurement of radio
active materials at concentrations much below those required 
for radiation protection are useful for tracing groundwater 
movement and detection of potantial contami."lation prol:::lems 
before they a.re apt tc occur. 

Groundwater samples from a number of wells on or neaz
the Hanford resen""ation have bee.~ analyzed for 129 I by 

neutron activation analysis and fo: gamma radioactivity by 
low-level coincidence gamma-ray spectrometry. The major 
radionuc:lides in addition to natural radioactivity detected 
in the underground waters by gamma-ray spectromet--.oy were 
106Ru and 60co. Local river and rain water samples were 
also analyzed for 129 I and long-lived radionuc:lides. 

Special sample collection methods were developed to 
prevent contamination of the water samples during col
lection. Anions travel farther than cations in under
ground water systems since soils are primarily cation 
exchangers and retain the cations • Anion exchange tech
niques were used in t."le field and t.i.e la.boratory to ?:'li!cover 
the desired radionuclides. Sample sizes ranged up to 
several thousand liters. 

This paper disc,.1sses t.'le _ sample collection met.-:.ioci~, 
analysis met.~ods, and results obtained. T!'le rnet.~ods 
used were found to provide high sensitivity for g~our..d
water studies. 

i 
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129I, 60co and 106Ru Measurements on 

Water Samples from the Hanford Project E.~virons 

F. P. Brauer and H. G. Rieck, Jr. 

INTRODUCTION 

Groundwater flow and contamination patterns beneath the 

Hanford project have been studied since the early days of 

the project. A large number of wells are available on t..'i.e 
Hanford reseri'~tion for sampling of the grour.dwater. (ll Routine 

surveillance data on the status of groundwater contamination 

resulting from disposal of ·Hanford plant effluents are .reported 
periodically. (i) Analyses used for routine surveillance of 

radioactivity include total-beta and tritium determinations. 

The analytical methods selected have generally been limited to 

those .required to assure that concentrations of radioactivity in 
groundwater is safe fer hwr.an consumption although the ground

water on the Hanford Reservation is not used as potable water 
. . "(3) 

supplies. 

The measu.reI%'ent of radioactive nuclides at concentrations . 
much below those required for radiation protection are useful fo= 

tracing t.'1e rate and direction of groundwater moveI%'ent and c.e

tection of possible contazr.ination proble~s before they reac.~ signi

ficant levels. One ~ethod for improving the c.etection sensitivity 

is by the analysis of larger san,ples. The usefulness of total-beta 
measurements on large saxr:ples is liir.ited by the natural rac.ioacti •riey 

and salt content of the samples. Isotopic concentration of tritium 

from large water samples is difficult and expensive. Other 
.radiochemical analysis methods a.re available for the analysis 
of groundwater tracers and are discussed below. 

Since radionuclide retention· by soil is pri;narily a cation 

absorption process, anionic radionuclicies s·erve as :::etter 

groundwater tracers. Fission product iodine s~ould s~rve as 
a good tracer for following the movement of groundwaters. T~e 

only fission product iodine isotope wi t.1. a sufficiently long 
half-life for hyd.rologic studies is 129 r. The long (l.6xl0i 

year) half-life and low specific activity (3i0 cipm per micro-

-1-
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Ou:ing tr..e period of time since 1962 different well-sampling 

methods have been employed. Exact sampling conditions were not 

recorded for most of the pre-1968 well samples. Clean sample 

containers were supplied by the laboratory prior to collection 

of some of these samples. Some of the wells were sampled by . 

using a bucket.. on a rope to lift water to the surface. Repeated 

sampling was required to obtain several liters of water. 

The extent to which care was ta.ken to prevent contamination 

of the pre-1968 samples by the sampling equipment or surface 

soil is uncertain. 

Starting in 1968 the sample collections were conducted by 

members of the laboratory staff to assure that adequate pre

cautions were ta.ken to prevent contamination of the samples. 

Thorou·qh flushing of pumps, hoses, pipes, and sample containers 

was done before sampling. Either new sample containers or 

used sample containers of kn°"'-n history have been used. Of:site 

. wells were sampled by means of the pumping facilities located 

at the wells. Most Hanford project wells do not contain pumps 

and several pumping systems have been employed . 

Early 1971 sampling by pumping was done with a sw:imersible 

pump which was lowered into the,well on a l/4" diameter steel 

cable. Power to the pump was supplied by an electrical cable 

and water was delivered to the surface through a 3/4" diameter 

polyethylene tube. The support-power cable and tubing bundle 

was washed with demineralized water just outside the well as 

the unit was being lowered into the well. Normally, the pump 
was lowered to a point S to lO feet below the static water 

level. Sampling a well involved pumping for a 30-min.ute interval 

to flush the well, then collecting samples in two 13-gallon 

plastic car~oys. A!ter s~ling was completed, the system was 

removed from the well and moved to another location. During 

t.~e implacernent in the well of ·t.i.e pump and tubing bu.,dle it was 

necessary to crag the whole assembly across the ground surface 

as the unit was being lowered. Consequently, eve_n with the 

washing operation being performed, t.'1e possibility of surface 

contamination being int=oduced into the well .could not be ignorad. 

Tha problems of possible introduction of surface contamination 

by installation of t.~e pu.~ping system and of cross contamination 

---
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with a cheesecloth soaked in demineralized water as it was being 
lowered into the well. 

The inner pipe was next unplaced inside the outer pipe. The 
venturi-jet assembly was attached to a 2l-foot section of l" 

diameter PVC pipe with a combination of steel and PVC plastic 

fittings. This section was then lowered, with _washing, inside 
the outer pipe. After securely clamping the top end, another 

21-foot section was attached wit.~ a l" diameter coupling. PVC 

cement was used and after a suitable curing time t.~is additional 
section was lowered. The procedure was continued until the 
venturi-jet assembly was positioned in t.~e 5-foot section of 

schedule 40 outer pipe. The section of schedule 40 pipe was 

required for a positive seal between the inner and outer ~ipe 

by the leather packer on the venturi-jet assembly. 

A casing adapter was installed at the top of t.~e well. The 

pressure a.~d suction lines from the adapter were connected to 

the pump with unions to permit easy attachment and removal cf 

the pump. A steel can was inverted over the well casing to 

prevent entry of surtace contamination. 

A well was sampled by the following tec!Ulique. After the pump 
was attached· to the unions, the system was primed or filled wi~~ 
demineralized water. The pump was t.~en operated for 30 minutes 

at maximum flow (~,10 GPM) until t.~e pump outlet-water cleared. 

TWo 13-gallon plastic carboy samples were then collected. The 

pump was then disconnected and moved to the next location. A 

typical pumping installation is shown in Figure l. 

In 5 wells, the casing size is l-l/2" di.a.meter and would not 
accommodate the standard submersible pump or venturi-jet assembly. 
An air-lift pumping system was permanently installec in each well. 
The air-lift system was assemb_le~ by inserting l / 2" diameter into - .:... 
l ." diameter polyethylene tubing. The inner sur:ace of t..'.e outer. 

tul:)e was cleaned by pushing a demineralized water so~ed cheese-

cloth plug through t.'.e tube ahead of t..~e inner -tul:)e. The top e~d 

of the system was fitted with a specially fabricated adapter whic~ 

allows i~troduction of nitrogen (under pr~ssure) into t~e annulus 
be~"1een the inner and outer tube. The assembly was lowered into 

~,e well to a position where t:he lower end of the outer tU.be is 
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GAMMA-RAY SPECTROMETRY 

Radioacti7~ty in natural water samples generally re~uires 

concentration prior to gamma-ray spectrometry measurements. 

The water samples were concentrated by boiling to reduce the 

sample volume from as much as 26 liters to less than O.lliter. 

Clean.room laboratories were used to avoid contamination of the 

sample with fa,llout and other environmental radioactivity. New 

laboratory glassware was used for boiling each sample. The 

Columbia River samples collected downstJ:ea.m from the reactor 

areas were processed in separate laboratory facilities to prevent 

cross contamination of low-level water samples. The residual 

water and salts remaining after boiling were mounted in plastic 

containers approximately 0.S-inches thick and 5-inches in dia

meter for counting. Dowex-l rather than boiling was used for 

concentration of radioactive anions from some of the large 

volume water samples. 

The radioactive nuclidas concentrated in the water and salts 

remaining after boiling or absorbed on ion exchange resins were 

identified and measured by low-level gamma-gamma coincidence 
spectromeuy. (Ei, 7 ,S,lO) Most of the samples were counted with 

a two-parameter gamma spectrometer consisting of a pair of 6-

inch diameter by 5-inch thick NaI(Tl) detectors. The NaI(Tl) 

detectors each were shielded with NaI light pi pes from the 

radioactivity in the photomultiplier tubes. The detectors 

were contained in a long plastic anticoincidence shield which 
reduces bot..~ the system background and Compton continuum. (G) 

The detector system is shown i.~ Figure 4. Figure 5 shows the 
positions of various radionuclides in the multiplexed two

?arameter gamma-ray spectrometer array. Counting times as 

long as 5000 minutes were used with the lowest activi~y sa.~ples. 
Computer techniques we.re used to .. process the spectral data. (9 ) 

Smaller sample sizes and less sensitive spect:ometers were 

used to analyze the samples collected prior to 1966. 

Several of t.~e more radioactive samples were also measured 

with a high-efficienc-1 Ge(Li) spectrometer to confirm the 

~aI(Tl) results. 

- .:... 
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and comparator standards during ir:adiation were estimated by 

gamma-ray spectrometry using several spectra to obtain half
life information. The low-level, beta-gated, multiple~gamma 
coincidence spect=ometry techniques described in references ( 6, 

l3,l4,lS) we:t:e used when required to measure very small amounts 
of lJnI and 125I. A high sensitivity multiple coincidence 
gamma-ray detector system used for lJOI measurements is shown 

in Figure 7. The backgrounds achieved with this detector 

operated in several multiple coincidence modes are shown in 
Figu:t:e 8 and tabulated in Table I. lJOI decays with the emission 

of three or four coincident gamma-rays as seen in its decay 
scheme (Figu:t:e 9). lJOI spect=a recorded with the multiple 

coincidence gamma-ray spectrometer are shown on Figure lO. 
Figu:t:es ll and 12 show similar spectra for the 135r and 126 r 
activities frequently also p~esent in an irradiated iodine 
sample as a result of the fission of trace impurities and the 
127 I (n ,·2n) 126 I reaction. Disc::imination against 135I and 126 ! 
when counting lJOI can be achieved by Y-Y-Y and y-y-y-y 

coincidence counting. The components in the time dependent 
spectra resulting from the measurements on a single sample are 
calculated using a weighted least squares method. (lS) The data 

handling programs outlined in reference (9) were used for cal
culation of analytical results and preparation of final data 
tabulations. 

The radionuclides detected by gamma-ray spectrometry in Hanford 
reservation groundwaters were 60 co, 106Ru, and the natural radio
active nuclides. Several well-water samples collected close 
to the Columbia River also contained radionuclides cha:acteris~ic 
of Hanford reactor effluent. · 

The results of several sampling and met.hod studies are li5ted 
on Table II fer t.~e nuclides · 60 co, lOG~u, and 129 r. Fractions .c: 
rain, river, and well-..,ater samples were analyzed. i:i t.~e l.acora::or-1 
collection of the radionuclides on Dowex-l colu...-nns and by evapora
tion. Comparison of t.~e results as shown on Table I! confirm 
t.~at t.~e primary species of 60co and 106 Ru in well-waters are 

= 
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are Silmmarized on Table III. The Hanford-area rain-water l 29 I 

results clearly show potential for ~ontamination of well waters. 
Columbia River water c:ollected upstream and downstream from the 
Hanford project yielded results that are essentially all the same 
and substantially lower than local rain except for the 60co in 
the downstream Columbia. River. The 60co concentration is de
creasing since reactor coolant is no longer discharged to the 
Columbia River. No significant increase was observed in the 
l 29 I c:oncentration in the downstream Columbia River water as 
the result of Hanford activities. 
be used to establish the maxi.mum 

in well samples as the result of 
into the ground water system. 

The background well-water 129 I 

The river-water results can 
radionuclide levels expected 
the entrance of river water 

analyses and distilled-water 
l2 . 9 I analyses were positiv9 when corrected for our best estimates 
of the laboratory blank. These results are very close to the 
detection limit for l 29 I and may be the result of an unknown 
analysis artifact or may represent an approximate value for 
the 129 I content of the samples. 

1962-1968 Samoles 

The 129 I concentration values (atoms/liter) observed in water 
from the wells sampled between 1962 and 1968 have been located on 
a map of the. Hanford Area (Figure 13) • When samples f:om several 
piezometar tubes in the same well wers analyzed, the max~ 
observed 129 I concentration was plotted. Many of t.~e water samples 
were found to contain much more l 29 I than was found in the river
water and background-area well-waters. The largest concentrations 
were observed in water from t.~e 200W and 200E Area wells. 129 r 
concen<:rations observed in most Hanford project well-waters 
analyzed were significantly higher_t.~an t.~e values cbserJed :or 
the Columbia River. 

I 
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129I, especially well 699-35-9. This suggests a possible 
increase in groundwater flow in an easterly direction. 

The author wishes to acknowledge the assistance of E. I. 
Wandling who collected many of the recent samples; H. Tenny, 
R. S. Strebin, Jr. and J. H. ICaye who modified the 129 I analysi s 
procedure to handle large water samples; L.A. Bond, S. C. Simpson , 
v. B. Saling, L. w. Schock, w. L. Orange, J.E. Fager and past 
members of the Radioch'emical Analysis Section who performed 
the analyses; and N. E. Ballou, R. E. Brown and o. J. Brown for 
the helpful discussions and comments . 
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TABLE I 

BACKGROUND MEASUREMENTS ON SEGMENTED Nal(TU DETECTOR 

NUMBER OF Nal(TI) SEGMENTS DITECTING AN EVENT 
ANTI- BETA 1 2 3 4 

CO I NC I DENCE GATE SHIELD COUNT RATES, 0.1 -4.0 MeV (CPM) 

830 23 2.2 
I 

NONE OFF 100 t--4 
...... . I 

NONE ON 1.0 0.18 0.053 0.005 

OFF OFF 740 125 13 l. 5 

OFF ON 0. 75 0.16 0.024 0.002 

ON OFF 416 40 3.2 0.54 

ON ON 0.69 0. 14 0.018 0.0()1 

I 

J· 
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TABLE III 

SUMMARY OF RAIN, RIVER AND WEI.L-WAl'Elt CONCENTRATIONS, 

SAMPLES COLLECTED 1962 to 1372 

Concentration Ranaes 

l29I 60cc 106Ru 

(atoms/li tar) (pCi/l) (pCi/l) 

Hanford Area Rain o.02-6xloll 0.01-0~2 • S-lO • . 
l-5xl0 9 Upstream Columbia River < .en .2-.4 

Downstream Columbia River l-2xl0 9 .007-.6 .004-2. 

Snake River l-2xlo 9 
< .oos .l-.3 -

Yakima River l-2xl0 9 
< .003 <. 4 

Artesian Well 699-53-103 0.6-6xlo 8 

2-9xlo 8 -
Washington, D. c. Well 

Troutdale, Oregon Well Sxl0 8 
< .004 ,. . 3 

Thousand Springs, Idaho Well 2xl0 7 
< .0003 <.06 

Distilled Laboratory Water 7 .007 <.03 3-7xl0 < 

7 

Hanford Separations Area Wells lOlO -lO l 7 100.-2,000,000. 

Hanford Reservation Wells near River 3xl0 8-10 12 .OOl-0.3 .001-37. 

- .... 
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DIAGRAM OF ION EXCHANGE FILTER SYSTEM 
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MULTlPLEXED TWO-PARAMETER GAMMA SPECTROMETER ARRAY 
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1301 DECAY SCHEME 
SHOWING MULTIPLE GAM,MA-RAY TRANSITIONS 
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135
1 SPECTRA IN FOUR SEG~"v\ENTED Na l (TI) DETECTOR 

104 

103 

V, ,__ 
z 
::) 

0 u 

102 

r .. 

I 
I , __ 

\f\ \ 
A ,,, 1, I , ' "--J. .. , ,'\.I'."'. ~ ,. • 

/ ,/ \]\' .\' ,- r , .... 1 , , ,,.,., . , . . , 
j \"-1 V l.', 

I"\ i ~ \' I l i ·,, · ' I 
;. •. i f'\ i 
;'lw v ~ , 
j ( ,•I I 
. I l I . 

~ i I 

!~ 1~Y''fYY 1 · r' · · I 
I -~ i ~ r \ I 
q!'i !! i~ ! 
!j!• !' \j 
1i! ~ I 

' 
i 1 • I . I 

f; !1 ! 
·' •i I I 

~

/! !j; . ,, .. I 
I ·· ! I i 
j ! 1 I i ' 
. II .. 

1.0 2.0 
MeV 

3.0 

- ...... 

= 



I' ,._ ,.. 

COUJMBIA 
RIVER 

-

., • m. ~n 
~ . n 

.... .,. . ....... ~ -··- . '",,.., __ 

10U.ms 1291/J 

l 10u ltOffls 129"" 
1o'11ams 12911.i 

0 

.. .. , ... 

? 4 

Mil.ES 

4 

6 

0 
11 

n 

-33-

n 
n n 

n 
II a 
a I 

I 

-~ 

n 

I 
I 

~ 

I . .., 
I 

I 

• 
e 

,. 

I 

n 

= 



. co. . r-..... 
' U"') 
" c::J" ,, 
co -f".J 

. l'M -........ 
Q ... , 

' 

1olO pCi 60~11a3 .t 

t 
l pCi 60co11o3 t 

-35-

1964-1%6 

fl 

n 

E'!GCP.E 15. 60 co !~ H1'EFOP.D wc::::.L-WATER S1'.l1PLES 1 964-1966 

-- r. . JI 



I 
- I 

--.. 

-37-

1971-197'2 

·-

' :,-

e n n 
n 
n 

n a n .. 
Ill 

n 11 

ti 

• 11 

\OlO pCi lO¾u11a3 J. d I ~ 
ll ll 

' \ 

l pCi l06R u/la3 .t 
\ ' 

\ I 

\\ - ~-
·. I 
\ \ 
i ' 

= 



THIS PAGE INTENTIONALLY 
LEFT BLANK 

-• 



--co 
u-, 
c::t 

I~ 
I C"-.J 

!"4'"':; 
1-
t -=-, a,., 

REFERENCE 24 
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Rav. No. 2, l/86 
UST-RO-PM-9-80 

PURIFICATION OF URANIUM SY ISMK 
(HEXONE) EXTRACTION 

Principles and Limitations 

uranium, as tetrapropylammonium uranyl trinitrat•, is 
extracted from an acidic solution of acid deficient aluminum 
nitrate and tetrapropylammonium hydroxide with isobutylmethyl 
ketone (IBMK). Less than l\ of th• one-year-cooled fission 
products are extracted. M~st anions, with th• excaption of 
tungstate and ferrocyanide in high mole ratios to uranium do 
not affect the 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 th• ketone. Chemical 
recoveries are determined using standard uranium or U-2J2 
yield monitors. 

