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Facility name: U.S. DOE Hanford 100 Area -Recejwed: SE, 1 4 "'1 

Location: Hanford S1te 

EPA Reg1on: .;.;.X ____________________ _ 

Person{s) 1n charge of the facil1ty: J. J. Keating, Asst. Mgr. 

Safety, Environment and Security 

509 - 376 - 7334 

Name of Reviewer: D. M. Bennett, EPA Region X Date: 8-17-87 

General descr1pt1on of the fac111ty: 
(For ex~le: landfill, surface 1q>oundment, p1le, container; types of 
hazardous substances; location of the fac111ty; contam1nat1on route of 
aajor concern; types of 1nformat1on needed for rating; agency action, 
etc.) 

The 100 Area Site contains the 116-B-4, 116-8-6 1 116-C-2, 116-0-lA, 

116-0-lB,116-F-5 1116-F-10 1116-H-3 1116-K-2 1116-8-1 1116-B-3 1116-C-l, 

116-D-2,116-0R-1 1116-DR-2,116-DR-4,116-F-l,116-F-2,116-F-3,116-F-4 1 

116-H-1 1116-H-4 1116-K-1 1116-K-2 1116-B-5 1116-8-10,116-C-2,116-0-3, 

116-0-4,116-F-9,116-F-13,116-B-2,116-D-lA,116-0-18,116-0R-3,116-F-3, 

116-KE-3,116-KW-2,116-0R-6,116-F-1 1116-F-6,116-F-12,116-H-2,116-K-2, 

116-0R-8,116-F-7,117-B,117-C1117-0,117-H 1100KE*l,100KE*2,100KE*3,100~1 

lOOKV-'2 1116-B-9 1116-0-6 1116-F-ll,116-DR-7 1 116-KE-1 1116-KW-l,116-KE-2, 

107-81107-C,107-0 1107-DR,107-F,107-H,107-KE,107-KW, 'white Bluffs 

Pickling Acid Crib,118-8-1,118-B-4,118-B-5,118-C-2,118-0-1,118-0-3, 

118-0-5,118-0R-l,118-F-1,118-F-3,118-F-7 1118-H-1,118-H-2,118-H-3, 

Scores: 5M • ~ lt (Sgw • ,.12 Ssw • 80.00 Sa • 0.00) 
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FIGURE 1 
HRS COVER SHEET 1- ~I~ l{._1' 
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118-H-4, 118-H-5, 188-K, 118-8-2, 118-B-3, 118-0-4, 118-F-1, 118-H-3, 

118-B-6,118-F-5,118-F-6,118-B-1,li8-B-7,118-C-1,118-D-l,118-D-2, 

118-F-2,118-F-4,118-H-l,118-K,l00B/C Burn Pit,l000R Burn Pit,l0OF 

Burn Pit,l0ON Burn Pit and l00K Burn Pit sites. 

FIGURE l (Continued) 
HRS COVER SHE.ET 
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HRS Ground Water Route Work Sheet 

Site: U.S. DOE Hanford 100 Area 

Rat1ng Factor 
Assigned 

Value 
Multi- Max. 
p11er Score Score 

8/17/87 

Ref. 
(Section) 

•••••••••••••••••a•=•••••••••••••••=•=•••=•••••••~•=•=•••==•••=••==•=•==== 

1. Observed Release 45 1 45 45 

2. 

If observed release 1s given a score of 45, proceed to line 4. 
If observed release is g1ven a score of O, proceed to 11ne 2. 

Route Characteristics 
Depth to Aquifer of Concern 0 2 0 6 
Net Precipitat1on 0 1 0 3 
Penneability of the 0 1 0 3 
Unsaturated Zone 

Physical State 0 1 0 3 

3.1 

3.2-

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

3. Containment 

4. Waste Characteristics 
Chemical 
a. Toxicity/Persistence 

Hazardous Waste Quantity 

Total Waste Characteristics Score 

5. Targets 
Ground Water Use 
01stance to Nearest Well/ 
Population Served 

0 

18 
8 

I 
0 

1 

1 
1 

3 
1 

0 

0 

18 
8 

26 

3 
0 

15 

3 

18 
8 

26 

9 
40 

3.3 

3.4 

3.5 
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--------------------------------------------------------------------------HRS Surface Water Route Work Sheet 
=======✓ ========~=============2=== 

Site: U.S. DOE Hanford 100 Area 

Rating Factor 

1. Observed Release 

Assigned 
Value 

45 

Multi- Max. 
plier Score Score 

1 45 45 

8/17/87 

Ref. 
(Section) 

4.1 

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. 

2. Route Characteristics 4.2 
Facility Slope & Intervening 0 1 0 3 
Terrain 

1-yr. 24-hr. Rainfall 0 1 0 3 
Distance to Nearest Surface 0 2 0 6 
Water 

Physica l 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 

Total Targets Score 

6. If line 1•45 (lx4x5) 

0 

18 
8 

3 
0 

35 

1 

1 
1 

3 
2 

1 

0 

0 

18 
8 

25 

9 
0 

35 

44 

If line l•O (2x3x4x5) 51480 64350 

15 

3 

18 
8 

26 

9 
6 

~ 

55 

4.3 

4.4 

4.5 

1:·L1~;-6i64Jso·:·ioo··-----s~c;:i:··---ao:oo··---------------------;\~l~P 
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--------------------------------------------------------------------------HRS Air Route Won: Sheet 
•••••••••=••s••••••••••• 

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

Rating Factor 
Assigned 
Value 

Multi-
plier Score 

Max. 
Score 

Ref. 
(Section) 

••a••••s•••••=zss:s••••••••••••••••••••••••••••••••••••=a•••••••••s••=•••• 

1. Observed Release 

Date and Locat i on: 

Sampling Protoco l : 

0 1 0 45 . 

If observed release is given a score of 45, procee~to line 2. 

5.1 

If observed release is given a score of 0, the Sa=O. Enter on Line 5. 