Literature References 

aooman, c. L., and Rein, J. £., Nuranium," Treatise on 
Analytical Chemistry, edited by I. M. Kolthoff and p. J. 
£lvinq, Part tI, Volume 9, Intar-Science Publishers, New York, 
1962, . PP l-188. 

Maack, w. J., Booman, G. L., Elliott, M. c., and Rein, J. £., 
"Separation of Uranium from Diverse Ions," Anal. Chem., Volume 
l,g_, l9S8, p 1902. 

Nietzel, o. A. and de Sesa, M.A., "Spectrophotometric 
Determination of Uranium with Thiocyanate," Anal. Chem., li_, 
1957, p. 7S6. 

Reagents 

All raagents are prepared from analytical reagent grade 
chemicals. Class ID.I. water is used throughout this proce
dure. 

lSM HNO3 - stock reagent. 

JO\ Hydrogen peroxide. 

10\ Tetrapropylammonium hydroxide. 

2M HNO3 - Pour 125 mL of lSM HNO3 into C.I. water and dilute 
to l liter. 

-~. 

CR2:[7,7)l46 Ref. 24. 1 
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Isobu~ylmechyl ketone - stock reagent. Also called hexone ,3nci 
ISMK. 

Ruthenium eye - 2 g~ams ruthenium crichloride hydrate 
dissolved and diluted to l liter with c. I. water. 

2.8M Al(N03)3 Salting Solution, lM Acid Cef i ciant: 

1. Place 1050 grams (2.Jl lb) 'Al(NO3 ) 3·9H2o into a 2 
liter beaker. 

2. Dilute co 900 mL with c. I. Water. Warm until 
dissolved. 

J. 

4 • 

Add 67.S mL of concentratad NH 4oH (am~onium 
hydroxide) and stir for several minutes until cha 
hydroxide precipitate dissolves. 

Cool co less than SO degrees C and dilute 
approximately co the l liter mark with o. I. Water. 

3. Remove any u_r.3nium contamination by placing the 
salting solution in a 2 liter separacory funnel, 
adding .3bouc 200 mL of IBMK and shaking manually for 
3 minutes. Crain the salting sol~tion back in the 2 
lit~r beaker. Crain the ISMK to a 400 mL beaker 
containing 2S mL o.I. water. 

6. Check the solution for uranium concamination by 
evaporating the ISMK co dryness. Place 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 steps. A count race less than can times the 
background would indicate further dacont~mina~ion o: 
the salting solution unnecessary. This is based on 
a 90, decontamination efficiency. 

7. Add 10 mL of tecrapropylammonium hydroxide and stir 
until dissolution is complete. 

£guiomenc and Mat9rials 

8 position stirring unit 

l l/2 or 2 inch magnetic s~ir bars 

beakers: SO, 100 or 230-mL 

- ~. 

CR2:(7,7]l46 
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heat lamp 

Two liter beaker and separatory funnel for reagent 
purificacion 

Procedure 

•Refer to procedure 30-BA-SP for Bioassay Samples o~ JO-ENV-SP 
for Environmental Samples for th• appropriate bioassay or 
environmental sample preparation procedure. 

l. 

2. 

Boil th• solution from a sample preparation procedure to 
near dryness or until solids start forming. If the 
sample becomes dry or solidified, add l mL (or more as 
necessary) of 2M HN03. 

Add lO mL of Al(N03)2 salting solution for each l-2 mL of 
sample. The salts from lOO mL of urine can be 
dissolved/suspended in about l mL of 2M HNOj. Example: 
Sample volume is -3 mL. Use 20 mL of Al(N03)2 salting 
solution. 

3. Add l mL ruthenium dye and one teflon coated magnetic 
stirring bar. 

KEY POINT: Th• ruthenium dye assists in determining 
phase separation. Ruthenium remains in t h e 
aqueous phase (lo~er layer) and is black in 
c~lor. _ The organic (upper layer) phase 
should be colorless. 

4. Add lO mL of IBMK (hexone) and scir for five minutes on a 
magnetic stirrer. 

s. Remove the beaker from the stirrer and allo~ cha phases 
co separate. 

KEY POINT: If the phases won't separace within lO 
minut9S, separation can be achieved by 
centrifuging. 

6 . Carefully pour most of the ISMK (upper layer) inco a 
labeled SO mL beaker. Ac least 90; of IBMK can be pourad 

7. 

off in this way. -~ 

KEY POINT: If !.!l:!..bottom layer goes into the 30 mL 
beaker, remove it with a pip~c and cransf9r 
to the original beaker, or recombine the 
layers and try the separ3ti~n again. 

Add a second lO mL of !BMK and stir for 2-J minuces. 

DR2:[7,7)l46 Ref. 24. 3 _ 
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Repeat steps Sand 6, combining with tha first IoMK. 

a. Placa the 50 mL beakers ~nder a heat lamp in the order o f 
increasing sample identification number and fill each 
beaker to th• 40 mt. mark with o. I. Water. Evaporate to 
dryness. 

9 • . 

KEY POINT: l. Arranging the beakers in order will avoid 
any error in case the ISMK removes any 
identification from the beaker. 

2. Water helps to control the temperature. 
IBMK can boil under heat lamp 
temperatures. When this happens, the 
sample will turn yellow in color and dry 
to a dark residue. Wet-ash with a few mt. 
l6M HN03 and a few drops of 30\ H203. 

Depending on the type of uranium analysis r~questad on 
the sample, proceed to one of the following three 
procedures: 

a) Only Uranium Isotopic is Requested - Proceed to the 
£lectrodeposition Procedure, 30-£0-02. 

b) Only Natural Uranium requested - Proceed to 
"Fluorometic Determination of Uranium," 20-U-OJ or 
"Oetermination of Uranium by Kinetic Phosphorescence 
Analysis", 20-u-os. 

t. A S T P A G i: 

I /-;,/6c 
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F~tJOROMETRIC OtT~RMINATION OF URANIUM 
FOLLOWING PURIFICATION 

Principles and Limitations 

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

Literature ~eferences 

Beeman, G.L. and Rain, J.E., •uranium~, Treatise on Analytical 
Chemistry, edited by t.M. Kolthoff and P.J. Elving, Part II, 
Vol. ~ Intarscienca Publishers, New York, 1962, pp. l-188. 

Reagents 

2M HN03 

Flux for Fluorometric uranium Determination 

l. Add 9.l g fluorometric grade lithium fluoride to al 
pound (4S4g) bottle of fluoromecric grade sodium 
fluoride. Seal the bottle and mix overnight on a rolling 
mixer. 

2. Check the 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\ oe normal values. 
are expected to read less than o.ooso. 

£guioment and Materials 

Beakers, l-L and 250-mL 
Covered mecal racks for holding ?lacinum dishes 
Plai:inum dishes 

Blanks - .. 

CR2:[7,7ll47 Ref. 24.S -
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Pipec - lOO u~, 200 u~ 
Pipec tips 
Pelletiz•r 
Fused-pellet fluoromecric equipment 

Calculations - Uranium Radiometric Yield 

20-U-03-02 
Rev. No. 2, l/86 
UST-RO-PM-9-80 

dpc • councing efficiency as disintagracion par count 

Y • sample yield~ (cpm)(dpc)/(dpm uranium ~dded to the 
spik.• sample) 

Calculations - uranium Fluoromecric 

SAM -
B~ -
SP -
SPC -
y -
v- -. 
VA -
V;:t -
V -
SAM - a~ 

Sample reading 

Blank reading 

Spika plus sample reading 

Spike value in micrograms par m~ 

Radiometric spi~e yield. Use Y • l.O if result is 
not to ce yield corrected 

Total sample volume 

Sample volume analyzed 

Volume of 2M HN03 to aissolva reslaue (seep l). Use 
4 mt. for CO£ bioassay samples, 10 m~ for ~ll others. 

Ali~uot ot VR 

sPc co.as me.> VR VT 

--------- x ------------- x ------ x ----- • ug U/sampla 
SP - SAM '{ V VA 

This calculacion may be used f~r solid sample by dividing by 
sample weigh~ in grams. 

Section A: Quality Control 

l. Quality control checks are co be performed every day th~c 
samples are to be inaly:ed by the fluorometric procedure. 

2. Sec_ up the platinum dishes on a covered metal rack, 
pl~cing 4 low-level dishes and J spi~e dishes i n two 

-, 

~R2:(7,7]l47 Ref. 24 . 6 
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KEY POINT: The extra low-level dish is for the blank 
sample. The spike dishes should be in the 
front row. The rows are separated to · 
minimize cross-contamination. 

3. Add exactly l00 ut. (microliters) of QC tl to a low-level 
dish and to the spike dish. 

4. Repeat Step #3 for QC *2 and QC *3 spikes. 

s . 

6. 

7. 

8. 

Add exactly SO ut. of natural uranium standard to each 
spike dish. 

Add 100 ut. of 2M HN03 to every dish. 

Place the rack supporting the samples under a heat lamp. 

Prepare a rluoromatric Analysis Sheet as shown in 
Procedure i60-23-0l and below: 

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

9. Remove the QC rack from under the heat lamp when the 
dishes are dry. A!ter the QC samples are measured take 
the data to your supervisor for evaluation. Go to 
Section C, Fluorometric Analysis. 

Section a: Samole Dissolution and Uranium Radiometric Yield 

l. To th• residue from a uranium purification procedure, add 
exactly 10 mL (4 mL for 00£ bioassay samples) of 2~ HN0 3 . 
Swirl to eff•ct dissolution. 

NOTE: If the results are to be yie~d-corrected, go to 
step 2. If not proceed to Section c. 

Transfer exactly l mt. to a previously labeled l.S in~h. 
s.s. p:anchet and dry under a heat lamp . Co co ~ection 
C, rluorometric Analysis. 

3. Count the planchet for SO minutes with an alpha ?ro
portional counter to cieter~ine the U-232 t~acer yield . 

- ... 
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Section C: Fluoromecric Analysis 

1. Analyze Hanford 00£ and RMI urine samples in duplicace 
(cwo spike dish•s and cwo low-level dishes for each 
sample). Ochers: one apika, one low-level dish per 
sample. 

2. Sec up platinum dishes for the samples on a rack. Place 
a corresponding spike dish in front oe each low-level 
dish. Add one excra low-level dish for che blank after 
each sec of four samples. 

3. 

4. 

Pipec SO uL of uranium standard containing about l0 
micrograms uranium par milliliter into each spike dish. 

Switl cha s~m~l• solutions well and pipec zod uL (100 uL 
for £RA samples) into each sec of spike and ~on-spike 
dishes per sample. Maintain identificacion by a mapped 
arrangement. 

s. Place cha sample rack under a heac lamp and slowly cake 
all dishes co dryness. 

6. Prepare co fus~ cha samples on che fusion wheel as 
follows: 

a. Turn on che air purifier. 
b. Turn on cha burner exhaust fan. 
c. Open the air valve. 
d. Open cha gas tank valve several curns. 
e. Light ch• burners. 
f. Adjusc cha burners co obtain che desired flame. 

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

a. Place cha dishes on the fusion wheel in a sample-spike, 
sample-spike order, and sec cha timer for three minuces. 
The fusion cemparacura is regulaced between 1750 and 1780 
degrees F. tach sample is fused twice. Retain dish 
idencificacion by maintaining a consiscenc order 
chroughouc cha fusing and reading process. 

9 • While che samples are fuslnq, sac up the :luorom~car ~s 
follows: 

a. Open the lighc shuccer, which is Kepc closed whgn n~t 
measuring samples. 

b. sec ~ha reading ac zero on all scales. 

c. Sat cha t8 position standard co read 5. 

OR2:(7,7]l47 Ref. 24.8 
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KEY POINT: It is necessary to push th• middle button on 
th• digital readout it •oL" appears on the 
display. 

d. Th• t9 position standard should read less than .0023. 
If it is above .002S, the fluorometer may need 
servi ce . Consult your supervisor. 

e . Recheck the zero. 

10. Remove the samples to the metal racks after they have 
cooled from the second fusion. 

ll. Prepare the analysis sheet by recording the sample 
number, volume of sample analyzed, volume of ~ranium 
spike used, strength of uranium spike i nitia.ls of 
technician, data of analysis and any other comments 
pertinent to the analysis. See section 60-2J for 
instructions. 

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

13. After reading the sample, remove the platinum dish from 
the fluorometar, discard the pellet, and place the 
platinum dishes in its appropriate "low-level" or "spi k e" 
beaker. 

14. Add about 200 mL of 16M HN03 to each l liter beaker 
containing the platinum dishes. Place on an oscillating 
hot plate and boil for about l hour. Remove and allow ~o 
cool. Oecan~ the HN03 acid to a cup sir.k with runn i ng 
water. Rinse with c.I. water liberally and decant to the 
sink. 

KEY POINT: Allow the tap water to run i n the sink for 
at least five minutes to di l ute the acid. 

13. Repeat step _ll. 

16. Add about 200 mL of O.I~ wa~er to each beaker and place 
on hot plate again and allow to boil for 30 minutes . 
Decant o.I. water and rinse twice with O.I. water. 
Remove as much water as possible and transfer -dishes to 
250 mL beakers labeled appropriately. The placinum 
dishes are no~ ready for ra-use. 

OR2:(7,7]l47 Ref. 24 . 9 
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OETERMINATION or TRITIUM IN WATER SAMPLES 

Principles and Limitations 

Tritium in water is measured by a direct count of the 
distilled sample using a liquid scintillation spectrometer. 
After distillation, a sample of S milliliters is pipetted into 
lS milliliters of scintillator solution. The mixture is 
transferred to the refrigerated sample changer of tha liquid 
scintillation counter and is allowed to r4main there for - 24 
hours before counting is begun. This waiting period allows 
temperature equilibrium to be reached and the decay of 
chemiluminescence within the plastic vials. The counting 
efficiency of each sample including corrections for quenching , 
is datarminad by using the external standard techniqu•· A 
quench curve is obtained by counting samples with known 
amounts of tritium and varying amounts of quenching matarial, 
Th• degree of quenching is determined using an external 
radioactive source and this is correlated wi th the counting 
efficiency of the appropriate standard. Whan a sample is 
counted, the liquid scintillation counter deta~mines the 
sample's quench parameter and compares it to the quench curve 
to obtain cha counting effici•ency. 

Literature Reference 

Florkowski and Williams, "Liquid Scintillat i on Counting of 
Tritium in Water with Triton Emulsion Systems", Int. J. 
Acplied Radiation Isotooe, !.!_, p. 377, (1968 ) . 

Standa~d Test Method for Tritium in Water, ASTM 02476-Sl. 

United States Testing Company, Inc., Computer Calculation 
Program R£ES Manual. 

Equipment and Materials 

Soiling flask, 500 mL 

Condansing column 

Hea~ing mantle - six position - currently using one manu
e3ctured by Gl3s-Col Company 

Spatula 

aeake~ (SO mL) 

Polyethylene bo~tle (100 mL) 

- .... 
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Aut~matic pipet - S mL adjustable with disposable tip 

Plastic scintillation vials - 25 mL size to fit LSC sample 
changer 

Automatic dispenser - one liter capacity with l-20 mL 
dispenser 

Reagents 

•oead• water, water which contains little or not tritium. 

Hydrochloric Acid, concentrated. 

Potassium hydroxide, pellets 

Liquid Scintillation cocktail - A. R. Crade - Ready-solv MP, a 
solution prepared by Backman, is currently being used 

Calculations 

Type OAT to calculate che tritium concentration in water 
and the total propagated uncertainty. !or samples whose 
results require immedia·c• reporting, cha activity 
concentration and the counting uncertaincy may be manually 
calculated using the equations below: 

A • K (C - Be) 

cu•+ K x [2] SQR (C/Tc + Sc/Tb) 

where: 

A 

K 

cu 

C 

Tc 

Be 

Tb 

1000 

-
• 

-
• 

-
-
-
• 

activity in pCi/L. 

1000/(2.22 (E) V (Y)). 

t~o sigma counting uncertainty in pCi/L. 

gross counts per minute in the tritium region of 
interest (ROI). 

sample count length in minutes. 

background counts per minute in the tritium ROI. 

background count length in minutes: 

mL per L • 

OR2:[7,6]l32 Ref. 25.2 



-C-,...J 
:N"") ·-1......,... 
: C"-

2.22 

V 

y 

SQR 

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

• disintegrations per minute per picocurie. 

• counting efficiency using a tritium radionuclide 
standard. 

• sample volume in mL. 

• chemical yield-

• square root 

Not• that the above equation for th• counting uncertainty 
represents only the uncertainty from counting statistics, 
while th• computer program calculates the total propagated 
uncertainty. 

Procedure 

For samples requesting a tritium analysis, save about S00 
mL in a sample container. (The sample may be composited 
for a month or quartar) Take the same volume of sample 
and measure accurately when compositing. 

2. Transfer 250 mL to a boiling flask. Add l to 2 grams of 
potassium hydroxide Cl to 2 pellets) and a boiling chip. 
Prepare spikes and blanks in accordance with Table l of 
JO-E:NV-SP. 

J. The boiling flask and condensers are pre-connected on a 
six position heating unit. Use a SO mL beaker for the 
collection vessel. 

KEY POINT: Ba sure chat cold water is running through 
th• condenser column from bottom to top. 

4. Turn on th• heating mantle and sat the timer for JS 
minutes, adjust th• temperature so that the sample is 
boiling lightly. After the sample has boiled for a 
little while, check the beaker. If th• distillate volume 
is 10 mL, remove and immediately replace with a poly 
bottle. This takes about 15 minuces. Collect about 25 
mL of the distillate for the analysis. This takes about 
20 minutes. 

3. Whan the sample distillation. is fin is had, allow cha 
glassware to cool ~nd drain the remainder of che sample 
to waste. Clean the equipment for the next sample by 
rinsing with concentrated HCl, liberal amounts of o.r. · 
water and finally with "dead" water. 

6. Write the sample idencificacion number on che cap of the 

- ~. 
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scintillation counting vial. Transfer S mL of the sample 
plus lS mL of scintillation solution to the counting 
vial. For higher level samples add l mL of sample and 4 
mL of •dead" water. Cap the samples and mix well by 
shaking vigorously. A blank is made with "aead" water. 
A spike is made by adding prepared calibrated H-3 spike 
(vial code EOM) ~o a vial containing liquid scintillation 
cocktail. 

KZY POINT: Do not prepare samples in the cassette. 
Spilled scintillation solution can destroy 
them. 

Clean the vial with a Kimwipe just before loading it into 
the cassette~ The temperature of the liquid scintilla
tion spectrometer is about SOOF. 

t.oad the blank in position one, spike (if any) in 
position-two, followed by the samples. 

P'C'epare a Tritium Counting Request Card a-s described in 
60-21-0l and indicate the location of each sample in the 
cassetta. There are lO positions in each cassette, 
numbered one through ten. If more than one cassette is 
used for - a batch of samples, the position numbers for 
samples in the second cassette begin with ll. 

Counting times: 

t.ow level water 

Enriched cricium 

Fruit 

Silica Cal (Air) 

Milk 

Cic-ound water 

Intermediate level 

lSO minutes 

J x 150 minutes 

150 minutes 

lSO minutes 

150 minutes 

lOO minutes 

SO minutes 

10. · Transfer . the cassettes with scintillation vials and the 
request ticket to the counting room for liquid 
scintill~tion counting. The cassettes are loaded into 
the t.iquid Scintillation counter and the appropriacg 
program is chosen for couneing. 

ll. The samples are kept in the liquid scintillation couneer 

- .... 
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abouc one d~y before councing is begun. This provides 
cima for fluorescence and any ocher excicacion co decay. 

l2. After counting, remove ch• samples from cha liquid 
scincillacion eounc•r ~nd transfer to storage. Submit 
•ll data, along with cha C.iquid Scintillation Request 
Card, co cha data handler. 
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ANALYTICAL CROUP~: 730,731 

VOLATILE ORGANIC ANALYSIS, METHOD 8240 

TAB V 

Cl) Volatile organic compounds are determined by GC/MS. Th• 
compounds are incroducad into th• GC/MS by a Purge and Tra~ 
device according co Method 5030. 

(2) Th• Mass Spectrometer is tuned to meet the Ion Abundance 
Criteria as outlined in Table 2 of method 8240, by direct 
injection of 50 ng of Bromoflourobenzene (SFB) followed by 
software or hardware tuning as may be required. Tuning 
verification is demonstraced at th• beginning of every 
12-hour work shift by additional injections of 50 ng of 
ara. 

(3) Samples with high levels of volatiles, oils, or other 
compounds that have a high potential for contaminating th• 
system are diluted prior to analysis. It is important co 
note that this dilution procedure will raise the detection 
limit of the analyces. 

(4) A system blank is run prior to the analysis of any 
standards. 

CS) An initial S point calibration for each analyce in the 
•carget• list is mad• prior t~ the injection of any 
samples, blanks, or associated OA/OC samples. Response 
factors are calculated consistent with 7.l.3 of th• method . 

( 6) 

Calibration is verified by the analysis of a mid-point 
calibration standard for every 12-hour shift when samples 
are co be analy:ad. The response factor for each analyce 
must be within+ 20\ of th• response factor used for 
quantitificationof sample concentrations. 

A minimum of three surrogate compounds, representing a 
range of Boiling Points, are added to the samples at a 
level of 50 ug/L as caiculated in the initial S mL sample. 
Recovery limits for the selected compounds are monitored. 
Control limits for recovery data are calculated from the 
data base that is obtained from sample analy~is. The three 
surrogate compounds are: 

l,2-0ichloroethane 
Toluene 
Bromofluorobenzane 

Ref. 26 . 1 
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(7) Until such time that sufficient in-house data is available, 
u.s. EPA Control r.imits are used as available (see Tabla 
A) • 

( 8) 

samples that exhibit racoveries outside the control limits 
are re-•nalyzed a second time. If th• recoveries are st i ll 
outside of the control limits, it is possibly because ~f 
matrix affects. 

Matrix spike recoveries are determined for the following 
compounds and concentrations: 

Compound Coda 
Concentration 
(ppb) 

--------------------------------------------------
BENZENE: A62 so 
----------------------------------------------TOr.UENE A66 so 
--------------------------------------------TRICHr.OROE:THENE: 

CHr.OROBE:NZE:NE: 

A69 

A78 

so 

SQ. 

-----------------~----------------------------------l,l-OICHLOROE:THE:NE: A92 so 

(9) A reagent blank is analyzed with each batch of samples. 
Th• blank may not contai.n ch• compounds listed above at levels 
exceeding S ug/L or SO\ of the reported detection limit for that 
parameter. In the event thac chis level is exceeded, cha 
appropriate apparatus will be cleaned and blanks will be 
analyzed until satisfactory results are achieved. 
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METHOD 8240 

GC/MS METHOD FOR VOLATILE ORGANICS 

1.0 Scace and Application 

1.1 Method 8240 is used to determine volatile organic compounds in a 
variety of solid waste matrices. This method is applicable to nearly ali 
types of samples, regardless of water content, including groun<hilater, aqueous 
sludges, caustic liquors, acid liquors, waste solvents, oily wastes, mousses, 
tan, fibrous wastes, polymeric emulsions, filter cakes, spent c~rbons, spent 
catalysts, soils, and sediments. 

l.Z The detection limit of Method 8240 for an individual compound is 
approximately l ~g/g (wet weight) in waste sanq,les. For s~nples containing 
more than l mg/g of total volatile material, the detection limit is propor
tionately higher. 

1.3 Method 8240 is based upon a purge-and-trap, gas chromatographic/ 
mass spectrometric (GC/MS) procedure. This method is restricted to use by or 
under the supervision of analists experienced in the use of purge-and-trap 
systems and gas chromatograph/mass spectrometen and skilled in the interpre
tation of .mass spectra and their use as a quantitative tool. 

2.0 Summary of Method 

· Z.l The volatile compounds are introduced to the gas chromatograph by 
direct injection, the Headspace Method (Method 5020), or the Purge-and-Trap 
Method (Method 5030). ~ethod 5030 should be used for groundwater analysis. 
The components are separated via the gas chromatograph and cetecte<t using a 
mass spectrometer which ts wsed to provide both qualitative and quantitative 
information. The chromatographic conditions as well as typical mass spec
trometer operating parameten are given. 

2.2 If the above sample introduction techniques are not applicable, 
a portion of the s~nq,le ~an be dispeMed in methanol or polyethylene glycol 
(PEG) to dissolve the volatile organic constituents. A portion of the 
methanalic or PEG solution is combined wit~ water in a specially designed 
purging chamber. An 1nert gas is then bubbled through the solution at 
ambient temperature and the volatile comnponents are efficiently transferred 
friJIII the aqueous phase to the vapor phase. The vapor is swept through a 
sorbent column where the volatile components are trapped. After purging is 
completed, the sorbent cQlumn is heated and backf1ushed with inert gas to 
desorb the components onto a gas chro,natographic column. The gas chroma
tographic column is heated to elute tl'ie components, which are detected wii:, a --. 
mass spectrometer. 

2.3 An aliquot of each sample must be spiked wit~ an ap~ropriate 
standard to determine percent recovery and detection limits for that samp-le. 

Ref. 26. 3 • 
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2 / ORGANIC ANALYTICAL METHODS - GC/MS 

2.4 Table l lists detection limits that can be obta fned i r. wastewaters 
in the absence of interferences. Detection limits for a typical waste sample 
would be significantly higher. 

TABLE l. CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION LIMITS 

-----------
Retention time Method 

(min) detection 11 mi t 
Parameter Column 1a {µg/1) 
~---------
Chloromethane 2.3 NO 
Bromomethane 3.1 NO 
Vi n,t 1 ch 1 ori de 3.8 NO 
Chloroethane 4.6 NO 
Methylene chloride 6.4 2:a 
Trichlorofluoromethane 8.3 NO 
l,l-Oichloroethene 9.0 2.8 
1,1-0ichloroethane 10.l 4.7 

- trans-l,2-0ichloroethene 10.8 l.6 
Chloroform ll.4 - l.5 
1,2-0ichloroethane ·12. l 2.8 
1,1,1-Trichloroethane . 13.4 3.8 

·~ Carbon tetrachloride 13.7 2.8 
Bromodichloromethane 14.3 2.2 
1,2-01 chl oropropane . 15.7 6.0 
trans-l,3-01chloropropene 15.9 s.a 
Tri ch 1 oroethene 16.5 1.9 
Benzene 17.0 4.4 
Oibromochloromethane 17.l 3. 1 
1,1,2-Trichloroethane 17.2 s.o 
cis-1,3-0ichloropropene 17.2 NO 
2-Chlo.-oethylvinyl ether 18.5 NO 
Bromoform 19.8 4.7 
l,l,2,2-Tetrachloroethane 22.l 6.9 
Tetrachloroethene 22.2 4.1 
Toluene 23.5 5.0 
Chlorobenzene 24.5 6.0 
Ethyl benzene 25.4 7.2 

. 1,3-0ichlorobenzene 33.9 NO 
1,2-0ichlorobenzene 35.0 NO 
1,4-0ichlorobenzene 35.4 NO 

------- --NO• not determined. 
acolurnri conditions: Carbopack 8 (60/80 mesh) coated w1tn 

l~ SP-1000 packed in a 5~ft by 2-<mt I.D. glass column with helium 
carrier gas at a flow rate of 30 ml/min. Column temperature is 
isothermal at 45• C for 3 min, then programmed at a· C per minute 
to 220• and held for 15 min. 

-~. 
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. """' c.:::J 

"'°· C::l 

" 0:::, ·-~ 
~~ -·· ..,,.._ 
0--,, 

8240 / 3 

3.0 Interferences 

3.l Interferences coextracted from the samples will vary considerJciy 
from source ta source, depending upon the particular waste or extract oeing 
tested. The analytical system, however, should be checked ta ensure 
freedom. from interferences under the ccndit1ans af the analysis by running 
method blanks. Method blanks are MJn by analyzing organic-free water in the 
normal manner. The use of non-TFE plastic tubing, non-TFE thread sealants, 
or flow controllen with ruboer components in the purging device should be 
avoided. 

3.2 Samples can~ contaminated by diffusion of volatile organics 
(particularly ~.ethylene chloride) through the septum seal into the sample 
during shipment and storage. A field blank prepa~ fraa organic-free water 
and carried through the sampling and handling protocol can serve as a cnecx 
on such contamination. 

3.3 Cross contamination can occur whenever high-level and low-level 
samples are sequentially analyzed. To reduca cross contamination, the 
purging device and sample syringe should be rinsed out twice, between samples, 
with organic-free wat!r. Whenever an unusually concentrated sample is 
encountered, it should be followed by an analysis of organic-free water to 
check for cross contamination. For samples containing large amounts of 
water-soluble materials, suspendeu solids, hign boiling compounds, or high 
organahalide levels, it may be necessary to wasn out the purging device wi tn 
a soap solution, rinse with distilled water, and then dry in a ios· C. oven 
between analyses. 

3.4 Low molecular weight impurities in PEG can be volatilized during 
tne purging procedure. Thus, the PEG empioyed in this method must be puri
fied before use as described 1n Section 5.2. 

4.0 Accaratus and Material1 

4.l Sampling equipment 

4.l.l Vial: 25• 1 capacity or larger, equipped with a screw cap 
(Pierce 113075 or equivalent). Oetergent wasn, rinse with tap and 
distilled water, and dry for l hr at 10s· C before use. 

4.l.2 Septum: Teflon-faced silicone (Pierce ll2722 or equivalent ). 
Detergent wash, rinse with tap and distilled water and dry at 10s· C for 
l hr before use. - .a.. 

4.2 Purge-and-trap device: The purge-and-trap device consists of 
three separate pieces of equipment: the purging chamoer, trap, and the 
desorber. Several complete devices are now comnercial.ly available. 

Ref. 26. 5 -
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4 / ORGANIC ANALYTICAL METHODS - GC/MS 

4.2.l The purging chamber must be designed to accept 5-ml or 
25-ml samples with a water column at least 3 on deep. The gaseous head 
space between the water column and the trap must have a total volume of 
less than 15 ml. The purge gas must pass through the water column as 
finely divided bubbles with a d1ameter of less tnan 3 mm at tne origin. 
The purge gas must be introduced no mo~ than 5 11111 fra11 the base of the 
water column. The purging chamber, illustrated in Figure l, meets 
these design criteria. 

4.2.2 The trap must be at least ZS 0n long and have an ins ide 
diameter of at l east 2.5 mm. The trap must be packed to c:ontain the 
following minimum lengths-of~dsarbents: l.O 0n of m2thyl-silicone
c:oated packing (Section 5.3.2), lS 0n of 2,6-<tiphenylene oxide polymer 
(Section 5.3.l), and a 0n of silica gel (Section 5.3.3). The minimum 
specifications for the trap are illustrated in Figure 2. 

4.2.3 The desartler must be capable of rapidly heating the trap 
ta iao• C within 30 sec. The polymer sect1on of the trap should 
not be heated higher than iao• C and the remaining sections should not 
exceed 220 • C. The desarber des 1 gn, 111 ustrated in Figure 2, meets 
these criteria. 

4.2.4 The purge~nd-trap device may be assembled as a separate 
unit or be coupled ta a gas chranatograph as illustrated in Figures 3 
and 4. · 

4.3 Gas chromatograph/mass spectrometar system 

4.3.l Gas chromatograph: An analytical system complete ,,.;tn a 
temperature-programnable gas chromatograph and all required accessories 
including syringes, analytical columns, and gases. 

4.3.2 Column: 2-m x 2-mm I.O. stainless steel or glass, packed 
with l~ SP-1000 on 6-0/80 mesh !:arbapack a or equivalent. 

4.3.3 Mass spectraneter: Capable of scanning from 40 to 250 amu 
every 3 sec or less, utilizing 70 volts (naninal) electron energy 
i_n tne electron impact ionization made and producing a mass spectrum 
which meets all the criteria in Table l when SO ng of 4-oromafluar-o
benzene (BFB) is injected through the GC inlet or i ntroduced in tne 
purge~nd-trap made. 

4.3.4 GC/MS interface: Any ·Ge-to-MS interface that gives 
ac~eptable calibration points at 50 ng per injection for each compound 
of interest and achieves acceptable tuning performance criterit (see 
Section 9) may be used. GC-to-MS interfaces constructed ~fall glass 
or glass-lined materials are reco1T1111nded. Glass can be deactivated by 
silanizing with dichlorodimetnylsilane. The interface must be capable 
of transporting at least 10 ng of the components of interest fran tne 
GC to tne MS. 

- ~. 
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14mm O. 0. 

2-Wav Syringe Vliw 

!!:-- 17 cm. 20 Gauge Syrinqe NNdle 

9 mm 0 . O. Rubber S.oa.un 

1/16 Inch 0 . 0. 
StJinleu StNt 

13x Molecular 
Sew Purge 
G~ Filter 

~ PurgeGu µ Flew Control 

Figure 1. Purging chamber. 
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6 / ORGANIC ANALYTICAL METHODS· GC/MS 

Gius Wool 

Grade 15 
Silica Gel 

Tenax 

3% OV-1 

Glau Wool 

Pxxing Pf'ocadure 

5mm 
.I, 

I 
8cm 

i 

l . ~ • . 

"'. · 

Trac, Inlet 

ConStr\lc:tion 

Comoression 

1 
.,.-- Fimng Nut 

ind FerN111 

14 Ft. 7n/Foot 
,.... _ ___,__ Resistanca Wirt 

Wnooed Solid 

Thermoccuole/ 
Controlllf' 

eltctronic 
T,moeratun· 
Control ind 
Pyrcmeur 

Figure 2. Trap packings and ccnsmJction to include desorb cacabilitv. 
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ij I URGANIC ANALYTICAL METHODS· GC/MS 

4.3.5 Data system: A computer system must be ir.terfaced to the 
inass spectrometer that al lows the continuous acquisition and storage on 
machine-readable media of all mass spectra obtained throughout the 
duration of the chromatographic program. The canputer must have 
software that allows searching any GC/MS data file for ions of a 
specific mass and platting such ion acundances versus time or scan 
number. This type of plot is defined as an Extracted Ion Current 
Profile (EICP). Software must also be available that allows tntegrat• 
ing the abundance in any EICP between specified time or scan nu1110er 
limits. Hardware and software must be available to transform the data 
into a compatible format. These generally consist of a 9-inch, 800-bpi 
tape drive and the associated software. 

4.4 Sample transfer implements: Implements are required to transfer 
portions of solid, semisolid, and liquid wastes fran sample containen to . 
laboratory glassware. The transfer must be accanplished rapidly to avoid 
loss of volatile components during the transfer step. Liquids may be trans
ferred using a hypodermic syringe with a wide-bore needle or no needle 
attached. Samples should be introduced into the syringe by {l) removing 
the plunger from the syringe, {2) pouring the sample into the barrel, and 
(3) replacing the barrel and inverting the syringe to remove any air trapped 
in the syringe. Do not draw the sample up into the syringe. Solids may be 
transferred using a conventional laboratory spatula, spoon, or coring device. 
A coring device that is suitaole for handling some samples can be made by 
using a glass tuoing saw to cut away the closed end of the barrel of a glass 
hypodermic syringe. 

TABLE Z. BFB KEY ION ABUNOANCf CRITERIA 

Mass Ion abundance criteria 

50 15 ta 40S of mass 95 
75 30 to 60S of mass 95 
95 Base Peak, 1ooi Relative Abundance 
96 S to 91 of mass 95 

173 less than,~ of mass 174 
174 greater tnan soi of mass 95 

175 5 to 9i ·of mass 174 
176 greater tnan 95: but 1 ess than 100: 

of mass 174 
177 S to 9i of mass 176 

- .... 
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4.5 Syringes: S-ml and ZS-ml glass hypodennic, equipped witn 20•gauge 
needle. at least lS cm in length. 

4.6 M1 cro syn nges: lO-µl, 25-1.Ll, 100-µ1. 250-µ1, and 1000-µ1. These 
syringes should be equipped with 20-gauga needles having a length sufficient 
to extend fron1 tne sample inlet ta within l cm of tne glass frit in the 
purg_1ng device (see Figure l). The needle length required w11 l depend upon 
the dimensions of tne purging device employed. 

4.7 Centrifuge tubes: 50• 1 round-bottan glass centrifuge tubes with 
Teflon-lined screw caps. The tubes must be marxea before use to snow an 
approximate 20-ml graduation. 

4.8 Centrifuge: capable of accannadating SO-ml glass tubes. 

4.9 Syringe valve: 2-way, with Luer ends (2 eacn) (Hamilton 186725 
valve equipped with one Hamilton #35033 Luer fitting, or equivalent). 

4.10 Syringe: 5-ml, gas-tight with snut-off valve. 

4.ll Bottle: lS"':4111, scre,-cap, Teflon cap liner. 