2 . ~aste Character i st i cs 

a. Chemical 
Reactivity and 

Incompatib ili ty 
Toxicity 
Hazardous Waste Quantity 

Tota l Waste Char=(!eristics Score 

3. Targets 

Population Within 4-Mile 
Radius 

Di stance to Sens i tive 
E!i ·~ i ronment 

La~d Use 

Total Targets Score 

4. Mu l tiply 1 X 2 x 3 

0 

0 
0 

0 

0 

0 

1 

3 
1 

1 

2 

1 

0 

0 
0 

0 

0 

0 

0 

0 

3 

9 
8 

20 

30 

6 

3 

39 

0 35 100 

5.2 

5.3 

-------------------------------------------------------------------------- \~~ 
: :. :: ~~. ::::: ?? .:. :?? ..... ----~~!~~ : ..... ?:?? _____________ -- --. -_________ :\ \ t ( ;i 
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Groundwater Route Score (Sgw) (.. I 2. 

Surface Water Route Score (Sgw) 80.00 

A1r Route Score (Sa) 0.00 

s2 + s2 + s2 --'qw SW a 

s2 + sz + s2 -·gw SW a 

sz + s2 + s2 I 1. 73 • SM • -gw SW a 

FIGURE 10 
WORKSHEET FOR COMPUTING SM 
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sz 

37. yS" 

6400.00 
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DOCUMENTATION RECORDS 
FOR 

HAZARD RANKING SYSTEM 

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

FACILITY NAME: U.S. DOE Hanford 100 Area 

LOCATiON: Hanford Site, Benton County, Washington 

DATE SCORED: 8-17-87 .;..__....c._. ______________________ _ 

PERSON SCORING: R. D. Stenner , Pac if ic Northwest Laboratory for DOE 

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

rhe information was taken from Department of Energy documents and databases 
associated with the Hanford Site, as well as from other publicly available 
documents address i ng conditions at or in the vicinity of the Hanford Si te. 
Information was also gathered through telephone and personal communicat ions 
with respons ible individuals (such information is referenced accordingly in 
the package). 

FACTORS NOT SCORED DUE TO INSUFFICIENT INFORMATION: 

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

COMMENTS OR QUALIFICATIONS: 

The Department of Energy has ~ompleted a preliminary assessment of the 
hazardous waste sites located on the Hanford Site. This work served as the 
primary basis for developing the scores for the aggregate 100 Area Site. ~ 
These preliminary assessment efforts are documented in the •craft Phase I 
Installation Assessment of Inactive Waste-Disposal Sites at Hanford" vol,es" ~ 
and respective addenda which are referenced throughout the package. C): ~~1 I 
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GROUND WATER ROUTE 

1 OBSERVED RELEASE 

Contaminants detected (5 maximum): 

An observed release to the ground water beneath the 100 Areas can be verified 
using several different substances. For the purpose of documenting observed 
release to the ground water it was determined that the strontium-90 (Sr-90) 
and chromium (Cr) would provide sufficient evidence. Evidence of observed 
release can be given in tenr.s of a comparison of background concentrations 
and down gradient concentrations for both Sr-90 and Cr. Wells used to verify 
observed release of Sr-90 are listed in the following table. 

100 Area Wells for Sr-90 

BACKGROUND 
Concentration 

Date Well (pCi/L) 

4/10/87 l-H4-5 <0:753 pCi/L 

DOWN GRADIENT 
Concentration 

Date Well (pCi/L) 

4/10/87 l-H4-4 
5/29/87 l-N-4 

8.05 pCi/L 
12.5 pCi/L 

The wells used to verify observed release of Cr to the ground water beneath 
the 100 Area are listed in the following table. 

100 Area Wells for Cr 

BACKGROUND 
Concentration 

Date Well 

6/12/87 6-77-54 

(Eg/L) 

<10 µg/L 

Date 

5/21/87 
3/25/87 
3/18/87 

DOWN GRADIENT 
Concentration 

Well (Eg/L) 

l-B3-1 
l-D5-12 
l-K-20 

62 µg/L 
1,560 µg/L 

137 µg/L 

Reference 5, page 3.14; Reference 2; Reference 3, pages 19, 23, 274, 13,16, 
and 21; Reference l; Reference 10; Reference 18 

Rationale for attributing the contaminants to the facility: 

The .nine 100 Areas (8, C,· D, DR, KE, KW, F, H, and N) border the Columbia 
River in the northernmost part of the Hanford .Site. Each of the nine areas 
has one production reactor. Eight of these reactors have been shut down; 
only the N Reactor, used for both plutonium and electricity production is 
still in operation. When the reactors were operational, cooling water was 
drawn from the river and treated with alum, sulfuric acid and chlorine. 
Excess sulfuric acid was used to maintain the pH of the water within a 
desired range. To control oxidation of aluminum parts in the reactor, sodium \~' 
dichromate was used to maintain an oxidation coating on aluminum parts. The \ 1,\ 

chlorine was added for algae control i: the settling basins; at times copper\\\tt} 



sulfate was added for additional algae control. As the cooling water passed 
through the reactor various activation products (e.g, Co-60, Ni-63, etc.) 
were dissolved in the cooling water. When a fuel element ruptured or 
developed a pin hole in its' cladding some fission products such as Sr-90 
would dissolve in the cooling water. Chromic acid, oxalic acid and nitric 
acid were used for dummy fuel-element decontamination. In addition to 
vertical safety rods for emergency reactor shutdown, the reactors were 
equipped with hoppers of nickel-plated boron steel balls, nickel-plated 
carbon steel balls, and stainless steel balls that would drop into the 
vertical safety rod channels for emergency shutdown. This system required no 
supplementary power source. Although it was never used, a third safety 
system, one involving the use of potass ium borate solution, was in place at 
the reactors. A supplementary control system, in addition to the nonnal 
horizontal control rods, was incorporated into the reactors. This 
supplementary control system consisted of a Poison(a) Column Control Facility 
that could charge selected process tubes with a lead-cadmium poison to a~sorb 
neutrons. Boron-carbide aluminum poison splines were also used for 
supplementary control. These activities resulted in waste containing the 
contaminants discussed above being disposed of in the 100 Area. Down 
gradient wells show contaminant concentrations significantly above those 
found in the background wells. 

(a) The tenn poison refers to a material's ability to absorb neutrons and 
thus control the rate of fission. 

Reference 4, pages 2.11-2.13 

2 ROUTE CHARACTERISTICS 

Depth to Aquifer of Concern 

Name/description of aquifer(s) of concern: 

The aquifer of concern is the unconfined aquifer which is comprised of the 
glacio fluvial sediments of the Hanford formation and the . late deposits of 
the Ringold formation. It generally slopes downward from west to east; depth 
to ground water is from 10 to _lS meters (34 to 48 feet). 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 water table have a low 
permeability and act as a barrier to lateral flow of the ground water. The 
saturated thickness of the unconfined aquifer is greater than 61 min some 
areas of the Hanford Site and pinches out along the flanks of the basalt 
anticlines. 

Recharge to the unconfined aquifer originates from several sources. Natural\,\'\~ 
recharge occurs from precipitation at higher elevations and runoff from \ \ Jed 

2a 1>r 



ephemeral streams to the west, such as _Cold Creek and Dry Creek. The Yakima 
River recharges the unconfined aquifer as it flows along the southwest 
boundary of the Hanford Site. The Columbia River recharges the unconfined 
aquifer during high stages when river water is transferred to the aquifer 
along the river bank. The u~--,nfined aquifer receives little recharge from 
precipitation directly on the rlanford Site because of a high rate of 
evapotranspiration under native soil and vegetation conditions , Large scale 
artificial recharge occurs from offsite agricultural irrigation and liquid­
waste disposal in the operating areas at Hanford. 

Underlying the surface sands is a mixture of sand and gravel extending to a 
depth of about 200 feet (60 meters). Basaltic rock starts at that depth and 
extends downward over 1.9 miles (3000 meters). 

Reference 5, page 2.5; Reference 4, pages 2.11-13; Reference 9 

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

Not applicable. 

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

Not applicable. 

2b 
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Net Precipitation 

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

Not applicable. 

Mean annual lake or seasonal evaporation {list months for seasonal): 

Not applicable. 

Net precipitation (subtract the above figures): 

Not applicable. 

Permeabilitv 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 



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: 

These substances are associated with production reactor operation (See iables 
1 and 2): 

uranium 
lead 
cadmium 
sodium dichromate 
sodium oxalate 
sulfuric acid 
sulfamic acid 
potassium borate 

Substances in the 100 Area 

mercury 
plutonium-238 
plutonium-239 
plutonium-240 
tritium 
cob a lt-60 
strontium-90 
copper sulfate 

cesium-137 
cesium-134 
europium-152 
europium-154 
europium-155 
sodium sulfamate 
nickel-63 
sodium hydroxide 

Reference 4, pages 2.11-2.13; Reference 6 (The numerous individual pages are 
not included in the package, please consult the reference 6 document using 
the list of individual sites listed on the cover sheet of this package for 
verification of which individual sites contain which substances); Reference 
19 

Compound with highest score: 

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

Toxicity Persistence TOTAL 
Substance Score Score Score 

uranium 3 3 18 
lead 3 3 18 \\~ mercury 3 3 18 
di chromate 3 3 18 ~\\ J 
plutonium 3 3 18 't 

Reference 7, pages 794-797; REference 20. 
4 



Hazardous Waste Quantity 

Total quantity of hazardous substances · at the facility, excluding those with 
a containment score of 0 (Give a reasonable estimate even if quantity is 
above maximum): 

The total quantity of hazardous substances associated with the aggregate 100 
Area Site is estimated to be 4.3 billion cubic yards. Table 1 presents the 
individual sites and associated data for the 100 Area Liquid Waste Sites that 
were used in creating the aggregate 100 Area Site. Table 2 presents the 
individual sites and associated data for the 100 Area Solid Waste Sites that 
were used in creating the aggregat~ 100 Area Site. 

References are listed by waste site in Table 1. 

Basis of estimating and/or computing waste quantity: 

The volume of wastes disposed of to waste sites at the 100 Area was 
calculated as the sum of the volumes received by individual waste sites. The 
basis for this estimate of liquid waste volume is given in Table 1. For 
purposes of developing the inventories, individual waste sites were 
aggregated into groups that received iimilar wastes. These groups, and the 
individual sites comprising each group, are identified in Table 1. Also 
included in this table are a description of the general types of waste 
received by the group of sites, the period of operation covered by the group, 
the estimated waste volume received by the group, and the references for the 
waste volumes received by the individual sites. In some cases, an individual 
site received more than one type of waste. If so, the site was assigned to 
more than one group and its waste volume was divided into the volumes 
received by each particular site group. Similar information for 100 Area 
sites receiving solid wastes is presented in Table 2. 

4a 



Area No. and Name 

100 Area Decontamination 
Waste Cribs (116-B-4, 
116-0-6, 116-C-2, 
116-0-lA, 116-0-10, 
116-f-5, 116-f-10, 
116-11-3, 116-K-2) 

100 Area Contaminated 
Reactor Effluent Cribs and 
Trenches (116-8-1, 
116-8-3, 116-C-l, 
116-0-2, 116-Dll-l, 
116-Dll-2, 116-0R-4, 
116-f-l, 116-f-2, 
116-f-3, 116-f-4, 
116-11-1, 116-11.:.4, 
116-K-l, 116-K-2) 

9 7 ... 

TAOI.[ l. 100 AllEA Ll()UID WASH SITES 

Waste T v.._p e-'s'--_ 

Decontamination 
solutions consisting 
of chromic, oxalic, 
and/or sulfuric acid 
solutions neutralized 
with soda ash. 
Solutions were used to 
decontaminate dunMny 
fuel elements and 
reactor hardware. 

Reactor effluent con­
taminated when fuel 
element cladding 
failed. Radiological 
contamination 
consisted chiefly of 
mixed fis~ion 
products. Chemical 
contamination 
consisted of sodium 
dichromate added to 
reactor coolant as 
oxidant. 