4.12 Balance: Analytical, capable of accurately weighing O.OOOl g. 

4.13 Rotary evapor-ator: equipped with Teflon-coated sea rs ( Buch i 
Rotavapor R-llO, or equivalent). 

4.14 Vacuum pump: mechanical, t~o-stage. 

5.0 Reagents 

5.l Reagent water: Reagent water is defined as a water in whicn an 
interferent is not observed at the method detection limit of tne compounds of 
interest. 

5.l.l Reagent water may be generated by passing tap water tnrougn 
a carbon filter bed containing about 500 g of activated caroon (Calgon 
Corp., Filtrasort>-300, or equivalent). 

S.l.2 A water pur1f1cat1on system {Millipore Super-Q or equiva
lent) may be used to generate reagent water. 

. .. - ~ ... 
5.l.3 Reagent water may also be prepared by boiling water for 

· 15 min. Suosequently~ while maintaining the temperature at <:O" c. 
bubble a contaminant-fr~ inert gas through the water for l hr. 
While still hot, transfer tne water to a narrow-moutn screw-cap oott le 
and seal with a Teflon-lined septum and cap. · 
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5.1.4 Reagent water may also be purchased under the name MHPLC 
waterN from several manufacturers (Burdick and Jackson, Saker and 
Waters, inc.}. 

5.2 Reagent PEG: Reagent PEG is defined as PEG having a nominal 
average molecular weight of 400, and in which interferents are not observed 
at the method detection limit for compounds of interest . 

5.2.l Reagent PEG is prepared by pur·ification of commercial PEG 
having a nominal average molecular weight of 400. The PEG is placed in 
a round-bottom flask equipped with a standard taper joint, and the 
flask is affixed to a rotary evaporator. The flask is i11111ersed in a 
water bath at 90-lOO· C and vacuum 1s maintained at less than 10 mm Hg 
far at least 1 hr using a two-stage mechanical pump. The vacuum 
system is equipped with an all-9lass trap, wnicn is maintained in a dry 
ice/methanol bath. 

s.z.2 In order ta demonstrate that all interfering volatiles 
have been removed from the PEG, a reagent water/PEG blank must be 
analyzed. 

5.3 Trap materials 

5.3.l 2,6~Diphenylene oxide polymer: 60/80-mesh Tenax, chromato
graphic grade or equivalent. 

S.3.2 Methyl silicone packing: 3 percent OV-l on 60/80 mesh 
Chromcsorb-W or equ iva 1 ent. 

5.3.l Silica gel, Davison Chemical (35/60 mesh}, grade-15 or 
equivalent. 

5.3.4 Prepared trapping columns may be purchased fran several 
chromatography suppliers. 

5.4 Methanol: D1st111e<1-1n-9lass quality or equivalent. 

5.5 Calibration standards; stocx solutions (2 mg/ml}: Stock solu
tions of calibration standards may be prepared fran pure standard materials 
or purchased as certified solutions. Prepare stock standard solutions of 
individual compounds in methanol using assayed liquids or gases as appro
priate. Because of tne toxicity of some of the organohalides, primary 
dilutions of tnese materials snould be prepared in a t100<1. A NIOSH/MESA
approved, taxi c: gas respirator snou 1 d be worn by analysts when hand 1 i ng high 
concentrations of these materials. 

5.5.l Place about 9.8 ml of methanol in a 10-ml ground-9lass
stoppered volumetric flask. Allow the flask to stand, unstoppered, for 
about 10 min or until all alconol-wetted surfaces have dried. Weigh 
the flask to the nearest O.l mg. 

- .:... 
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5.5.2 Add the assayed referance material as described below. 

s.s.2.1 Liquids: Using a 100-µ1 syringe, irrmediately add 
2 drops ot assayed reference material ta the flask, then reweigh. 
The liquid must fall directly into the alcohol without contacting 
the neck of the flask. 

s.s.2.2 Gases: To prepare standards for any canpounds 
that boil below 30• C {e.g., brancmethane, citloroethane, citloro
methane, or vinyl citloride), fill a 5-ml valved gas-tight syri nge 
with a reference standard ta the 5.0-ml marx. Lower the nee<ila to 
5 mm above the methanol meniscus. Slowly i ntroduc:a the reference 
standard above the surface of the liquid. The .heavy gas rapidly 
dissolves in the methanol. 

5.5.3 Reweigh, dilute ta volume, stopper, then.mix by gently 
inverting the flask several times. ~lculate the concentration in 
~g/~1 per microliter from the net gain in weight. When c:anpound 
purity is assayed ta be 96S or greater, the weight may be used without 
correction ta calculata tne concentration of the stoc:x standard. 
Coniner-c:ially prepared stoc:x standards may be used at any concentrat ion 
if they are certified by the manufacturer or by an independent source. 

5.5.4 Transfer the stoc:x standard solution into a Teflon-sealed 
screw-cap bott 1 e. Stare, with mini ma 1 heads pace, at • 10 to -zo • C and 
protect from light. 

5.5.5 Prepare fresh standards weekly for gases or for reactive 
compounds such as 2-chloroethylvinyl ether. All other standards must 
be replaced aft!r one month, or sooner if comparison with checx 
standards indicates a problem. 

5.6 Calibration standards; secondary dilution solutions: Using stocx 
solutions described in Section 5.5, prepare secondary dilution standards in -
methanol that contain the compounds of interest, either singly or mixed 
together. The secondary dilution standards should be prepared at c:onc:entra
t1ons such that the methanol or aqueous PEG calibration solutions preparea as 
described_ in Section 6.3.2 will brac:xet the wor~ing range of the analytical 
system. Secondary dilution standards snould be stored with minimal headspace 
and should be checked frequem:ly for signs of evaporation, especially just 
prior to preparing calibration standards fran tnem. 

5. 7 Surrogate standards: Su.rro_ga.te s·tandards may· be added to samp 1 es - •. 
and calibration solutions ta assess the effect of the sample matrix on 
recovery efficiency. The compounds employed for this purpose are l,2-
dibromotetrafluoroethane, b1s(perfluoroisopropyl) ketone, fluorobenzene, 
and m-oromocenzotrifluoride. Prepare methanolic solutions of the surrog~te 
standards using the procedures described 1n Sections 5.5 and 5.6. The 
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concantrations prepared and the amount of solution added to each sample 
should be those required to give an amount of each surrogate in the purging 
device that is equal ta tne amount of each internal standard added, assuming 
a 100: recovery of the surrogate standarcs. 

5.8 Internal standards: In this method, 1ntemal standards are 
employed during analysis of all samples and during all calibration procedures. 
The analyst must select one or more internal standards tnat are similar in 
analytical behavior ta the canpaunds of interest. The analyst must further 
demonstrate that the measurement of the internal standard is not affected by 
method or matrix interferences. Because. of these limitat ions, no internal 
standard can be suggested that is applicable to all samples. However, for 
general use, 04-1,2-dichloroethane, 06-benzene, and 05• thylbenzene are 
reccnnended as internal standards covering a wide bailing point range. 

5.9 4-Bromofluorobenzene (BFB): liFB is added to the internal standard 
solution or analyzed alone to permit the mass spectrometer tuning for each 
GC/MS run to be checked • 

5.10 Internal standard solution: Using the procedures described in 
Sections 5.5 and 5.6, prepare a methanolic solution cantaining each internal 
standard at a ccnc:entration of 12.S µg/ml. 

S.ll Sodium mcnohydrogen phosphate: 2.0 l,L in dist i lled water. 

S.lZ n-Nonane and n-dodecane, 98+S purity. 

5.13 N-Hexadecane, distilled-1n•glass (Burdick and Jackson, or 
equivalent). 

6.0 Samole Collect1on 7 Handling 7 and Preservation 

6.l All samples must be collected using a sampling plan that addresses 
the considerations discussed in Section One of this manual. 

6.2 All samples must be stored in Teflon-lined screw cap vials. Sample 
containers should be filled as canpletely as possible so as to minimize 
neadspace or void space. Vials containing liquid sample should be stored i n 
an inverted position. 

6.3 All samples must be iced or .refrigerated from the time of collection 
to tne time of analysis, and should be prctected from light. 

-~-. 
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7. O Procedure 

7.l Calibration 

7.1.1 Assemble a purge~nd-trap device that meets the specificat ions 
fn Section 4.2 and connect tile device ta a GC/MS system. Condition the 
trap ovemight at 1ao· C by backflusning with an inert gas flQliil of at 
least 20 ml/min. Prior ta use, condition the trap daily for lO min 
while bacxflushing at 1so· c. 

7.l.2 Operate the gas cnromatagrapn using the conditions described 
in Section 7.3.S and operate the mass spectrometer using tne conditions 
described in Section 7.3.2. 

7.1.3 Cal1brat1on procedure 

7. 1.3 •. l Conduct ea 11 brat ion procedures using a mini mum of 
three concentration levels for each calibration standard. One of 
the concentration levels should be at a concentration near but 
above the method detection limit. The remaining t'wc cancantra"tion 
levels should correspond ta the expected range of concentrations 
found in real samples or should define the working range of tile 
GC/MS system. 

7. l.3.2 Pr.epare the final solutions containing the required 
concentrations of calibration standards, including surrogate 
star.dards, directly in the purging device. To the purging device , 
add S.O ml of reagent water or reagent wdter/PEG solution. This 
solution is prepared by taking 4.0 ml of reagent water or reagent 
PEG and diluting to 100 ml with reagent water. The reagent water/ 
PEG solution is addad to the purging devica using a 5-ml gl ass 
Slringe f1ttad with a 15-cm Z0-9auge needle. The needle is inserted 
through the sample in!et sho~n in Figure l. The internal diameter 
of tile 14-gauge nee<th that forms tne sample inlet will permit in
sertion of a 20-gauge needle. Next. using a l0-1,Ll or 25-~1 micro
syringe equipped with a long needle (see Section 4.6), taxe a 
volume of the secondary dilution solution ccntaining appropriate 
ccncentrat1ons of the calibration standards (see Section 5.6). Add 
tile aliquat of calibration solution directly to tne reagent water 
or reagent ~ater/PEG solution in the purginy device by inserting 
the nee<tle tnrough the sample inlet. ~hen discharging the contents 
of the micro-syringe be sure that tne end of tne syringe nee<He is 
well beneath the surface of the reagent water or water/PEG solu-
tion. Similarly, add 20· 1,Ll· of the internal standard solution (see - .... _ 
Section 5.10). Close tne 2-way syringe valve at tne sample inlet. 

7.l.3.3 Carry out the purge and analysis procedure as 
described in Section 7.3.4. Tabulate tne area response of tne 
primary characteristic ion against concentration for each com~iound 
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including the internal standards. Calculate response factors (RF) 
for each CQnpound as follows: 

where: 

As • Area of the primary characteristic 1on far tha compound 
to be measured 

Ais • Area of the primary c.,aracteristic 1on of the internal 
standard 

Ci s • CiJncentrat ion of the 1nterna 1 standa:-d 

Cs • Concentration of the aimpound to be measured. 

The internal standard selected far the calculation of the RF of a 
compound and subsequent quantification of tne ccmpound is generally 
the internal standard that has a retention time closest to that of 
the campound. It is assumed that a linear calibration plot will be 
obtained over the range of concentrations used. If the RF value 
aver the working range ·;s a constant {less than -lOi relative 
standard deviation), the RF can be assumed to be invariant, and the 
average RF can be used for calculations. Alternatively, the 
results can be used to plat a calibration curve of response ratios, 
A5/Ais, versus RF. 

7.1.J.4 The RF must be verified on each worxing day. The 
concentrations selected should be near the midpoint of the working 
range. The response factors obtained for the calibrat_ion standards 
analyzed immediately before and after a set of samples must be 
within +20i of the response factor used for quantification of the 
sample concentrations. 

7.2 Daily GC/MS performance tests 

7.2.1 At the beginning of each day that analyses are to be perfonned, 
the GC/MS system 1111st be checked to see that acceptable performance 
criteria are achieved for BFB (see Table 2). 

7.2.2 The BFB performance t.est_ requires the following instrumental 
parameters : 

E1 ectron Energy: 
Mass Range: 
Scan Time: 

70 volts {naninal) 
40 to 2S0 amu 
to give approximately 6 scans · per peak but not 
to exceed 3 sec per scan. 

- ~ .. 
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7.2.3 Bleed BFB vapor into the mas~ sp7ctrometer and tune the 
instrument to achieve all the key ion c~1~er1a for the ~ass spect~u~ of 
BfB given in Table 1. A solution c:ci:ea1n1ng 20 ng of Br8 may ~e 1nJected 
onto the gas chromatographic column 1n order to check the key 10n 
criteria. 

7.Z.4 The peak intensity of 06-benzene is used ta monitor the mass 
spectrometer sensitivity. The peak intensity for D6-benzene observed 
during each sample analysis must be between 0.7 and 1.4 t imes the D0~enzene 
peak intensity observed during the applicable calibration runs. For example , 
if the peak intensity of D6-benzene observed dUring calibration was 355,000 
area counts, then eac:n subsequent sample or blank must give a 05-benzene 
peak intensity of between 250,000 and 500,000 ar,a counts. If the 05-oenzene 
peak intensity 1s outside the specifieu range, the sample must be reanalyzed . 
If the peak intensity is again outside the specified range, the anaiyst must 
investigate the cause of the variability 1n sensitivity and carrect the 
problem. 

7.3 Samole extraction and analysis 

7.3.l The analytical procedure involves extracting the non~queous 
sample with metnanol or polyethylene glycol (PEG) and analyzing a 
portion of the extract by a purge~nd-trap GC/MS procedure. Th~ amount 
of the extract ta be taken for the GC/MS analysis is based on the 
estimated total volatile content (TVC) of the sample. The TVC 1s 
estimated by extract 1 ng the samp 1 e ·with n-hexadecane and ana 1 y zing the 
n-hexadecane extract by gas chromatography. 

7.3.2 The estimated TVC ts based on the total area response 
relative to that of n-11onane for all compone~s eluting prior to the 
retention time of n-<1adecane. The response factor for n-nonane and t he 
retention time of n-<1odecane are determined by analyzing a 2-µ1 aliquot 
of an n-hexadecane solution cantaining 0.20 mg/ml of n-nanane and 
n-<1odecane. 

7.J.Z.l The GC analyses are conduc~ed using a flame ioniza
tion detector and a 3-m x Z-ffllll I.O. glass column packed with 10: 
ov-101 on 100-zoo mesh Chranasorb w-HP. The column temperature is 
pragrallllled fraa ao· c ta zao· cat a·/min and held at 2aa· for 
lO min. 

7.3.2.2 Determine the area response for n-nonane and divide 
by 0.2 to obtain the area response factor. Record the retent ion 
time of n-dodecane. · · - ----· 

7.3.2.J Add 1.0 g of sample to 20 ml of n-hexadecane ana 
2 ml of 2.0 M Na2HP04 contained in a 50-ml glass centrifuge 
tube and cap securely wi tn a Tefl on-1 i ned screw cap. Shalte tne . 
mixture vigorous ly for one minute. !f the sample does not di_sperse 
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during the shaking process, sonify ttte mixture in an ultrasonic 
bath for JO min. Allow the mixture to stand unt i l a clear 
supernatant 1s obtained. Centrifuge if necessary to facilitate 
phase separation. 

7.3.2.4 Analyze a 2-~1 alfquat of the n-hexadecane super
natant using the conditions described 1n Section 7.3.2.l. Determine 
the total area response of all components eluting prior to the 
retention time of n-dodecane and subtract the corresponding area of 
an n-hexadecane blank. Using the area response factor determined 
for n-nonane in Section 7.3.2.2, calculate the TVC as follows: 

TARsample • TARblank 
TVC • x 20 

n~Ncnane Area Response Factor 

where: 

TVC • total volatile content of the sample in mg/g 

TARsample • tat·al area response obtained for the sample 

TARbJank • total area response obtained for a blank. 

7.3.3 The transfer of an aliquot of the sample for extraction 
with methanol or PEG should be made as quickly as possible ta minimize 
loss of volatiles from the sample. 

7.3.3.l To a 50-ml glass centrifuge tube with Teflon-lined 
cap, add 40 ml of reagent methanol or PEG. Weigh the capped 
centrifuge tube and methanol or PEG on an analytical balance. 

7.3.3.2 Using an appropriate implement (see Section 4.4), 
transfer approximately 2 g of sample to the methanol or PEG in the 
centrifuge tube in such a fashion that the sample is dissolved 1n 
or submerged in the methanol or PEG as quickly as possible. Take 
care not to toud'l the sample-transfer implement to the methanol or 
PEG. Recap the centrifuge tube inmediately and weigh on an analytical 
balance to ·determine an accurate sample weight. 

7.3.3.3 Disperse the sample oy vigorous agitation for 1 min. 
The mixture may be agitated manually or with the aid of a vortex-mixer. 
If the sample does not disperse during this process, sonify the 
mixture in an ultrasonic bath for 30 min. Allow the mixture to 
stand until a clear supernatant is obtained as the saffll'le extract. 
Centrifuge if necessary to facilitate phase separation. 

- ... _ 
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7.3.3.4 Toe sample extract may be stored for future analytical 
needs. If this 1s desired. transfer the solution to a 10-ml screw 
cap vial ~1th Teflon cap liner. Store at •lO to -20· C, and protect 
from 11 gnt. 

7.3.4 Reagent water, internal standard solution, and the sample 
extract are added to a purging chamber that is connected to the purge-and• 
trap device and that has been flushed with helium during a 7-min trap 
reconditioning step (see Section 7.l.4.4). The additions are made using 
an appropriately sized syringe equipped with a lS•Ql'I 20-gauge nee~le. 
Open the syringe valve of the sample inlet (shown in Figure l) and 
insert the ne~le through the valve. 

7.3.4.l Add 5.0 ml of reagent water or aqueous sample to 
which 20.0 µ1 of the internal standard solution has been added (see 
Section 5.10) ta the purging chamber. Insert the nHdle of the 
syringe well oelow the surface of the water for the addition of 
the internal standard solution. lf the sample is aque~us go to 
Section 7.3.S. 

7.3.4.2 Add an aliquot of the sample extract from Section 
7.3.3.4. The total quantity of volatile components injected should 
not exceed approximately 10 µg. If the total volatile content 
(TVC) of the sample as determined in Section 7.3.l.4 is 1.0 mg/g or 
less, use a 200-µl aliquot of -the sample extract. If the rvc is 

·greater than l.O mg/g, use an aliquot of the sample extract that 
contains approximately 10 µg of total volatile components; the 
volume (in µ1) of the aliquot to be taken can be calculated by 
dividing 200 by the TVC. If the TVC is greater than 20 mg/g, take 
a 500-~l aliquot of the sample extract and dilute to 10 ml with 
PEG. ln this ease calculate the aliquot volume (in µ1) of the 
undiluted extract' to be taken by dividing 4,000 by the rvc. 1f the 
TVC is less than l.O mg/g and greater sensitivity i s desired, use a 
large purging chamber containing 25 ml of reagent water and use a 
l.O-r.11 aliquot of -the sample extract. 

7.3.4.3 Close the 2-way syringe valve at the sample i nlet. 

7.3.5 The sample 1n the purging chamber is purged with helium to 
transfer the volatile components to the trap. The trap is then heated 
to desorb the volatile components which are swept by the helium carrier 
gas onto the GC column for analysis. 

7.3.S.l Adjust the gas ·(helium) flow rate to 40 ""3 ml/min. 
Set the purging device to purge, and purge the sample for 
ll.O ! O.l min at ambient temperature. 

-~. 
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7.3.S.2 At the conclusi~n of tne purge time, adjust tne 
device to the desert> mode, and begin the GC/MS analysis and data 
acquisition using the fallowing GC operating conditions: 

Column: 6-ft x 2-ffllll I.O. glass column of ii SP-lOOO on 
C.rba-pack B {60-80 mesh-). 

Temperature: Isothennal at 45• C for 3 min, then increased at 
a· C/min ta 220• c. and maintained at 220• C for lS min. 

Concurrently, introduc:a the trapped materials to the GC column by 
rapidly heating the trap to iao• C while backflushing tne trap with 
helium at a flow rate of JO ml/min far 4 min. If this rapid 
heating requirement cannot be met, the GC column must be used as a 
secondary trap by coaling it to Jo• C or lower during the 4-min 
desarb step and starting the GC program after the desorb step. 

7.3.5.3 Return the purge~nd-trap device ta the purge made 
and continue acquiring GC/MS data • 

7.3.5.4 Allow the trap ta coal for a min. Replace the 
purging chamcer with a clean purging chamcer. The pur9in9 chamcer 
is cleaned after each use by sequential washing with acetone, 
1111thanol, detergent solution and distilled ...ater, and tnen dried 
at 105• C. · 

7.3.5.S Clase the syringe valve en the purging chamber 
after 15 sec ta begin gas flow through tne trap. Purge the trap at 
ambient temperature for 4 min. Recondition the trap by heating it 
to iao· c. Oa not allow the trap t•erature to exceed iao· C, 
sinc:a the sorpt1on/desari:,tion 1s adversely affected when the trap 
is heated to higher temperatures. After heating tne trap for 
approximately 7 min, turn off the trap heater. wnen cool. the trap 
is ready for the next sample. 

7.3.6 If tne response for any ion exceeds the worxing range of the 
system, repeat the analysis using a ~rrespondingly smaller al fquot of 
the sample extract described in Section 7.3.Z.3. 

7.4 (;ualitative identification 

7.4.l Obtain an EIC? for the primary characteristic ion and at 
least two other characteristic ions for each compound· when practical. -.:.. 
The .f o 11 owing criteria must be met to make a qua 1 i tat i ve i aent i f i cation. 

7.4.l.l The characteristic ions of each compound of i nteres t 
must maximize 1n the same or within one scan of each ot~er. 
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7.4.l.Z The retent1on _time must fal l within ,!30 sec of the 
retention time of the authent1c compound. 

7.4.1.3 The relative peak heights of the characteristic 
ions in the EICP's must fall within +20i of the relative intensities 
of these ions in a reference mass spectrum. Reference spectra may 
be generated fran the standards analyzed by the analyst or fran a 
refer-er.ca 1 i brary. Al 1 reference spectra generated fran standards 
~st be obtained fran an ~prapriately tuned mass spectrometer. 

7.5 ()lantitative detennination 

7.5.l When a ccmpound has been identified, the quantification of 
that compound will be based on the int19rated abundance fran the EIC? of 
the primary characteristic ion. In general, the primary characteristic 
ion selected should be a relatively intense ion, as interference-free as 
possible, and as close as possible in mass to the characteristic ion of 
the intemal standard used. Generally, the base peak of the mass 
spectrum is used. 

a.a Quality Control 

8.l Each laboratory that uses this method is required to operate a 
fonnal quality central program. The mini111W11 requirements of this program 
consist o.f an initial demonstration of laboratory capability and the analysis 
of spiked samples as a ~ontinuing check on performance. The laboratory is 
required to maintain performance records ta define the quality of the data 
that are generated. Ongoing perfonnanca c:heas must be conr,lared with 
established performanca criteria ta detennine if the results of analyses are 
within the accuracy and pre1:1s10n limits expected of the method. · 

8.l.l Before performing any analyses, the analyst must demon
strate the ability ta generate acceptable accuracy and precision with 
this method. This ability 1s established as described in Section 8.2. 

8.l.Z The labaratary must spike all samples including checx 
samples with surrogate standards ta monitor cont inuing laboratory 
performance. This procedure is described in Seci:ion 8.4. 

8.l.3 Before processing any samples, the analyst should daily 
demonstrate, thraugh the analysis of an organic-freti water method blank, 
that the entire analytical system i~ interference-freti. The blank 
samples should be carried through all stages of the sample preparation 
and measurement steps. 

a.z To establish the ability to generate acceptable accuracy and 
precision, the analyst must perlcnn the following operations using a 
representative sample as a cilecx sample. 

- --. 
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8.2.l Analyze four aliquots of the unspiked check sample 
according to the method in Section 7.3. 

8.2.2 For each ccmpound to be measured, select a spike 
concentration representative of twice tne level found in the unspiked 
checx sample or a level equal to 10 times the ·expected detection limit, 
whichever 1s greater. Prepare a spiking solution by dissolving the 
compounds in methanol at the appropriate levels. 

8.2.3 Spike a minimum of four aliquots of the check sample with 
the spiking solution to achieve tne selected spike concentrations. 
Spike the samples by adding the spiking solution to the PEG used for 
the extraction. Analyze the spiked aliquots according to the metnod in 
Section 7 .3. 

8.2.4 Calculate the average percent recovery, R, and the 
standard deviation of the percent recovery, s, for all canpounds and 
surrogate standards. Background corrections must be made before Rand 
s calculations are perform~. The average percent recovery must be 
greater than 20 for all compounds to be measured and greater than 60 
for all surrogate canpounds. The percent relative standard deviati~n 
of the percent recovery, s/R x 100, must be less than 20 for a11 
compounds to be measured and a 11 surrogate compounds. 

8.3 The analyst must calculate method performance criteria for each 
of the surrogate standards. 

8.3.1 Calculate upper and lower control limits for method 
performance for each surrogate standard, using the values for Rands 
:alculated in Section 8.2.4: 

Upper Control Limit (UCL} a R + 3s 
Lower Control Limit (LCL) • R • Js 

The UCL and LCL ean be used to construct control char-es that are useful 
in observing trends in performance. 

8.3.2 For each surrogate standard, tne laboratory must maintain 
a record of the Rands val~es obtained for each surrogate standara in 
each waste sample analyzed. An accuracy statement should 0e prepared 
from these data and updated regularly. 

3.4 rhe laboratory is required to s·p;~e all samples with the surrogate 
standards to monitor spike recoveries. The spiking level used shouid be tnat 
which wil 1 give an amount in the purge apparatus that is equ·a1 to tne amount 
of tne internal standard assuming a 100: recovery of the surroga~e standards. 
If the recovery for any surrogate standard does not fall within the control 
l imits for method performance; tne results reportea for that sample must be 

- --
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qualified as being outside of cont~l limits. The laboratory must monitor 
the frequency of data so qualified to ensure that it remains at or belows:. 
Four surrogate standards, namely l,2-d1bromodif1uoroethane, bis(perfluoro-
1sapropyl) ether, fluorobenzene, and m-bromobenzotrifluoride, are recormrended 
for general use ta monitor recovery of volatile compounds varying in volatility 
and polarity. · 

8.5 Each day, the analyst must demonstrate through the analysis of a 
pr~cess blank that all glassware and reagent interfer!nces are under control. 

8.5 It is reconmended that the laboratory adopt additional quality 
assurance practices for use with this method. The specific practices that 
are most productive depend upon the needs of the laboratory and the nature 
of the samples. Field replicates may be analyzed ta monitor the precision of 
the sampling technique. Whenev•r possible, the laboratory should perform 
analysis of standard reference materials and participate in relevant per- . 
formance evaluation studies. 

8.7 Standard quality assurance practices should be used with this 
method. Field replicates should be collected ta validate the precision of 
the sa11112ling tedtnique. Laboratory replicates should be analyzed ta validate 
the precision of the analysis. Fortified samples should be carried through 
all stiges of sample preparation and measurenent; they should be analyzed 
to validate the sensitivity and accuracy of the analysis. If the fortified 
waste samples da net indicate sufficient sensitivity ta detect less than or 
equal to l ~g/g of sample, then the sensitivity of the instrument should be 
increased or the extract subjected ta additional cleanup. Detection limits 
to be used for grounct.ater samples are indicated in Table l. Where doubt 
exists over the identification of a peak on the chromatograph, confirmatory 
techniques such as mass spectroscopy should be used. 

8.8 The method detection limit (MOL) is defined as the minimum concen
tration of a substance that can be measured and reported with 99~ confidence 
that the value is above :ere. The MOL concentrations listed in Table l were 
obtained using reagent water. Similar results were achieved using represen
tative wastewaters. The MOL actually achieved in a gi ven analysis will vary 
depending on instrumen~ sensitivity and matri~ effects. 

8.9 In a single laboratory, using reagent water and wastewater1 spiked 
at or near background levels, the average recoveries presented in Table 3 
were obtained. The standard deviation of the measurement in percent recovery 
is also included in Table 3. 

- .;._ 
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TABLE 3. ACCURACY ANO PRECISION FOR PURGEABLE ORGANICS 

Reagent Water Wastewater 

Average Standard Average Standard 
percent deviation percent deviation 

Parameter recovery {%) recovery {~) 

Benzene 99 9 98 10 
Bromodichloromethane 102 12 103 lO 
Bromoform 104 14 105 16 

C"..J Bromomethane lOO zo 88 Z3 
c--....1 
--...0 ~ Carbon tetrachloride 102 lo 104 lS 
c::l Chlorobenzene 100 7 102 9 it 
o::J Chloroethane 97 22 103 31 -C-..J 2-Chloroethyl vinyl ether lOl 13 95 17 ~ - · Chloroform 101 lO 101 12 
C'. Chloromethane 99 19 99 24 

Dibromochloromethane 103 ll 104 14 
l,l-Oichloroethane 101 10 104 15 
l,2-0ichloroethane 100 .a 102 10 
l,l-Oichloroethene 102 17 99 15 
trans-l,Z-Oichloroethene 99 12 101 10 
l,2-0ichloropropane 102 8 103 lZ 
cis-l,3-0ichloropropene 105 lS 102 ·19 
trans-l,3-0ichloropropene 104 ll 100 18 
Ethyl benzene 100 8 103 10 
Methylene chloride 96 16 89 28 
l,l,2,2-Tetrachloroethane 102 9 104 14 
Tetrachloroethene 101 9 100 ll 
Toluene 101 9 98 14 
l,l,l-Trichloroethane 101 ll 102 16 
l,l,2-Trichlorcethane 101 10 104 15 
Trichloroethene 101 9 100 12 
Trichlorofl~oromethane 103 ll 107 19 - -. 
Vinyl chloride 100 

.. 
13 98 25 

Samples were spiked between 10 and 1000 µg/1. 

Ref. 26.24 _ 



r-t'"} 
("'..J 
""O 
c:, 

• . ca ,_. 
C"-.J 
f~ ,_ 

.,,,,.,_ 
; ct'-, 

REFERENCE 27 

Cyanide, Method 9010, UST-RD-PM-9-80 

- ~ .. . 



=:
' C"-J •..,,o 
ic::::l 

ll! 

·CO ·-"'-J 
~ -_.,,,._ 
Q'-. 

ANALYTICAL GROUP~: C70 

~ 

~CYANIDE, METHOO 9010 

TAa X!!, a 

( l) 

70-CN-l 
Rev. NC, 0, J-86 
UST-RO-PM-9-80 

Cyanide in aqueous samples is <lecermined by colcrimecry using d 

UV/V!S spectrometar. 

( 2) 

The instrument is set up and calibrated accora1ng to the 
manufacturer's instruction~. Calibration standarcis are prepared 
in tha concentracion range of Oto 120 ppb. The instrument 
stores the absorbancas and generates an internal calibration 
curve. 

( J) 

All standards are prepared fresh whan samples are to oe 
analyzed. All standards are subjected to the sam~ ci i sci~:~ticn 
procedure as the samples. Matrix spike recov4ries are 
determined at a concentration of 100 ppb. V~rification 
standards are prepared at concentrations near 100 ppb. Often 
£?AOC check samples are used as verification 3tandarcis. 

( 4) 

Absorbances are determined at a fixed wavelength wn1cn is 
datermined whenaver a fresh batch of barbituri~ acici is 
prepared. A 100 ppb standard is analyzed in the Nwavelength 
scan" mode. !n this mdde, absorbances for wavelengths betwean 
300 and 600 nm are determined. The pea~ of th~ ciistribution is 
then chosen as the fixed wavelength for dll measurement3. The 
wavelength is typically very close to 378 nm. 

t.AST PAGC: 

Approved For Use: 
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METHOD 9010 

TOTAL ANO AMENABLE CYANIDE 

l.0 Scope and App11cat1on 

1.1 Metnod 9010 is used to detemine the concentration of 1noryanic 
cyanide 1n a waste or leachate. The method detects inorganic cyanid~s that 
are present as either simple soluble salts or canplex radicals. It 1s used to 
detemine values for botn total cyanide and cyanide amenable to chlorination. 
Method 9010 does not determine the •reactive• cyanide content of wastes 
conta1 ni ng iron-cyanide canp i ex-as. 

z.o Summary of Method 

Z.l The cyanide as hydrocyanic acid (HCN) is released fran cyanide 
canplexes by means of a refliu-distillation operation and absorbed in a 
scrubber containing sod11.1111 hydroxide solution. The cyanide ion in the 
absort,ing solution is tnen detam1nea calor1metrically. 

Z.2 In the colorimetric measurement, the cyanide is converted _to 
cyanogen chloride (CNCl} by reaction with chloramine•T at a pH less than 8 
without hydrolyzing ta the cyanate. After the reaction is complete, color is 
fomea ·on the aaaiti.on of pyridine-bart,ituric acid_ reagent. The aoso~ance is 
read at 570 1111 for pyridine--barbituric acid reagent. To obtain colors of 
canparaole intensity, it is essential ta have the same salt conten; in both 
the sample and the standards • 

. 3. O Interferences 

3.l · Interferences are eliminated or reducl!il by using the distillation 
procedure described in Procaaure 7.2.3, 7.2.4, and 7.2.S. 

3.2 Sulfides advenaly affect the calorimetric procedures. Samples that 
contain hydrogen sulfide, metal sulfides or other c001pounds that may prcduce 
hydrogen sulfide during the d1st111ation should be distilled by the optional 
procedure described 1n procedure 7.2.3. 

3.3. Hign results may be obtained for s~~ples that contain nitrate 
and/or nitrite. 0urin9 tne d1st111ation, nitrate and nitrite will fonn 
nitrous acid which will ~act witn s0111e organic ccmpounds to form oximes. 
These canoun«lS formed will decanpase under test conditions to generate HCN. 
The 1.nterference of nitrate and nitrite is e 1 imi nat~ by pretreatment with 
sulfamic acid. 

Revised 4/84 
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5.9 Sulfamic acid solution: Dissolve 40 g of su_lfamic acid _in distilled 
water. Oilute to l liter. 

s.10 calcium Hypoeh1orite solution: Dissolve 5 g of calcium hypochlorite 
(ta(OCl)2) in 100 ml of distilled water. 

S.ll Potassi• Iodide-starch test paper. 

5.12 Reagents for manual colorimetric deteniaination: 

s.12.1 Pyridine..aarbituric Acid Reagent: Place 15 g of barbituric 
acid in a 250 ml volU111etric flask and add just enough distilled water ta 
wash the sides of the flask and wet barbituric acid. Add 75 ml of 
pyridine and mix. Add 15 ml of cone. HCl. mix and cool to roan 
temperature. Dilute to 250 ml with distilled water and mix •• This 
reagent is stable for approximately six months if stored in a cool, dart 
place. 

5.12.Z Chloramine-T solution: Dissolve 1.0 g of white. wate~ 
;oluble Chloramine-T in 100 ml of distilled water and refrigerate until 
ready to use. 

5.13 Reagents for autanated colorimetric detennination: 

5.13.l Distillation agent: Carefully add 250 ml of asi phosphoric 
_acid and SO mf of hypophosphorus acid to 700 ml of distilled water. mix • 
and dilute ta one liter with distilled ·water. 

5.13.Z Sodium dihydrogenphosphate, lH (phosphate buffer): 
Dissolve 138 g of NaHzP04•HiO in l liter of distilled water. Refrigerate 
this solution. 

5.13.3 Chloramine-T: Dissolve 3.0 g of ehloramine-T in 500 ml of 
distilled water. 

S.13.4 Pyradine barbituric acid reagent: Refer to (5.12.l). 

S.lJ.5 Sod1\III hydroxide, l N: Dissolve 40 9 of NaOH in 500 ml of 
distilled water. 

5.13.6 Stock cyanide so1ut1on: Refer ta S.S. 

S.13.7 All working standardS should contain 2 ml of l N NaOH 
(5.13.5) per 100 ml. 

. S.13.8 Dilution water and recepticle wash water (NaOH, 0.25 N): 
Dissolve 10.0 g NaOH in 500 mis of distilled water. Dilute to l li_ter. 

~eviseo 4/84 
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4.0 Apparatus 

4.1 Reflu~ distillation apparatus such as shown in Figure l or 2. The 
boiling flask snould be of l liter size with inlet tube and provision for 
condenser. The gas absorber may be a Fisher-Milligan scrubber • . 

4.Z Spectrophotaneter suitable for measurements t 570 nm with a 1.0 cm 
cell or larger. 

4.3 Flow meter, such as Lab Crest with stainless steel float {Fisner 
ll-164-50). 

4.4 Technican Auto-Analyzer 

4.4.l Sampler 

4.4.Z Cyanid~ manifold. {See Figure 3.) 

4.4.3 Proportioning p\lllp. 

4.4.4 Colorimeter equipped with a 15 nm flowcell and 570 nm filter. 

4.4.5 Recorder. 

S. 0 Reagents 

5.l Sodium hydroxide solution, 1.25N: Dissolve SO g of NaOH in 
distilled water, and dilute ta l liter with distilled water. 