Years 

1947-1970 

1946-1971 

4h 

Estimated Volume 

2 .3 x 106 L 

3.0 x 1011 L 

No. of 
Cubic Yds 

3,000 

3. 9 X 108 

References 

Reference 6, 
pages 13-14, 
17-20, 45-48, 
59-60, 61-62, 
113-114, 121-
1?.?., 151-152, 
173-174 

lleference 6, 
pages 7-8, 
11-12, 43-44, 
63-64, 87-88, 
89-90, 93-94, 
105-106, 107-
108, 109-110, 
111-112, 147-
148, 153-154, 
171-172, 173-174 



I 7 

No. of 
Area No. and Name Waste T}'.~es Years Estimated Volume Cubic Yds References 

100 Area Laboratory Waste Wastes associated with 1950-1976 3 .2 x 108 L 4.2 X 105 Reference 6, 
Cribs and Trenches labs and shops in the pages 15-16, 
(116-B-5, 116-0-10, 108 Buildings, 23-24, 45-48, 
ll6-C-2, 116-D-3, including 108-0 65-66, 67-68, 
ll6-D-4, 116-f-9, Tritium Lab and Tube 119- 120, 127 - 128 
116-f-13) Examination facility, 

108-C Metal 
Examination facility 
and 100 f Biology 
Labs. Contaminants 
consisted mainly of 
tritium and low levels 
of mixed fission and 
activation products . 
Negligible chemical 
contamination except 
Biology Lab 
facilities, which 
received nitrate from 
animal wastes. 

100 Area fuel Storage Storage basin cooling 1946 -1971 2 .o x 107 L 2.6 X 104 Reference 6, 
Basin Cribs and Trenches water contaminated pages 9-10, 
(ll6-8-2, 116-0-lA, with low levels of 59-60, 61-62, 
116-0-10, 116-0R-3, mixed fission products 91-92, 109-110, 
116-f-3, 116- l<E-3, due to failure of fu el 179- 180, 195-196 
116-l<H-2) element cladding . 

4c 
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Area No. and Name 

JOO Area Reactor 
Decontamination and 
Maintenance Effluents 
Cribs and Trenches 
(116-DR-6, 116-f-l, 
116-f-6, 116-f-12, 
116-11-2, 116-K-2) 

100 Area Reactor 
Confinement Seal Pit 
Drainage Cribs (116-0R-8, 
116-f-7, 117-B, 117-C, 
117-0, 117-11) 

100 Area Sulfuric Acid 
Sludge Disposal Sites 
( IO0KP 1, 100KP2, 
IOOKE*3, IOOKW* 1, 
IOOKW*2) 

9 

Waste Types 

Reactor effluents 
during reactor 
maintenance 
activities. Much of 
the waste volume was 
uncontaminated. 
Radionuclides present 
were mainly low levels 
of mixed fission 
products and 
activation products. 
The main chemical 
contaminant was 
sulfuric acid, which 
was used for reactor 
decontamination. 
Sodium dichromate was 
also present in some 
of the effluents. 

Drainage from 117 
Building confinement 
system seal pits. 
Very low levels of 
contamination. 

Mercury-contaminated 
sludge from sulfuric 
acid storage tanks. 

Years 

1945-1971 

1960-1969 

1955-1971 

"" 

fstimated Volume 

6. 1 x 108 L 

2.2 x 106 L 

3. 7 x 104 L 

No. of 
Cubic Yds 

8.0 X 1Q5 

2,900 

48 

References 

Reference 6, 
pages 95-96, 
105-106, 115-
116, 125-126, 
14 9-150, 17 3-17 4 

Reference 6, 
pages 42-44, 
49-50, 85-86, 
99-100, 117-118, 
167-168 

Reference 6, 
pages 181-183, 
185-187, 189-
191, 197-199, 
201-203 



9 9 7 

No. of 

Area No. and Name Waste T_y~es Years Estimated Volume Cubic Yds References 

100 Area Miscellaneous Drainage from floor 1952- 1967 3.4 x 105 L 440 Reference 6, 

floor and Sink Drain Cribs and sink drains. Very pages 21-22, 

( 116-B-9, 116-0-6, low levels of 69-70, 123-124 

116-f-11) radioactive 
contamination. No 
chemic a 1 
contamination. 

100 Area Potassium Borate Liquid potassium 1953 4 x 103 L 5.2 Reference 6, 

Crib (116-DR-7) borate solution. No pages 97-98 

radioactive 
contamination. 

100 Area Gas Purification Condensate from 1955- 1971 1.6 x 106 L 2 .1 X 103 Reference 6, 

Condensate Cribs reactor gas pages 175-176, 

(116-KE-l, 116-l<W-l) purification system. 193-194 

Contaminated with 
tritium and carbon-14 
and small amounts of 
fission products. 

100 Area Ion Exchange Wastes from 1955-1971 3 .0 x }06 L 3.9 X 103 Reference 6, 

Regenerant Crib (116-KE-2) regeneration of ion pages 177-178 
exchange columns. 
Contained sulfuric 
acid. caustic. and 
mixed fission products 
and activation 
products. 

4e 
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No. of 

Area Ho. and Name Waste Ty~es Years Estimated Volume Cubic Yds References 
---- -

100 Area Retention Basin Reactor effluent 1944-1971 · 3.0 x 1012 L 3.9 X 109 Reference 16 

Leakage ( 107-0, 107-C, containing very small 
107-D, 107-DR, 107-f, amounts of fission 
107-11, 107-l<E, 107-l<W) products and 

activation products. 
Chemical contamination 
limited to small 
amounts of sodium 
dichromate added lo 
reactor coolant as 
oxidant. 

100 Area White Uluffs Waste nitric and 1943-1945 7 x 105 L 900 Reference 16 

Pickling Acid Crib hydrofluoric acid used 
to pickle galvanized 
piping. Acid may or 
may not have been 
neutra 1 ized. 

TOTAL 3.3 x 1012 L 4.3 X 109 



Area No. and Name 

100 Area Metallic Waste 
Burial Grounds (118-0-1, 
118-8-4, 118-B-5, 
116-C-2, 118-0-1, 
118-0-3, 118-0-5, 
118-0R-l, 118-f-1, 
118-f-3, 118-f-7 I 
118-11-1, 118-11-2, 
118-11-3 I 118-11-4 I 

118-11-5, 118-1<) 

100 Area Construction 
Waste Burial Grounds 
(118-8-2, 118-0-3, 
118-0-4, 118-f-l, 
118-11-3) 

100 Area Lab Waste Burial 
Grounds (118-8-6, 118-f-5, 

118-f-.6) 

9 

rABLE 2. 100 AREA SOLID WASTE SITES 

Waste Types Years 

Metallic waste 1944-1975 
consisting mainly of 
discarded reactor 
hardware, including 
such items as aluminum 
tubes and spacers; 
lead and cadmium 
containing slugs, 
graphite, desiccant, 
aluminum and boron 
sp l i nes; 1 ead; and 
mercury. Radioactive 
contaminants, 
primarily activation 
products. 