5.2 Sismuth ~itrate solution: Dissolve 30.0 grams of Bi{N03)3 in 100 
mis of distilled water. While stirring, add 250 mis of acetic acid. Stir 
until dissolved. Dilute to l liter with distilled water. 

5.3 Sulfuric acid; l8N: Slowly add 500 ml of concentrated H2S04 to 500 
ml of distilled water. 

5.4 Sodium dihydrogenphosphate, l M: Dissolve l38 g of NaH2P04•H20 in l 
liter of distil lea water. Refrigerate this solution. 

5.5 Stock cyanide solution: Dissolve 2.51 g of KCN and 2 g KOH in 900 
ml of distilled water. Standardize with 0.0192 N AgN03. Dilute to 
appropriate concentration so that l ml • l mg CN. 

5.6 Standard cyanide solution, intermediate: Dilute 100.0 ml of stock 
{l ml • .l mg CNJ to 1000 ml with distilled water {l ml • 100 g). 

5.7 Working standard cyanide solution: Prepare fresh daily by diluting 
100.0 ml of intermediate cyaniae solution to 1000 ml with distilled water ana 
store in a glass stoppered bottle. l ml • 10.0 ug CN. · 

5.8 Magnesium chloride solution: Weign 510 g of MgC12•6H20 into a 
1000 ml flask, dissolve and dilute to l liter witn distill ea water. 

Revised 4/84 
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6.0 · Sample Collection. Preser-vation and Handling 

6.l All samples must nav~ been co~lected using a samp~1ng plan that 
addresses the considerations d1scussed 1n Section Cr.e of tn1s manual. 

6.Z Samples s·hould be collected in plastic: or glass bottles of l•l ~ter 
size or larger. All bottles must be thoroughly cleaned and thoroughly rinsed 
to remove soluble materials fran c:onta1nen. 

6.3 Oxidizing agents suc.h as chlorine decanpose most cyanides. To 
determine whether oxidizing agents are present, test a drop of the sample with 
potassium iodide•starcn test paper; a blue color indicates the need for 
treatment. Ada ascorcic: acid a fei,,, crystals at a time until a drop of sample 
produces no color on the indicator paper. Then add an additional 0.6 g o·f 
ascorbic acid for each liter of water. 

6.4 Samples must be preserved with Z ml of 10 N sodium hydroxide per 
liter of sample (pH is greater tnan or equal ta l2) at tne time of collection. 

6.S Samples should be ntfrigerate<t at 4•c when possible and analyzed as 
soon as possible. 

7.0 Proce<ture 

7.l Pretreatment for cyanides amenable ta chlorination 

7.l.l Two sample aliquots are required to determine 
cyanides amenaale to chlorination. To one 500 ml aliquot or 
a volume diluted to 500 ml, acid calcium hypoc:nlorite solution 
(5.10) dropwise while agitating and maintaining the pH 
between ll and 12 with sodium hydroxide (5.l). 

Caution: The initial reaction product of alkaline 
c:nlor,nation is the very toxic: gas cyanogen chloride; 
therefore. it is reccmnended that this reaction be
perfonned in a hood. For convenience, the sample may be 
agitated in al liter beakar be mean5 of a magnetic 
stirring device. 

7.l.Z Test far residual chlorine with KI-starch paper (5.11) and 
maintain this excess tor one hour. continuing agitation. A distinct blue 
color on tne test paper indicates a sufficient chlorine level. tf 
nt!Cesssary, add ada1t1onal hypochlorite solution. 

7.1.l After one hour, add 0.5 g portions of ascorbic acid until 
KI•starcn paper shows no resiaualchlorine. Add an aaaitional 0.S g of 
ascorbic acid to ensure the presence of excess reducing agent. 

7.l.4 Test for total cyanide in botn the chlorinated and 
unc:nlorinate<1 aliquots. (The differ~nce of total cyanide in the 
cntorinated and unchlorinated aliquots is the cyanide amenable ta 
chlorionation.) 

Revised 4/84 
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7.2 Distillation Procedure 

7.2.1 Place 500 ml of sample, or an aliquot diluted to 500 ml in 
tne 1 liter boiling flask. Pipet 50 ml of sodium ·nydraxide (5.l) into 
the absorbing tube. If the apparatus in Figure l is used, add distilled 
water until tne spiral is covered. Connect the boiling flask, condenser, 
absorber and trap in the train. (Figure l or 2) 

7.2.2 Start a slow stream of air entering the boiling flask by 
adjusting the vacuum source. Adjust the vacuum so that approximately two 
bubbles of air per second enters tne boiling flask througn the air inlet 
tube. 

7 .2.3 If samples contain· sulfide, add 50 ml of bi smutn nitrate 
solution (5.2) after the air rate is set through tne air inlet tube. Mix 
for 3 minutes prior to addition of HzS04. 

7.2.4 If samples contain N03 and/or N02, add 50 ml of sulfamic acid 
solution (5.9) after the air rate is set through the air inlet tube. Mix 
for J minutes prior to addition of HzS04. 

7.2.5 Slowly add 50 ml 18 N sulfuric acid (5.3) through tne air 
inlet tube. Rinse the tube witn distilled water and allow tne airflow to 
mix the flask contents for 3 minutes. Pour 20 ml of magnesium chloride 
(S.8) into the air inlet and wasn down with a stream of water. 

7.2.6 Heat the ·solution to bailing. Reflux for one hour. Turn 
off heat and continue the airflow for at least 15 minutes. After cooling 
tne boiling flask, disccnnect absorber and close off the vacuum source. 

7. 2.7 Drain the solution fran the absorber into a 250 ml volumetric 
flask. Wash tne absorber with distilled water ana add tne washings to 
the flask. Dilute to the mark with distilled water. 

7.3 Manual spec~ophctanetric detennination: 

7.3.1 Withdraw 50 ml or less of the solution from the flask and 
transfer ta a 100 ml vol1.111etric flask. If less than 50 ml is taken, 
dilute to 50 ml with 0.25 N sodium hydroxide solution (5.13.8). 
Add 15.0 ml of sodium phosphate solution (5.4) and mix. 

7.3.2 Add 2 ml of chloramin-e-T (5.12.2) and mix. See note 1. 
After l to 2 minutes, add 5 ml of pyridine-oarbituric acid 
sot'ution (S.12.l) and mix. Dilute to mark with distil led 
water and mix again. Allow 8 minutes for color development 
and then read absorbance at 570 rm in al-cm cell wi thin 15 -
minutes. 

- ... __ 
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7.4 Standard r.urve for samples without sulfide 

7.4.l Prepare a series of standards by pipeting suitable volumes of 
standard solution (5.7) ir.to 250 ml volumetric flasks. To eacn stanaara 
add 50 ml or 1.25 N socium nydroxide and dilute to 250 ml witn dist1lled 
water. Prepare as follows: 

~L of Working Standard Solution 
(l ml • 10 g CN) 

0 
1.0 
2.0 
5.0 

10.0 
15.0 
zo.o 

Cone:. g CN 
per 250 ml 

BLANK 
10 
zo 
SU 

100 
150 
200 

7.4.Z It is not imperative that all standards be distilled in the 
same manner as the samples. It is recanmended that at least two 
standards (a nigh and a low) be distilled ana ccmpare<i to similar values 
on the curve to insure that the d1st111at1on technique i~ reliable. If 
d1stille<i standards do not agree within• 10: of the undistilled 
standards, the analyst should find the- cause of the apparent error before 
µrocee<1ing. 

7.4.3 Prepare a standard curve by plotting ·aosorbance of standard 
vs. cyanide concentrations. 

7.4.4 To cneck the efficiency of the sample disti l lation, add an 
i~crenent of cyanide from eitner tne intenne<1iate standard (5.6) or the 
wcr~ing standard (5.7) to 500 ml of samp1e in insure a level of 20 µg/1. 
Procee<1 with ·tne analysis as in Proceaure (7.2.l) 

7.5 Standard curve for samples with sulfide 

7.5.l It is impera!:_i_v, _that all standards be distilled in tne same 
manner as the samples. Standards distilled by tnis method will give a 
linear curve, but as the concentration increases, tne recovery aecredsas. 
It is recanmended that at least 3 standards 0e distilled. 

7.5.2 Prepare a standard curve by plotting aosorbance of standaras 
vs. cyaniae concentrations. 

7.6 Calculation: If the colonnetric procedure is used, calculate the 
cyanide, in µg/1 i in tne original s~ple as follows: 

CN, µg/1 a AX 1,000 X SQ 
a c 

Revised 4/~4 
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wnere: 

A a µg CN read from standard curve 
B • ml of original sample for distillation 
C • ml taken fur colorimetric analysis 

7.7 Automated colorimetric detenninatian 

7.7.l Set up the manifold as shown in Figure 3 in a hood or a 
well ventilated area. 

7.7.2 Allow colorimeter and recorder to wann up for 30 minutes. Run 
a baseline witn all reagents, feeding distilled water through tne sample 
line. 

7.7.3 Place appropriate standards in the sampler in order of 
decreasing concentration. Complete loa~ing of sampler tray with unknown 
samples. 

7.7.4 When the baseline becomes steady, begin the analyses. 

7.8 Calculation: Prepare standard curve by plotting peak heights of 
standards against concentration values. Compute concentrations of samples by 
comparing sample peak heights witn standards. 

8.0 . Qua\ ity Control 

8.1 All quality control data .should be maintained and ava i lable for easy 
reference ur inspection. 

ij.2 Employ a minimum of one blank per sample batch to determine if 
contamination or any menury effects are occuring. 

8.3 Analyze check standards after approximately every 15 samples. 

8.4 Run one duplicate sample for every 10 samples. A duplicate 
sample is a sample brought through the whole sample preparation 
process. 

8.5 Spiked samples or standard referencee materials shall be 
µ~rioaically employl!d to ensure tnat correct prcedures are beiny followed 
and tnat all equipment is operating properly. 

8.6 The metnod of standard aaditions shall be used for the analysis 
of all samples tnat suffer from matrix interferences. 

Revisec 4/!d4 
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Drawing H-3-53734 (Showing 300 Area River Intake) 
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Memo to file from.WS Weygandt concerning Personal 

Communication with RB Hall Regarding the 312 River Water 

Intake for 300 Area, August 13, 1987 
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To 

Pacific Northwest Laboratories 

August 13, 1987 

Ffle 

W. S. Weygandt .A.t;()i 
312 Water Intake 

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 1s only 
used during emergencies. 
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REFERENCE 30 

Database Printouts of Surface Water Sample Points 

- ~- · 



-

13-AUG-87 Page 1 
ENVIRONMENTAL SAMPLE ANALYSIS RESULT REPORT 

21 CEC 82 to 15 MAR 83 

WATER RIVER WATER CUMULATIVE UNFILTERED 

Samp it: 1265 PRIEST RAPIDS-RIVER 

208/LO H 3 

Result+/- 2 Sigma 
0-.ta 0-F-F Cate On <PCI /L > Comments -------
21 DEC 82 23 NOV 82 1.68E+02 +/- 1.40E+01 
18 JAN 83 21 DEC 82 1 ;og+o2 +1- 1, :'\6E+o1 'isl<G 
15 FEB 83 18 JAN 83 1.3SE+02 +/- 1.47E+01 
1i,OW:=e1:...· ,1:; EEB 83 1.;_gE+S,,2 ;4.- 1.41~+0:., ~ we: - ., c> c:=:=r "-' •ti-t 
Fraction cf Results >CL: 4/ 4 Mean: 1.38E+02 
Minimum: 1.20E+02 (18 JAN 83> Standard Error cf Mean: 2.44E+01 
Maximum: 1.68E+02 <21 DEC 82) Standard Deviation: 4.87E+Ol 
Median: 1.28E+02 
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13-AUG-87 

WATER 

Samp tt: 1000 

Date O·H Cata On --- - --
18 JAN 8"" ..j 0~ JAN 
1~ FEB 83 18 JAN 
13 MAR 83 1~ FEB 
12 APR 83 22 MAR 
1<) MAY 83 12 APR 
07 JUN 83 10 MAY 
05 JUL 83 07 JUN 
( )"' 83 05 JUL 
30 AUG 83 02 AUG 
27 SEP 83 30 AUG 
25 OCT 83 27 SEP 

2( 

Page 1 
ENVIRONMENTAL SAMPLE ANALYSIS RESULT REPORT --------- ------ ------- ---- ----

18 JAN 83 to 20 DEC 83 

RIVER WATER 

RICHLAND PUMP HOUSE 

208/LO H 3 

CUMULATIVE UNFILTERED 

Result +I- ... Sigm • "" <PC!/L ) Comments ----- --------
83 9.07E+Ol +I- 1.34E+01 6) 
93 1.18E+02 +I- 1.36E+01 
83 1.34E+02 +I- l. 40E+01 
93 1 . 94E+02 +/- 1.53E+01 
83 1.49E+02 +I- 2.06E+01 
83 1.63E+02 +I- 2.09E+Ol 
83 1. 09E+02 +I- 1. 74E+01 
83 2.36E+02 +/- ,, . +() DG 
83 . ...., +02 +I- 1.49E+01 
83 1.55E+02 +I- 1.44E+Ol 
83 +I- 1.45E+01 

Fraction of F:e·sul ts >OL: 13/ 13 Mean: 1.35E+02 
Minimum: 3.93E+01 (22 NOV 83) Standard Err-or- of Mean: 2.84E+01 
Ma:{ i mum: 2.36E+0 2 (02 AUG 93) Standard Deviation: l .02E+0 2 
Median: 1. 34E+(l2 

- -- · 
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12-AUG-87 

·WATER 

Samp #: 1265 

D.ata Off D.ata Cn -- -- -- -
28 86 31 DEC 
2S 86 28 JAN 

6 ..,C' FE 
86 01 AF'R 

03 JUN 86 29 APR 
01 JUL 86 03 JUN 
29 Joe 86 tJ I JUL 
02 SEF• e·6 29 JUL 
30 SEP 86 (12 SEP 
28 OCT 86 30 SEP 
02 DEC 86 28 OCT 
30 DEC 86 02 DEC 

ENVIRONMENTAL SAMPLE ANALYSIS RESULT REPORT 

28 JAN 86 to 30 DEC 86 

F>age 1 

RIVER WATER CUMULAT I VE UNFILTERED 

PRIEST RAPIDS-RIVER 

85 
86 

208/LO H 3 

Result+/- 2 Sigma 
<PCI/L > 

l. 02E+02 +I- 1.06E+G1 
l . 30E+02 +I- 1. 1 lE+O l 

Comments 

">5E+02 +/- 1. c ~E+tl ~ 
1. 19E+O.:;. + - l. l<J +<J l 
9 . 87E+Ol +I- l.03E+Ol 
6.12E+01 +I- 7. 07E+OO EKG 
o. l.:!ETt)l +I- 7. 06E+oo--' - -
l. 06E+02 +I- 8. 19E+<)O 
8.98E+Ol +I- 7.46E+OO 
l . 16E+02 +I- 9. 04E+<)O 
l . 04E+02 +/ - 8.29E+OO 
8.83E+01 +I- 7. 52E+(H) 

Fraction of Results >DL: 12/ 12 Mean: ·~.84E+Ol 
Minimum: 6.12E+Ol <Ol JUL 86> Standard Error of Mean: l.24E+01 
Max imum: l.30E+02 <25 FEB 86) Standard Deviation: 4 .29E+Ol 
Median: l. 0 2E+0 2 
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13-AUG-87 Page 1 
ENVIRONMENTAL SAMPLE ANALYSIS RESULT REPORT -------- ---- -------- ------ ------

28 JAN 86 to 30 DEC 96 

WATER RIVER WATER 

RICHLAND PUMP HOUSE 

208/LO H 3 

CUMULATIVE UNFILTERED 

S.amp #: 1000 

0-.te Off o.ta On 
Result+/- 2 Sigma 

<PCI/L > 

28 JAN 86 31 DEC 8~ 2.09E+02 +/- 1.27E+01 
_,;2;;~~F~E~B~8~6~-~2-:;8~J,;A~N~8;,:;6:.,__..;2:;.· ,:_• <;;:,)~6,;;E~+~O~"'~+~/~--~._:--~·•,c:·,i;::-:,+~<"1~---"6 

Ul APR 86 25 co • uE+02 +/- 1.05E+01 
29 APR 86 01 APR 86 1. 28E+02 +/- 1. <)8E+Ol 
03 JUN 86 29 APR 86 1.25E+02 +/- 1.09E+Ol 
01 JUL 86 03 JUN 86 1.38E+02 +/- 8.37E+OO 
29 JUL 86 01 JUL 86 1.~3E+02 +/- 9.17E+OO 
02 SEP 86 29 JUL 86 1.~9E+02 +/- 8.29E+OO 
30 SEP 86 02 SEP 86 1.54E+02 +/- . 8.23E+OO 
28 OCT 86 30 SEP 86 1.48E+02 +/- 8.20E+OO 
02 DEC 86 28 OCT 86 1.34E+02 +/- 8.48E+OO 
30 DEC 86 02 DEC 86 1.26E+02 +/~ 9.09E+OO 

Fraction of Results>DL: 12/ 12 Mean: 1.49E+C,2 

Comments 

1 ) 

Minimum: 1.10E+02 (01 APR 86) Standard Error of Mean: 1.80E+01 
Maximum: 2.09E+02 (28 JAN 86) Standard Deviation: 6.23E+01 
Median: 1.38E+02 

- .:._ 
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13-AUG-87 Page 1 
ENVIRONMENTAL SAMPLE ANALYSIS RESULT REPORT 

WATER 

Samp #: 6394 

Date Off Data On 

21 DEC 82 to 10 MAY 83 

RIVER WATER 

PRIEST RAPIDS-RI VER 

081/ I 129 

CONT.-RESIN 

Result+/- 2 Sigma 
<PCI/L > 

Fract~on of Results>DL: 3/ 3 Mean: :.37E-OS 

Commer.ts 

Minimum: 5.20E-06 <21 DEC 82> 
Ma:<imum: 3. 79E-05 ( 10 MAY 83) 
Median: 2.80E-05 

Standard Error cf Mean: 2.36E-05 
Standard Deviation: 4.0SE-05 

-~-
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13-AUG-87 Page 1 
ENVIRONMENTAL SAMPLE ANALYSIS RESULT REPORT 

WATER 

Samp #: 6394 

Data O·H Date On 
---- --- ---- -
15 FEB 93 21 DEC 
10 MAY 83 1~ FEB 
29 JUL 83 10 MA't' ..... 
...;...i OCT 83 29 JUL 

15 FEB 83 tc 25 OCT 83 

RIVER WATER 

300 AREA-RIVER 

081/I 129 

Result +I-
<PCI/L 

CONT.-RESIN 

2 Sigm. 
) 

---------8:? 6. SOE-.)5 +/- 4.0SE:-06 
9"'!' -~ 3.91E-05 +I- 4.14E-06 
83 7.47E-05 +I- 7.62E-06 
93 1.20E:-04 +I- l. :UE-05 G 

Fraction cf Results >DL: 4/ 4 Mean: 7.54E-05 

Comments 
-------

Minimum: 3.91E-05 <10 MAY 83) 
Max imum: 1.20E-04 (25 OCT 93) 
Median: 6.SOE-05 

Standard Error of Mean: 3.94E-05 
Standard Deviation: 7.87E-05 

Ref. 30 . 6 
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13-AUG-87 Page l 

WATEf.: 

Samp #: 6394 

Date Off Data On -- -- -- --
25 MAR 86 31 DEC 
<) 1 JUL 96 2:5 MAR 
07 OCT 86 01 JUL 
30 DEC 86 07 OCT 

ENVIRONMENTAL SAMPLE ANALYSIS RESULT REPORT 

2~ MAR 86 ~o 30 OEC 86 

RIVER WATER 

PRIEST RAPIDS-RIVER 

081/ I 129 

Result +I- 2 
<PCI/L 

CONT.-RESIN 

Sigm. 
) ------

95 8.lC>E-06 +I- 8.91E-07 
86 8.20E-06 +I- 7 . 87E-07 
96 1.04E-05 +I- 1.=9e:-o6 
86 7. 6()E-06 +/- 9.42E-07 

Comments -----

Fraction of Rasults >OL: 4/ 4 Mean: 8.~SE-06 
Minimum: 7.60E-06 <30 OEC 86> Standard Error of Mean: 1.4~E-06 
Maximum: 1.04E-O~ (07 OCT 86) Standard Deviation: 2.90E-06 
Median: 9.lOE-06 

- - _ __.._ __ _ 

- --
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13-AUG-97 F·age 1 

WATER' 

S.amp #: 6384 

Date Off o.te On ---- --- --- --
25 MAR 86 31 DEC 
<) 1 JUL 86 .... MAR ~--
-'!7 O~T 86 01 JUL 
30 DEC 86 07 OCT 

ENVIRONMENTAL SAMPLE ANALYSIS RESULT REPORT 

25 MAR 86 to 30 DEC 96 

RIVER WATER 

300 AREA-F: I VER 

081 / I 129 

Result +I-
<PCI/L 

CONT.-RESIN 

2 Sigma 
) 

--------
95 7.93E-05 +I- 7.30E-06 
86 8.98E-05 +I- 8.0SE-06 
86 l.61E-04 +I- l ~;j~-05 [)& 
86 7.87E-OS +I- 7. 24E-<)6 

Comments 
-------

Fr-action of Results >DL: 4/ 4 Mean: 1. 02E-04 
Minimum: 7.87E-OS <30 DEC 86> 
Maximum: 1.61E-04 (07 OCT 96) 
Median: 7.93E-05 

Standard Err-or- of Mean: 4.03E-05 
Standard Deviation: 8.06E-OS 

-~--

Ref. 30.8 
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91i 132.f 8 .. 06~8 I . 
[tlV lflOtlM[IIJ lL SAMPLE ANALYSIS Rf :;Ill I ltEI 

I 

-------------- ------ -------- •' 
'- 09 JAtl II;> to 28 JllL 87 

'- l'IAT[q RIVfR IHTfQ CU14ULA TIVE UNFIL TfREO 
a,,.,r, •• 12,.,5 P~ffST RAPtOR•klVfP 

·- 21)lllLO H l .. 
-----------

'- Peault • I• 2 sto,u • 
Oate Jff Date On (PCI/L ) Co•,ienta ---- --- ---- -- ---------- -------- • '- 09 JA-. !12 02 JAN 81 l.5qE+'l2 • I• 2 . ooE • Ol 
22 J , .. 82 15 JAN 8?. 2.41E • 02 •/• l 0 40E • Ol 

'-
l? Ff8 !I?. 1? f'EB 8?. 3.25E • 02 •/• 1.eoE • lll 
02 'IAq 82 1.55Et02 •/• 2.00E • Ol 
16 ... ~ 82 3.06E • 02 •/• 2.ooE+Ol 

'-
JO '!A q 82 3.04[ • 02 •/• 2 0 00£ • 01 
l l AP~ 82 8.90£ • 01 •/• 2,00E+Ol 
27 4pq !12 211 APR 82 1.06[ • 02 • I• 2.ooE • Ol 

'- t1 Y.AY 82 n APR 82 l 0 l6E • 02 •/• l.40E+01 -18 '•A y !12 11 "IAY 82 7.IOE+Ol • I- 1.eoE • Ol 
08 ,JIJ~ 82 26 \4AY 82 l.25Et02 • I- 1040E+01 

...., ,,,, JUL 82 29 JUN 112 l.t7Et02 • I• l 0 40E • Ol -II] AIIG 82 1l JUL 82 1.115£ • 02 •/• 1.40[ • 01 
H AUG 112 23 AUG 82 8.60E • 01 • I• 1.40£ • 01 

...., 28 SfP 62 21 SEP 82 7.70[ • 01 • I• 1,50£+01 -2b OCT !12 211 SEP 82 1.28[ • 02 • I• 1.2oE+Ol 
21 ~ov !12 2!1 SE'P 8?. l.2lft02 •/• l 020E • Ol 

~- 21 DEC 82 21 Nt)V 82 I .6IIE • 02 •/• l 040E+OI 

" 18 H .. 83 21 DEC II?. l 020Et02 • I• l 036E • OI 
15 FEB II] 18 JAN 113 1.35E • 02 • I• 1,47E+OI 

'- 15 •,oq 81 15 FER 8] 1.2t1E • 02 • I• 1.111£+01 • 12 APR 83 15 "4AR 83 1.2lE • 02 • I• l 053E • OI 
10 '1AY 83 12 Apq 83 7.SOE • Ol • I• 1.SeE • OI 
01 JfJN 8] 10 "1AY 83 l.20E • 02 • I• 1019E • Ol • ...... 05 JUL 8] 01 JUtl 8] 6.S]E • OI • I• 1026E • Ol 
02 AUG 83 05 JUL 8] 2.02E • 02 • I• 2 0 15£ • 01 

'--· 30 AllG 8] 02 AUG 8] l.411E • 02 • I• 2 009E • Ol .... 21 SEP 8] ]O ALIG 8] 7.SU • Ol l 0l8E • OI 
25 au e, 27 SEP 8] 7][+(11 l 1 36Et0I 

I,,., 2 WlV 8] 250CT 8 9 • [ill 
"" 0 22 'lrlV IIJ 5.118[ • l.l9Et01 

17 JA-. 811 20 ore 81 1.0JE • 02 • I- l 010E • Ol 
\.,_, 14 FEB 84 17 JAN 811 l.llE • Oi? • I• I• llEtOI 

"" 13 "IAA 84 14 FER 84 1.29E • 02 ti• 1.2][ • 01 
10 APR 84 11 "IAR 84 1.66E • 02 •/• 9.40£ • 00 

'-,· 08 roy 811 10 APR 84 1.l9E • 02 • I• l,07E • Ol .... 05 JUN 8/1 08, IH Y 811 1 .37£ • 02 ti• l 007E+Ol 
OJ JIil 811 05 J tJt,j 114 l 005E • OZ • I• 8 0 80E • 00 / 

I..., 31 JUL 811 03 Jill i,q 1.l2E • 02 • I• 1.ooE • Ol .... 28 AUG 811 JI JUL Ila 9 0IIOE • Ol • I• 9 0 40E • OO 
25 StP 811 2~ ''JG 811 l.l9E • 02 • I• t.16Et01 

I..., 23 ac T 811 25 3EP 811 l 029E • 02 • I• l.22E+Ol 

"' 20 NOV 811 23 OCT 84 I• 1JEt02 ti• 1,Z7E • Ol ... 
. '\. •• ~ 
. ,,. 
'1: · ., . ~- • 

••• I 



I,,.. ?.9-or.r-111 Veraton I • II Page 2 
91H3218*06~9 

-- EIIV J RON•l[IIT AL SAMPLE ANALYSIS RlSULT RE 

------------- ........ -------- ------ ,· ..., ....... 
09 JAIi 112 to 28 JUL 87 I : 

Re1ult •/• 2 Stgu ...., ...... 
Date ')ff Oate On (PCJ/L ) Co• .. ent1 ---- ·-· ---- -- ---------- --------

...... 111 l>EC 811 2n NOV llll 1.911[ • 02 •/• I .37E • III .. 20 JA" 85 02 J A,1 RS l.55E+02 •/• l.31E • OI .( 1) 
21:i HB 85 ?.9 JAN 85 I 04llE • 02 •/• l 0 l9E • OI 
02 APR 85 26 FF.8 IJ5 I.05E • 02 •/• l 0HE • Ol ~ • '-' :30 4pq 85 0~ APA "S 6.37£ • 0I •/• 11 12E • OI 

2ii -i•r !15 311 APR 85 8~411E+OI •/• l 020E • OI 
Oc! JUL 65 zi, '4AY 85 8.7'5E • Ol •/• t.09E • OI • ...... 
]II JUL 85 02 JUL 85 8.58E+o1 •/• l 009E • OI 
111 SEP 85 ~o JUL 85 8.8RE • Ol •/• l 007E+Ot 
01 DCT 85 C\l SEP 85 1. I 7E • 02 •/• l.13Et01 --.. ... zq 'JC f 85 01 OCT 85 l 0Z9Et02 •/• l 009f • OI 
03 DEC 85 29 OCT 115 1.32£ • 07. •/• l 0ZOE+OI 
31 DEC 85 ,,3 DEC 85 1.43£ • 02 •/• l 023E+Ot -Z8 JA'-' 86 31 DEC 85 1.0?.E • 02 •/• l 00bE • OI 
25 Ff8 86 28 JAN 116 l.3nf • 02 •/• t 0 11E+OI 
01 APR 86 25 f'EB 86 l.05f+02 •/• t 003E • OI ... 29 APR 86 01 APR 86 t.19E • 02 •/• l.lOE+Ol 
03 Jll~ 86 29 APR 86 9.87E • OI •/• I 003E+Ot 
nt JUL 86 01 JU•I 86 6.12E+OI •/• 7 007E • OO -20 JI.IL 86 01 JUL 81, 6.12E+OI •/• 7 006E • OO 
02 SEP 86 29 JUL IJ6 l.06E • 02 •/• 8 019E • OO 
30 SEP 86 02 SEP 86 8.98E • Ol • I- 7 046E • OO .... ...... 
28 OCT 86 30 SEP 116 l.16E • 02 •/• 9 004E • OO 
02 DEC 86 28 OCT 86 l.1'14E • 02 •/• 8 0 29E • OO 

I..,, 11'.! DEC 86 02 DEC 86 8 0 8lE • OI •/• 7 052E • OO 
"' 0~ F[~ 87 311 DEC 86 7.b?f+OI • I- 9 0l9E • OO 

01 .... q 87 113 FEB 87 6.76Et0I • I- 9 039E • OII ~ 
\,., d~ '4/IR !17 03 '4AR 87 5.37E • OI •/• 8 083E • IIO • 28 APR !17 31 •-UR 87 l.07E • 02 +7- 5080E+oo 

112 JII~ 87 28 APA 87 9 040E • OI •/• 6 004f+OO 

""' 
°\() Jll"l 87 02 Jllll 87 7.13E • Ol •/• 5 017f+OO • 2~ JUL fH 3(1 JU"l 87 7.09E+Ol •/• 5 026E+OO 

""' Fraction of Reau I te>Dl.1 75/ 75 Me1n1 1.19£ • 02 -.-"11 n I •u111 I J 0 0<;f+OI CZZ NOV 83) Sten~erd Error of Means 1.24f+Ol 
lla,d,ouo,s 1.;,sr+nz Cl 9 FEB 112) Standard Oevtattonl loflRE • OZ 

\., '4ecil al\: l .13Et02 
"" 

..... 
"" 

'-' """ 
I 

I...,. 
"" 

~ C. 

\., • 
-.;,. • --·------ --··· . ' . . ... . -- -- - . - .. - ~ . . . ·- ·- . . ·-···- ·- ·-

., .. 



, ... : ?9-0CT-~1 V11r1ton 1.0 Page 
914' 3218 .. 0650 

3 

' E IJV I ROIIHENHL SA"4PlE ANALYSIS Rf.SULT REI ------- .. -- .. -· ------ -----·-- ------'- OQ JAtl 82 to 28 JUL 87 

I.., 
WATER RIVER WATER CUMULATIVE UNFILTERED 

... 
Sal'lp fl I 1 onll RJCHLA'ID Pll~IP IIOIISE 

'- 20IIILO 11 3 
.. 

-----------
'- • R .. ult • I• 2 Sfgu 

Clate Off flate On (PCI/L ) Co••enta ---- --- ---- -- ---------- -------- • '--· 09 JAN 82 02 JAN 8?. 2.06ft02 ti• l 0 60E • Ot 
ll JA" Bi.' 15 JAN 82 2.l9E • 02 ti• 2.00E • Ol • 

\.., . 
05 Ff8 82 29 JAN 82 3.57E • 02 •/• l 0 60E • OI 
19 Ff9 82 ll FEB 82 6 0 68E • 02 • I• 2 0 20E • OI 
02 I.IAR 82 2.81lf • 02 • I• 2 0 00E • OI 
I 6 ""q 82 3.30E • 02 • I• 2.ooE • Ol -'-- 30 '4AR 8?. 2 0 11H+02 •/• 2.ooE • lll 
13 APR 8?. 30 "4AR 82 l.78E • 02 • I• 2.ooE • Ol 

.._. 27 APq 82 20 APR 82 l.57E • 02 • I• 2.00E • OI 
12 '1AV 8? l.34E • 02 • I• 2.ooE • Ol 
18 '1AY 82 11 "1AY 8?. l.12Et02 ti• 2.ooE • Ol 

...... 08 Jlll-.l ll2 l.53E • 02 • I• l 0 60E • OI 
29 Jll" 82 12 JUN 82 l.OOE • 02 • I- l 0 40E • Ol 

... 
03 AllG 82 13 JUL 82 I .511E • 02 • I- l,40E • Ol 

\,.. 11 AUG 82 03 AUG 82 l.49E • 02 • I• l.40E+OI 
21 Sf"P 82 31 AUG 82 l.2nE • 02 • I• l.50E+OI -
26 OCT 82 21 SEP 82 l.51E • 02 • I• l,40E • OI 

'-' 
21 "ClV ,., 26 OCT 82 2.17E+02 +I• l.40Et01 .. 
07 0£.C 82 23 NOii 82 l.42E+02 • I• l.40E • OI 
18 JA'i n 05 JAN 83 9.07E • OI • I• l,34E • OI 2) 

I..., 15 ff6 83 111 JAN 81 l.18E • 02 • I- l,36E • Ot • 15 l\4Aq 83 15 FEB 83 1.34£ • 02 • I- l 0 40E • OI 
12 APR 63 22 MAR Ill l.94E • 02 ti• l 0 5JE • OI ·---

\,.. 10 MAY 81 12 APR 83 t.49E • 02 • I• 2 0 0t.Et0t • 07 Jll'i 81 10 ~l t.63Et02 • I• 2 0 09Et0l 
05 Jll 83 07 83 1.09 • O l 0 74Et01 Dr,. I..., 

All 
1)2 81 I • 2 l.49Et0l ..... . 

27 SEP 83 lo AllG 83 t.'.>5f • ll2 • I• l 0 44E+Ol . 
I.,., 

25 OCT 83 n SfP Ill l. HEt02 • I- l 0 45Et0I ~ 
22 NOV 83 25 OCT 83 l.93E+ol •/• 1.22E"+n1 · ~ •. n.x '~ .... 

20 OfC 83 22 NOV 83 7.81E • Ol • I• 1.nE+OI 

'-
14 ff8 811 H HN 8'1 l.37E • 02 • I- t.23E • OI 
13 -.AR 8q 14 FEB 811 l.50Et02 • I• t 0 25Et01 -
10 APR 811 IJ 'IAR 811 2.00E • 02 • I• I.05E+Ol 

I.., 
08 MAY 811 10 APR 811 l.5bE • 02 ti• l 0 08E • Ol 
05 JllN 811 118 , '1AY 84 l.79E • 02 • I- 1.llEtOI .... 
Ol JllL 811 05 J\IN 84 l.59E • 02 • I• 8.30Et00 I 

31 Jill 84 OJ JUL 61.1 1.311£ • 02 • I• 1.ooE • OI 
~ ., 

\,.. 
~ ~ 

28 AUG 8'1 31 JUL 64 1.44[ • 02 • I- 9.90E • OO ... 
25 SfP 611 28 AUG 811 2.70E • 02 ti• I 0 39E • Ol 

lo.., 23 OCT 84 25 SEP e,q l.76E • 02 • I• t .39Et0l ~ 20 NOV 64 23 OCT 84 l.32Et02 •/• l,26Et01 
18 DEC 84 20 NOV 811 1e85E • 02 • I- l~,~E • Ol • • 

I..., f . 
·t • 

~ • 
• l ... . 



\..." 
1if 3218 .. 0651 -~ 

29-nCJ•ll7 Vera Ion 1,n ••g• 
ftlVJIW 'IMfNTAL SAHPLE ANALYSU ~f:!iUL T Rff 

I .. -----------.. ------ -------- -~---- ...... I 
"-- ' 09 JAtl 82 to 28 JUL 8J 

\.. 
Ru u lt •/• 2 Sfg111 

Dita Off Oot e fln (PCI/L ) Co 11111ents ---- -- ---------- --------
29 JA~ (15 (lj! HN 85 l.b2f +02 •/• l,3bf • Ol 3) -...... 
19 HU 85 29 ,I A ~I 85 l.117f. • 02 • I• · l. lbE • Ol 
02 APR 85 2#, FEB 115 I ,611E • O?. •/• l ,113E • OI . 
30 4pq 85 02 4pq 8c; 1.80£ • 02 •/• l. 35E • O I ~ -- .:1.S:3H'"1 • \..· .. 28 MAY 85 30 apq 85 9.112E • OI +I• l,2ot+ol 
ll2 JI.IL 85 21l ' IAY ll5 1.51[ • 02 •/• l,211E • Ol 

...... 30 JIil 85 02 JUL 85 I. 72E+112 •/• l,20E • OJ • 03 SEP 85 30 Jill 85 l.b11E • 02 •/• l,2JE • Ol 
OJ OCT 85 03 SEP IJS 9 0 'Hlf • Ol •/• l • llf+Ol 

...... 29 OCT 85 01 OCT 85 1.07[ • 02 •/• l,03E • Ol 
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REFERENCE 31 

An Assessment of Aquifer Intercommunication in the B Pond - Gable 
Mountain Pond Area of the Hanford Site, RHO-RE-ST-12P 
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RHO-RE-ST -12 

l.O INTRODUCTION 

In 1943, the Manhattan District of the U.S. Army Corps of Engineers chose 
an unpopulated semiarid region of the Pasco Basin in Washington State as the 
location for the Hanford Engineering Works. The site (Figure l) was selected 
because of the need to isolate the first nuclear plants for national security 
reasons and to have a large area for isolating nuclear wastes from the public. 
Today, the Hanford Site is a u.s. Department of Energy (DOE) facility, and 
Rockwell Hanford Operations {Rockwell}, a prime contractor to DOE, is respon
sible for nuclear waste management at Hanford. 