Construction waste, 1953-1967 
demolition debris. 
Small amounts of 
radioactive 
contamination. 

Low-level radioactive 1950-1975 
wastes from 100 Area 
laboratories, in-
cluding trilium wastes 
and animal wastes. 

'1g 

Estimated Volume 

1,000 m3 

48,000 m3 

20,000 m3 

No. of 
Cubic Yds 

1,300 

63,000 

26,000 

References 

Reference 6, 
pages 25-27, 33-
34, 35-36, 55-
56, 71-72, 77-
79, 83-84, 101-
102, 129-131, 
135-136, 143-
144, 155-157, 
159-160, 161-
162, 163-164, 
165-166, 205-207 

Reference 6, 
pages 29-30, 31-
32, 81-82, 129-
131, 161-162 

Reference 6, 
pages 37-38, 
139-140, 
141-142 



Area No. and N.;__a=m-"-e __ 

100 Area Miscellaneous 
Solid Waste Burial Grounds 
(118-B-l, 118-8-7, 
118-C-1, 118-D-1, 
118-0-2 I 118-f-2 1 

118-f-4, 118-11-1, 118-K) 

100 Area Burn Pits 
(100 8/C Burn Pit, 
100/DR Burn Pit, 
lOOf Burn Pit, 
lOON Burn Pit, 
IOOK Burn Pit) 

----

9 

Waste Typ~s __ _ 

Radioactivity 
contaminated trash and 
miscellaneous solid 
wastes from 100 Area 
f ac i 1 i ti es. 

Combustible trash from 
100 Area buildings and 
offices. 

Years 

1944-1975 

1943-1971 

0 n 7 9 

Estimated Volume 

61,000 1113 

130,000 m3 

TOTAL 260,000 m3 

4h 

No. of 
Cubic Yds 

80,000 

170,000 

340,000 yd3 

R~ferences 

Reference 6, 
pages 25-27, 39-
40, 51-53, 71-
72 I 73-75 I 133-
134, 137-138, 
155-157, 205-207 

Reference 6, 
pages 57-58, 
103-104, 145-
146, 169-170, 
209-210 
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5 TARGETS 

hround Water Use 

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

There are no wells which draw water for drinking or irrigation purposes 
within 3 miles of the 100 Area. Therefore, there is no use of the aquifer of 
concern within 3 miles of the 100 Area. 

Reference 8 

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 are 699-72-lOlA, B, and C that are located at the Vernita 
Bridge Rest Stop. 

Reference 8; Reference 9, page II.1-65 

Distance to above well or building: 

The wells located at the Vernita Bridge Rest Stop are just over 3 miles from 
the boundary of the 300 Area Site. 

Reference 8 

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

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

There are no wells which draw water for drinking or irrigation purposes 
within 3 miles of the 100 Area. Therefore, there is no use of the aquifer of 
concern within 3 miles of the 100 Area. 

Reference 8 

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

There are no documented irrigation wells within 3 miles of the site. 

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

The total population served by ground water within 3 miles is zero. 

5 



SURFACE WATER ROUTE 

1 OBSERVED RELEASE 

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

The observed release of contaminants to the Columbia River adjacent to the 
100 Area can be verified by comparison of upstream and downstream 
concentrations of selected constituents. Verification of observed release 
does not require evidence of release for each contaminant disposed at the 
facility, but relies on identification of at least one constituent in the 
surface water that can be attributed to the facility. Strontium-90 (Sr-90) 
was chosen to illustrate observed release from the 100 Area. The follo'd.ing 
table compares upstream concentrations of Sr-90 with concentratidns of Sr-90 
at designated surface water use points . The water intakes designated as use 
points are in the lOON and 1000 areas. 

BACKGROUND 
Sample Concentration 

Date Point (pCi/L) 

11/23/82- Prst Rap 0.34 • 0.18 
12/21/82 

DOWN GRAOIENT(a) 
Sample Concentration 

Date Point (pCi/L) 

12/18/82 lOON 
12/18/82 1000 

28 • 0.47 
1.1 • 0.05 

(a). This data represents an analysis of the composite of river water samples 
taken every 0.5 mile for the river interval indicated on the date shown. 

Reference 11; Reference 5, page 3.14; Reference 12, pages 15 and 8.3; 
Reference 10 

Rationale for attributing the contaminants to the facility: 

The nine 100 Areas (8, C, D, OR, KE, KW, F, H, and N) border the Columbia 
River in the northernmost part of the Hanford Site. Each of the nine areas 
has one production reactor. Eight of these reactors have been shut down; 
only the N Reactor, used for both plutonium and electricity production is 
still in operation. When the reactors were operational, cooling water was 
drawn from the river and treated with alum, sulfuric acid and chlorine. 
Excess sulfuric acid was used to maintain the pH of the water within a 
desired range. To control oxidation of aluminum parts in the reactor, sodium 
dichromate was used to maintain an oxidation coating on aluminum parts. The 
chlorine was added for algae control in the settling basins; at times copper 
sulfate was added for additional algae control. As the cooling water passed 
through the reactor various activation products (e.g, Co-60, Ni-63, etc.) 
were dissolved in the cooling water. When a fuel element ruptured or 
developed a pin hole in its' cladding some fission products such as Sr-90 
would dissolve in the cooling water. ~hromic acid, oxalic acid and nitr~\i•~:7l 
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acid were used for dummy fuel-element decontamination. In addition to 
vert i ca 1 safety rods for emergency reactor shutdown , the reactors were 
equipped with hoppers of nickel-plated boron steel balls, ni ckel-plated 
carbon steel balls, and stainless steel balls that would drop into the 
vertical safety rod channels for emergency shutdown. This system required no 
supplementary power source. Although it was never used, a third safety 
system, one involving the use of potassium borate solution, was in place at 
the reactors. A supplementary control system, in addition to the normal 
horizontal control rods, was incorporated into the reactors. This 
supplementary control system consisted of a Poison(a) Column Control Facility 
that could charge selected process tubes with a lead-cadmium poison to absorb 
neutrons. Boron-carbide aluminum poison splines were also used for 
supplementary control. 

These activities resulted in strontium-90 contaminated waste being disposed 
of in the 100 Area, and down gradient samples show strontium-90 concentration 
levels significantly above the strontium-90 concentrations found i~ 
background samples. 

(a) The term poison refers to a material's ability to absorb neutrons and 
thus control the rate of fission. 

Reference 4, pages 2.11-2.13 

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 
Columbia, 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 Ri"£.er 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 v 
as evidenced by seeps and springs along the river shore. \\' 

'\ ,, { ~ 
1, 6a 
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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 
mean flows typically peak from April through June and are at the lowest 
levels from September through October. 

Reference 5, page 2.1-2.3 

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? 

. Not appl i cable. .· 

6b 
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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 app li cab le. 

3 CONTAINMENT 

Containment 

• Method(s) of waste or leachate containment evaluated: 

Not applicable . 

Method with highest score: 

Not app1icable . 

7 
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4 WASTE CHARACTERISTICS 

Toxicity and Persistence 

Compound(s) evaluated 

These substances are associated with production reactor operation (See Tables 
1 and 2): 

uranium 
lead 
cadmium 
sodium dichromate 
sodium oxalate 
sulfuric acid 
sulfamic acid 
potassium borate 

Substances in the 100 Area 

mercury 
plutonium-238 
plutonium-239 
plutonium-240 
tritium 
cobalt-60 
strontium-90 
copper sulfate 

cesi um-137 
cesium-134 
·europium-152 
europium-154 
europium-155 
sodium sulfamate 
nickel-63 
sodium hydroxide 

Reference 4, pages 2.11-2.13; Reference 6 (The numerous individual pages are 
not included in the package, please consult the reference 6 document using 
the list of individual sites listed on the cover sheet of this package for 
verification of which individual sites contain which substances); Reference 
19 

Compound with highest score: 

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

Toxicity Persistence TOTAL 
Substance Score Score Score 

uranium 3 3 18 
lead 3 3 18 
mercury .3 3 18 
dichromate 3 3 18 
plutonium 3 3 18 

Reference 7, _pages 794-797; Reference 20. 

Hazardous Waste Quantity 

Total quantity of hazardous substances at the facility, excluding those with q 
a contain~ent score of O (Give a reasonable estimate even if quantity is \, \\o 
above max1mum): \ \\\ \ 

The total quantity of hazardous substa;ces associated with the aggregate 100 -1,if 
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Area Site is estimated to be 4.3 billion cubic yards. Table 1 presents the 
individual sites and associated data for the 100 Area Liquid Waste Sites that 
were used in creating the aggregate 100 Area Site. Table 2 presents the 
individual sites and associated data for the 100 Area Solid Waste Sites that 
were used in creating the aggregate 100 Area Site. 

References are listed by waste site in Table 1. 

Basis of estimating and/or computing waste quantity: 

The volume of wastes disposed of to waste sites at the 100 Area was 
calculated as the sum of the volumes received by individual waste sites. The 
basis for this estimate of liquid waste volume is given in Table 1. For 
purposes of developing the inventories, individual waste sites were 
aggregated into groups that received similar wastes. These groups ,- and ttre 
individual sites comprising each group, are identified in Table 1. Also 
included in this table are a description of the general types of waste 
received by the group of sites, the period of operation covered by the group, 
the estimated waste volume received by the· group, and the references for the 
waste volumes received by the individual sites. In some cases, an individual 
site received more than one type of waste. If so, the site was assigned to 
more than one group and its waste volume was divided into the volumes 
received by each particular site group. Similar information for 100 Area 
sites receiving solid wastes is oresented in Table 2 • . · 
In compiling the inventory,since groundwater seeps into the Columbia River, 
it is assumed that the contair.ment associated with the surface water route 
is considered not to be 0, and all the waste quantities cited were available 
for migration. 

Reference 12; Reference 19. 

5 TARGETS 

Surface Water Use 

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

The Columbia River is used as the source of drinking and process water for 
the 100 and 200 areas. The intake at 100-B Pumphouse supplies water to 
100-B/C, 100-0, 100-N, 100-K, and the 200 areas. The intake at 100-0 is used 
as a backup to toO-B intake. The 100-N intake supplies water to 100-N area 
and Washi_ngton Public Power Supply System Generation Station attached to the 
100-N reactor. The 100-K Pumphouse supplies water to 100-K area. 

The Columbia River both near and down stream of the 100 Area is used for 
recreation. 

Reference 9, pages II.1-64-II.1-65; Reference 13, page 3; Reference 17. 

Sa 



Area No. and Name 

100 Area Decontamination 
Waste Cribs (116-B-4, 
116-0-6, 116-C-2, 
116-0-lA, 116-0-lB, 
116-f-5, 116-f-10, 
116-11-3, 116-K-2) 

100 Area Contaminated 
Reactor Effluent Cri~s and 
Trenches (116-0-1, 
116-8-3, 116-C- l, 
116-0-2, 116-DR-l, 
116-DR-2, 116-0R-4, 
116-f-l, 116-f-2, 
116-f-3, 116-f-4, 
116-11-1, 116-11-4 I 

116-K-l, 116-K-2) 

9 
, 

7 

TAOLf 1. . JOO AREA LIQUID WASTE SITES 

No. of 
Waste Types Years Estimated Volume Cubic Yds 

Decontamination 1947-1970 2.3 x 106 L 3,000 
solutions consisting 
of chromic, oxalic, 
and/or sulfuric acid 
solutions neutralized 
with soda ash. 
Solutions were used to 
decontaminate dummy 
fuel elements and 
reactor hardware. 

Reactor effluent con­
taminated when fuel 
element cladding 
failed. Radiological 
contamination 
consisted chiefly of 
mixed fission 
produch. Cliemica l 
contamination 
consisted of sodium 
dtchromate added to 
reactor coolant as 
oxidant. 