Nuclear waste management at Hanford includes disposing of large volumes of 

liquid wastes to the ground (via ditches, ponds and underground cribs) and 
storing highly radioactive solutions in large underground ste~l lined rein
forced concrete tanks. The waste management (disposal and storage) facilities 
are located near the chemical processing facilities in the Separations Area 
near the center of the Hanford Site. Normally, the radionuclide concentrations 
of the wa:ate discharged to the ground average below maximum permfssible concen
tration guidelines; however, occasional, nonroutine, releases of higher concen
trations have occurred. As a result of these disposal practices, the uncon
fined aquifer underlying the Hanford Site has become contaminated (below 
applicable guidelines) and the water table has increased in elevation. 

There is a series of confined aquifers in the interflow zones and inter
beds between the dense basalt flows that underlie the sediments containing the 
unconfined aquifer. When postglacial flood waters and the ancestral Columbia 
River flowed between Gable Mountain and Gable Butte (Figure 1), portions of the 
basalt flows separating the unconfined and confined aquifers were eroded. 
Later the water table rose to levels exceeding the potentiometric surface of 
the upper confined aquifer, i.e., the Rattlesnake Ridge aquifer. This action 
created the driving force for the transport ·of contamination downward to the 
Rattlesnake Ridge aquifer through these areas of erosion, a phenomenon known as 
aquifer interconmunication. 
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REFERENCE 32 

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 

I , 
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File Note 

Date: 10/29/87 

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. 
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Csanene L-PriS,.,.iict=-::Numcar-::-~::::~--............ 

Pacific North'"5t Laboratories 

File/LB 

To F11 • -';;\ (j'~ 

From 

August 12, 1987 ~ -~ 

W. S. Weygandt~ 

Tr1-C1t1es Un1vers1ty Center Water Intake 

A telephone conversat1on 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 1s located on 
Sprout Road. 
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REFERENCE 33 

Memo to file regarding recreational use of the 

Columbia River from DR Shenvood, August 26, 1987 
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()Banene ProjectNumber ______ _ 

Pacific Northwest Laboratories Internal Distribution 

O.:ite August 26, 1987 

IWSS Fil es e-n/ 
DR Shen-1ood /J Jl4-., 

KH Cramer 
RD Stenner 
File/LS 

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 steelhead and salmon along the Hanford Reach since 1980. 

DRS/mgs 

- .;. _ 
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Battelle Fann Operations Drawing, RC-486 and RC-1147 
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File Note 
I 

Date: 10/29/87 J ,~ 
From: RD Stenner 12 U ' !J. 

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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Data Como1lat1on: Iodine-129 1n Hanford Groundwater, WHC-EP-0037 

- .;._ 

---
/ 



"-...0 
'-0 
'·....O 
c:::J: .. 
0::,- -,_ 

IU 
1M ... --= ~ 
1M e. 

.,.--·: 

., .. l 

WHC-EP-0037 

HANFOAO ANO AINGa.0 

! 
EI.EPHAHTMCUHTAIN (17 • 181l 11/i~~' 

RATTI.ESNAKc RlCGE /1e8• 21el 

I ... 
en 

i 
1M 
-' 

ij 
en 

MASTQ.I (7.C.S • 839) 

.,.en (839 •i18) 
1ft g 
w~ 

(918 • 1,000) !a: 
(1.0O:l • 1,061) 

ROZA('?) 

! (1,011 • 1,257} 

~ SCUAW C~eE!< (1.257 • 1.261) 

~ (1,291 • 1.310l 
1.J10 • 1,J57 ... 

i 
(1.357• 1,'15) 

en 1.~15• 1,.s9l 

I (1,'59• 1,5051 

(1,!05• 1.579t 
V, 

·1 (1.5"1• 1,1Ae) 

5 (1.7• • 1,1.S:2) 

(1,812• 1,951) 
VNfT'AGe (1 ,9!8• 1,9821 

2PSl7'01-4a 

Figure 5-2. Depth Distribution of Iodine-129 in Re1ation to 
Relation to 08-15 Stratigraphy • 

5-4 

. - __ .,.,._ ·-

( · 

( 

- --



-

WHC-EP-0037 

. Lo, 

~ 
i 

I 
I 

I.. 
I 
I 

½ 
I 
I 

I 
I 

I 
I 

i 
-N-

~ 

7 . • . I 
'7 Mc'GE!l0a.12 

I ca-,i 
L, ) 
1 . I 

~ I . ·1--= 
I 
I 

I 
I 
I 
l-

• 08-4 

• 08-13 

~ -

L.,. 
, 08-7 

? Unknown l.ocalion of Sb'Uc::Ur~ __:_ ~ 
i,_ ~, ,, • Borenoi• lcc:aUan '-- ---...._,__, 

$ ., 
Hydralogic anomar, • , 

I I +-- ~ 

Figure 3-4. Location of "OB" Series wens. 

3-6 

.. 

:; 

( 

( 

- --



WHC-EP.;.oo37 

., 
... 

Hentard~ 

' /~1 
uir.' 

u... 
..... UMT C: ,. 
~ i.g .. ..aclOUNff' CII ~ 

C: = .. I.OWlll~UMf = a 
"" .. ........... war-- ........~-- i • • CII ,..,_. .... • .s • 

aauAna.- i = 2 c:o. • UMAnu.. =a ...... o - ~ '...c • c:>- IO 

,e 
co - ,-sr 
C"'-J --~ --,_ 

:s -.,.,,,.... C IIGZA._ • a--, ) • • • 
I • i C, 

I ~ • = I ... • . r ... 3 z• 
i •2 

!"" s a2 - z • ; .. 
0 -

:s 
z ; 
= • - i ~ • • • 
1 • • 
! ~ = 0 • • • ~ .. i 
~ a ! 
C, .. .. 
C 
z ·•-»-... _ C 

____ , 
! 

' a - .;._ 

• 

•• 
/ 

Figure 3-2. Generalized Stratigraphy of the Hanford Si te • 
. / 

3-3 



a.,.· 
-.;_,o 
'·....O 
c::J; 

Ii! 
0::, -

,r·· 

REFERENCE 36 

Letter From RD S~enner to OM Bennett Regarding Ground Water Contaminant 
Plumes in the 100 Area, 200 Area and 300 Area, October 14, 1987 

Note: Only the 200 Area attachments are included in this package 



·~ r--, 
l "..J:l. 
c:) 

* 
' C:0 - · C'-..J 
~ -, .,,,,.... 
er,., 

.,.· 

- .. ·e 

CBanene 
. Pacific Northwest Laboratorie!> 

·· P.O . Bo• 999 
Rich~nd , Wuhington U.S.A. 99352 
Telephone (5091 

October 14, 1987 Telex 15-287• 

Mr. D. 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 Area 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.O. Stenner, Sr. Research Engr. 
Earth and Environmental Sciences Center 
GEOSCIENCES DEPARTMENT 

RDS:th 
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200 Area Ground Water Contamination 

The ground water tritium plume from the 200 Area is a discrete plume 
determined as the result of several years of ground wate~ monitoring. The 
attached map shows the extent of the defined plume. As can be seen from the 
attached map there is considerable distance between the defined aggregate 
areas and their associated plumes. The seeps discussed as entry points for 
the contaminated plume to enter the surface water are within the defined 
plume and no upstream {upstream from the identified seeps) samples of the 
surface water indicate any influence on the tritium concentrations at the 
identified seeps. The 200 Area tritium plume enters the river between river 
mile 27 and river mile 33 as described in the document PNL-5289 (Reference 
3). 
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REFERENCE 37 

Letter From RD Stenner To OM Bennett Regarding Liquid Waste 

Sites and Burning Pits, October 26, 1987 
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()Banene 
Pacific Northwest Laborarories 
P.O. Sox 999 
Richland . Washing•on U.S.A. 99JS2 
Telephone t509J 

October 26' 1987 Tt!lex 1S-2874 

O.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 Liqui~ 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 wnich 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. 

I 
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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. 0. · Stenner f.tJ 
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 I 
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MEMORANDUM 

DATE: 12/18/87 ~ 
FROM: R.O. StennerltJ 

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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Environmental Monitoring at Hanford for 1985 
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Environmental Monitoring 
at Hanford for 1985 
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SURFACE-WATER MONITORING 

The Columbia River constituted the primary environmental exposure pathway to the public for 
radioactivity in liquid effluents. Radionuclides in the river have decreased significantly sir.ce the 
shutdown of the plutonium production reactors with single-pass cooling systems and the installation 
of improved liquid effluent control systems at the N Reactor. However, radionuclides associated with 
Hanford operations continued to be routinely identified in the river water during 1985. 

In addition to the river, four onsite ponds were sampled periodically to determine radionuclide 
concentrations. These ponds were accessible to migratory water fowl as well as other animaJs residing 
on the Site. As a result, a potentiaJ biologia.l pathway existed for the removal and dispersaJ of any 
contaminants that may have been present in the pond water and sediments. 

COLUMBIA RIVER 

The Columbia River is used as a source oi drink
ing water on site as well as at communities down
str.eam of the Hanford Site. As a result, the 
Environmental Protection Agency and the State 
or Washington drinking-water regulations are 
applicable (Appendix a. In addition, the ri'✓er is 
also used extensively for crop irrigation and 
recreational activities such as fishing, hunting, 
boating, water skiing, and swimming. In view oi 
this, the river water continued to be closely 
monitored for radionuclides of potential Han
ford origin. Samples taken upstream and down
stream of the Site are analyzed for selected 
radionuclides at frequencies commensurate 
with their half-lives and their importance as ei
ther verifiers of waste containment or indicators 
of potential environmental impacts. Radionu
clides oi primarv significance in the river are 3H, 
60Co, a,Sr, 90S r, IJ1l, ,i,I, 131 Cs, 23,.2"°Pu, and ura-
nium (U). 

Sample Collection and AnaJysis 

Samples of Columbia River water were collected 
throughout 1985 at the upstream and down
stream locations shown_ in Figure 23. The up
stream sampler was :ocated approximately 
mid-stream within Priest Rapids Dam and col
lected samples as water passed through the 
dam. Priest Rapids Dam is located approxi
mately 5 miles upstream of the Hanford Site 
boundary. The downstream samples were col
lected at the 300 Area and City of Richland water
supply intakes. The 300 Area sampling location 
was near the southern boundary of the Site and 
collected water from the intake forebay ~long 

the shoreline. The Richland sampler, located 
about 2 miles downstream of the site boundary, 
collected water from a point approximately 30 
feet into the river from the shoreline. 

Two types of samplers were used in most in
stances: a cumulative system that collected a 
fixed volume or water at set intervals during 
each sample period and a specially designed 
system that continuously collected waterborne 
radionuclides from the river water on a series oi 
filten and ion-exchange :resins. Grab samples 
were used in a few special cases when routine 
equipment was inoperable. 

The cumulative samplers consisted of a timer-ac
tivated solenoid valve that periodically diverted 
a continuously flowing substream of Columbia 
River water into a 10 ~ container. This cycle re
peated itself throughout the 1-week sample pe
riod such that approximately 30 m2oiwaterwere 
collected every 30 minutes. The 1~ sample 
container was changed every week.and the sam
ple was taken to the laboratory, where the water 
from a single location was composited over a 
4-week period prior to analysis, resulting in a 
total sample size of approximately 40 ~. Tritium, 
89Sr, 90Sr and uranium were the radionuclides of 
interest in the samples collected with the cumu
lative sampling system. 

A special system was used to separate the ra
dionuclides from river water prior to analysis. A 
large volume of water was required to allow the 
extremely • smail concentrations or certain ra
dionuclides in the river water to be detected. 
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AClJRE 23. Columbia River Water Sampling and Onsite Pond Locations 

River water flowed through the collection sys
tem at a rate of approximately 50 m 2/min, result
ing in a total volume of about 1000 e sampled 
during each 2-week sample period. Suspended 
particulates greater than 0.45 ll m in diameter 
were removed from the water on a . series of 
filters, and soluble radionuclides, except tri
tium, were collected on a mixed-bed, ion-ex
change resin column. The filters and 
ion-exchange resin were exchanged every 2 
weeks and analyzed for gamma-emitting ra
dionuclides. The filters and resin from each loca
tion were then composited se'barately for 
quarterly analyses of 131, 231?u, and ,.2

40?u. 
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Results 

The results of the analysis ot Columbia River 
water samples collected during 1985 are summa
rized in Tables A.13 and A.14, Appendix A._ Sig
nificant results are discussed and illustra_ted 
below, with comparisons to previous years' ·re
sults provided as weH. Radionuclides consis
tently observed in measurable quantities in river 

. 1 90 , ::,1 u1C d water during 1985 were H, Sr, U, , s, an 
239

.2
40?u. All or these are reportedly present in 

effluents from Hanford facilities and exist in 
worldwide fallout as well. In addition, 3H and U 
occur naturally in the environment. 

Annual average concentrations ·oi tritium mea~ 
sured upstream and downstream oi the Hanford 
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Site during 1985 were 110 pCi/2 and 150 pCi/2, 
respectively. Figure 24 provides a comparison cf 
monthly tritium concentrations observed in 
river water, showing that concentrations down
stream were generally higher than those up
stream during the year. Statistica! tests indicated 
that the difference between the downstream 
and upstream concentrations was significant.1

ai 

Sources of tritium entering tne.river were efflu• 
ent releases from N Reactor and ground water 
entering the river along the Site (see "Effluents, 
Waste Disposal, and Unusual Occurrences" and 
"Ground-Water Monitoring''). The concentra
. tions of tritium observed in the river during 1985 
were similar to those obsf!rved during recent 
years and were comparable to measurements 
made on Columbia River water by State of Wash• 
ington personnel (OSHS 1985). Figure 25 pro
vides • a comparison of the annual average 
concentrations of 3H, CJOSr, and U for the period 

(al Paired sample comparison, t-test of differences 
(Snedecor and Cochran 1976). 
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1981 through 1985. All observed tritium concen
trations were well below the State of Washing
ton and EPA screening level or 20,000 pCi/2. tor 
drinking water. 

The CJOSr concentrations measured upstream and 
downstream during 1985 were essentially the 
same (0.15 pCi/2 and 0.16 pCi/2. re;P,ectively). 
Figure 25 shows the annual average Sr concen
tration to be slightly higher at the downstream 
location, consistent with observations made in 
past years. However, differences observed 
since 1981 have been very slight, especially 
when the uncertainty associated with the aver
ages is considered. Figure 26 presents the 
monthly CJOSr concentrations observed during 
the year at both the upstream and downstream 
locations, demonstrating that downstream con
centrations are not consistently higher than the 
upstream concentrations. Statistical tests also 
indicated that the difference between upstream 

_.,_ Downstream 

so---~-~---------"--.i....-1....--11........1.....,...1.-..J 
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1985 

RC\JRI: 24. Tritium Concentrations Measured in Columbia ~iver Water During 1985 
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FJGURE 25. Annual Average Tritium, 
Strontium-90 and Uranium 
Concentrations Measured in the 
Columbia River, 1981 to 1985 

and downstream concentrations was insignifi
cant. The only known source of 90Sr entering the 
Columbia River was from the 100N liquid-waste 
disposal facility, which reportedly discharged 
8.7 Ci to the river during 1985. All 90Sr concentra
tions observed during 1985 in the Columbia 
River water were well below the State of Wash
ington and EPA screening level of 8 pCi/2for 
drinking water. 

Strontium-a9 concentrations in Columbia River 
water collected upstream and downstream of 
Hanford were generally below the detection 
levej during 1985. As in pa.st years, average con
centrations of a,Sr were essentially the same up
stream and downstream of the Site (0.087 pCi/2 
and 0.100 pCi/2, respectively). 

Uranium concentrations in 1985 continued to be 
slightly higher in samples of Columbia River wa
ter collected downstream of Hanford than in 
those collected upstream, as shown in Figure 25. 
While the difference in the annual averages up
stream versus downstream (0.38 pCi/2 and 0.48 
pCi/2, respectively) is very slight, monthly vaJues 
observed during the year were generally higher 
at the downstream location, as Figure I7 shows. 
All uranium concentrations observed during 
1985 correspond !"tth doses well below the State 
of Washington and EPA standard of 4 mrem/yr 
for drinking water. Although there is no direct 
discharge or uranium to the river, it is known to 
be a primary constituent of the i:-round water 
beneath the 300 Area (see "Ground-Water Moni
toring" section) and has been detected at ele
vated levels in riverbank springs entering the 
river in this area (McCormack and Carlile 1984). 

As in the past several years, 12'1 concentrations 
continue to be higher in downstream river water 
than upstream. The average upstream and 
downstream concentrations in river -«ater dur
ing 1985 were 9 aCi/2 and 88 aCi/2, respectively. 
lodine-129 in the river is attributable to the flow 
of ground water, which is known to contain 12

'\ 

from the unconfined aquifer into the river (see 
"Ground-Water Monitoring" section). Figure 28 
provides the quarterly 12'1 results for the up
stream ar.d downstream locations and also 
shows the average quarterly flow rate or the 
Columbia River for 1985 and the previous 3 
years. As the figure shows, the ·differences ob

. served during 1985 between the upstream and 

111.23 

downstream concentrations were simi lar to the 
differences observed in past years. The figure 
also illustrates the influence of the river flow rate 
on the downstream 12'1 concentrations; as 
higher flow rates are associated with reduced 
concentrations, and vice versa. As has been the 
case for other radionuctides, the concentrations 
of 1211 observed in the Columbia River water 
during 1985 were well below those concentra
tions which would result in doses exceeding the 
State of Washington and EPA Standard for drink
ing water, 4 mrem/yr. 
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Memo from Kathleen Ga 11 away, MITRE, to Sandy Crysta 11 , EPA 
December 29, 1987 
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To: 

MITRE 

Sandy Crystall, 
Acting Chief for NPL Operations, 
Environmantal 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 (703i 883-6000/Telcx 248923 