1946-1971 3.0 x 1011 L 3.9 X }08 

Oh 

References 

Reference 6, 
pages 13-14, 17-
20, 45-48, 59-
60, 61-62, 113-
114 t 121-122 I 
151-152, 173-174 

Reference 6, 
pages 7-8, 11-
12, 43-44, 63-
64, 87-88, 89-
90 t 93-94 I 105-
106, 107-108, 
109-110, 111-
112, 147-148, 
153-154 I 171-
172, 173-174 



Area No. and Name 

100 Area Laboratory Waste 
Cribs and Trenches 
(116-8-5, 116-8-10, 
116-C-2, 116-0-3, 
116-0-4, 116-f-9, 
116-f-13) 

100 Arca fue 1 St.orilfJC 
1111~111 Crlhs 111111 lrnru:lws 
( I lh-11-:.>, I lh --11 - 1/\, 
I ln-11-IU, I ln -1111-.s, 
116-f-3, 116-KE-3, 
116-KW-2) 

' ( 

Waste Tyees Years 

Wastes associated with 1950-1976 
labs and shops in the 
108 Bui ldin9s, 
including 108-8 
Tritium Lab and Tube 
Examination facility, 
108-C Metal 
Examination facility 
and 100 f Biology 
Labs. Contaminants 
consisted mainly of 
tritium and low levels 
of mixed fission and 
activation products. 
Negligible chemical 
contamination except 
Biology Lab 
facilities, which 
received nitrate from 
animal wastes. 

Storage hasin r.oolino 1946-1971 
wnl.<ir c1111 li1111 I llil l.c1I 
wllh low lc•v1•I•; 111 
mlxucl tissi1111 1..-111l1H: l.s 
due to failure of fuel 
element cladding. 

Be 

0 

Estimated Volume 

3 .2 x 108 L 

2.0 X )07 I. 

No. of 
Cubic Yds 

4.2 X 105 

2,6 X )04 

References 

Reference 6, 
pages. 15-16, 23-
24, 45-48, 65-
66, 67-68; 119-
120, 127-128 

fleference 6, 
p,1i11~s IJ-1 fl, 59-
ftll, (i 1-(ii'I '11-
!J~, JO~- I I) I 

179-180, 195-196 



No. of 
Area No. and Name Waste Tynes Years Estimated Volume Cubic Yds References 

100 Area Reactor Reactor effluents 1945-1971 6. 1 x 108 L 8.0 X 105 Reference 6, 
Decontamination and during reactor pages 95-96, 
Maintenance Effluents maintenance 105-106, 115-
Cribs and Trenches activities. Much of 116, 125-126, 
(116-0R-6, 116-f-l, the waste volume was 149-150, 173-174 
116-f-6, 116-f-12, uncontaminated. 
116-11-2, 116-K-2) Radionuclides present 

were mainly low levels 
of mixed fission 
products and 
activation products. 
The main chemical 
contaminant was 
sulfuric acid, which 
was used for reactor 
decontamination. 
Sodium dichromate was 
also present in some 
of the effluents. 

100 Area Reactor Drainage from 117 1960-1969 2 .2 x 106 L 2,900 Reference 6, 
Confinement Seal Pit Building confinement pages 42-44, 49-
Drainage Cribs (116-DR-8, system seal pits. 50, 85-86, 99-
116-f-7, 117-B, 117-C, Very low levels of 100, 117-118, 
117-0, 117-H) contamination. 167-168 

I 

104 l 100 Area Sulfuric Acid Mercury-contaminated 1955-1971 3.7 X 48 Reference 6, 
Sludge Disposal Sites sludge from sulfuric pages 181-183, 
(lOOKE*l, 100KE*2, acid storage tanks . 185-187, 189-
IOOK[*l I lOOKW* 1, 191, 197-199, 
IO0KW*2) 201-203 

-----;--. -=- Bel --- ~ ~ 
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Ho. of 
Area Ho. and Name Waste T~ees Years Estimated Volume Cubic Yds References 

I 

100 Area Miscellaneous Drainage from floor 1952-1967 3. 4 x 105 L 440 Reference 6, 
floor and Sink Drain Cribs and sink drains. Very pages 21-22, 69-
( 116-8-9, 116-D-6, low levels of 70, 123-124 
116-F-11) radioactive 

contamination. No 
chemical 
contamination. 

100 Area Potassium Borate Liquid potassium 1953 4 x to3 L 5.2 Reference 6, 
Crib (116-Dfl-7) borate solution. No pages 97-98 

rad toact i ve 
contamination. 

100 Area Gas Purification Condensate from 1955-1971 1.6 x 106 L 2.1 X 103 Reference 6, 
Condensate Cribs reactor gas pages 175-176, 
(116-KE-l, 116-KW-1) -purification system. 193-194 

Contaminated with 
tritium and carbon-14 
and small amounts of 
fission products. 

100 Area Ion Exchange Wastes from 1955-1971 3 .0 X }06 l_ 3.9 X 103 Reference 6, 
Regenerant Crib (116-KE-2) regeneration of ion pages 177-178 

exchange columns. 
Contained sulfuric 
acid, caustic, and 
mixed fission products 
and activation 
products. ----~ oCl 

~~ 
~ 

8e 
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No. of 
Area No. and Name Waste Ty[!es Years fstimated Volume Cubic Yds References 

100 Area Retention Basin Reactor effluent 1944-1971 3 .0 x 1012 L 3. 9 X 109 Reference 16 
Leakage (107-8, 107-C, containing very small 
107-D, 107-DR, 107-f, amounts of fission 
107-11, 107-KE, 107-KW) products and 

activation products. 
Chemical contamination 
limited to sma 11 
amounts of sodium 
dichromate added to 
reactor coolant as 
oxidant. 

100 Area White Bluffs Waste nitric and 1943-1945 7 x 105 L 900 Reference 16 
Pickling Acid Crib hydrofluoric acid used 

to pickle galvanized 
piping. Acid may or 
may not have been 
neutralized. 

TOTAL 3.3 x 1012 L 4.3 X 109 

Bf 



Area Ho. and Name 

100 Area Metallic Waste 
Burial Grounds (118-8-1, 
118-8-4 I 118-8-5 t 
118-C-2, 118-0-1, 
118-0-3, 118-0-5, 
118-0R-l, 118-f-l, 
118-f-3, 118-f-7, 

. 118-11-1, 118-11-2 I 

118-11-3 I 118-11-4 t 

118-11-5, 118-1<) 

100 Area Construction 
Waste Burial Grounds 
( 118-B-2, 118-8-3, 
118-0-4, 118-f-l, 
118-11-3) 

100 Area Lah Waste Burial 
Grounds (118-0-6, 118-f-5, 

118-f-6) 

TAfiLE 2 . 100 AREA SOLID WASTE SITES 

Waste Ty~pe_s __ 

Meta 11 i c waste 
consisting mainly of 
discarded reactor 
hardware, including 
such items as aluminum 
tubes and spacers; 
lead and cadmium 
containing slugs, 
graphite, desiccant, 
aluminum and boron 
sp l ines; 1 ead; and 
mercury. Radioactive 
contaminants, 
primarily activation 
products. 

Construction waste, 
demolition debris. 
Sma 11 amounts of 
radioactive 
contamination. 

Low-level radioactive 
wastes from 100 Area 
laboratories, in­
cluding tritium wastes 
and animal wastes. 

Years 

1944-1975 

1953-1967 

1950-1975 

Og 

Estimated Volume 

1,000 m3 

48,000 m3 

20,000 m3 

Ho. of 
Cubic Yds 

1,300 

63,000 

26,000 

References 

Reference 6, 
pages 25-27, 33-
34, 35 - 36, 55 -
56, 71-72, 77-
79, 83 -84, 101-
102, 129-131, 
135-136, 143-
144, 155-157, 
159-160, 161 -
162, 163 - 164, 
165-166, 205-207 

Reference 6, 
pages 29-30, 31-
32, 81-82, 129-
131, 161-162 

Reference 6, 
pages 
37 - 38, 139-140 , 
141-142 



Area No. and Name 

100 Area Miscellaneous 
-Solid Waste Burial Grounds 
(118-8-1, 118-8-7, 
118-C-1, 118-0-1, 
118-0-2, 118-f-2, 
110-f-4, 118-11-1, 118-K) 

100 Area Burn Pi ts 
(100 8/C Burn Pit, 
100/0R Burn Pit, 
lOOf Burn Pit, 
IO0N Burn Pit, 
IO0K Burn Pit) 

Waste T~l!es 

Radioactivity 
contaminated trash and 
miscellaneous solid 
wastes from 100 Area 
facilities. 

Combustible trash from 
100 Area buildings and 
off ices. 

0 9 

Years Estimated Volume 

1944 - 1975 61,000 m3 

1943-1971 l]0,000 m3 

TOTAL 260,000 m3 

Oh 

No. of 
Cubic Yds 

80,000 

170,000 

3~0,000 yd3 

References 

Reference 6, 
pages 25-27, 39-
40, 51-53, 71-
72, 73-75, 1]3-
134, 137-1]8, 
155-157, 205 -207 

Reference 6, 
pages 57-58, 
103-104, 145-
146, 169-170, 
209-210 



Is there tidal influence? 

The site is located upstream of four dams, therefore, there is not tidal 
influence at the site. 

Reference 5, page 2.1 

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, if 1 mile or less: 

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

Reference 8 

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 Site (for at least part of the year), no endangered 
species are known to be residents of the site. Two threatened species, the 
bald eagle and the ferruginous hawk, are residents of the site (for at least 
part of the year). Because there are no endangered species (federal listing) 
that reside at the site, there is no critical habitat to be considered in the 
ranking of the 300 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 infonnation was taken from a list published in 
a preliminary draft of an environmental impact statement, and, since the 
referenced February 1987 list shows the Merriam's Shrew as only a proposed 
sensitive species, it is assumed that the previous list taken from the 
preliminary draft is in error. 

Reference 4; Reference 14 

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 \ol 
population served by each intake: 

9 
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The 100-B Pumphouse (at 100-B/C Area) supplies water to 100-B/C, 100-0, 
100-N, 100-K and 200 areas. The 100-0 Pumphouse (at 100 0/0R Area) is a 
backup to the 100-B Pumphouse. The water plant at 100-N supplies water to 
both 100-N and the Washington Public Power Supply System Generating Station 
which is attached to the 100-N reactor. The 100-K Pumphouse supplies water 
to the 100-K area. The worker population of the 100 Area is 760 and the 
population of the 200 Area is 2,355. 

Reference 9, pages II.1-64-II.l-65; Reference 13, page 3; Reference 15, page 
l; Reference 4; Reference 8 

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

There are no crops irrigated by the 100 Area intakes, and there are no 
documented irrigation intakes drawing from the columbia river within 3 miles 
of the 100 Area Site. 

Total population served: 

The total population served is calculated by summing all the respective 
population estimates: 

760 + 2,355 = 3115 

Name/description of nearest of the above water intakes: 

The intake at the 100-0 Area is the 181-0 Pumphouse. The intake at the 100-N 
Area is the 181-N Pumphouse. 

Reference 4; Reference 8 

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

The distance to the above intakes is zero because the intakes have documented 
observed releases. 

Reference 4; Reference 8; Reference 11; Reference 12 
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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 eff luents from operating facilities at Hanford. Therefore, the air 
route rating factors were not scored. 

Date and location of detection of contaminants: 

Not App 1 i cab l-e 

Methods used to detect the contaminants: 

Not Applicable 

Rationale for attributing the contaminants to the site: 

Not Applicable 

2 WASTE CHARACTERISTICS 

Reactivitv and Incomoatibility 

Most reactive compound: 

Not Applicable 

Most incompatible pair of compounds: 

Not Applicable 

11 



Toxicity 

Most toxic compound: 

Not Applicable 

Hazardous Waste Quantity 

Total quantity of hazardous waste: 

Not Applicable 

Basis of estimating and/or computi~g waste quantity: 

Not Applicable 

3 TARGETS 

Peculation With i n 4-Mile Radius 

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

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, if 1 mile or less: 

Not Applicable 

12 
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Distance to critical habitat of an endangered species, if 1 mile or less: 

Not Applicable 

Land Use 

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

Not Applicable 

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

Not App 11 cab 1 e 

Distance to residential area, if 2 miles or less: 

Not Applicable 

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

Not Applicable 

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

Not Applicable 

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

Not Applicable 

13 
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Strontium Determination ALL Matrices, UST-RD-PM-9-80 
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Principle 

STRONTIUM DETERMINATION 
Ai:..L MATR!CZS 

20-Sr-02-0l 
Rev. No. l, 2/86 
UST-RO-?M-9-80 

Strontium is precipitated sequentially first as the 
nitrate, and then as the carbonata. The fuming nitric acid 
separation removes most of the other interfering ions and 
concentrated nitric precipitations remove calcium. Radio­
isotopes of barium, radium, and lead are co-precipitated with 
barium chromate. rron and final traces of fission products 
are removed by a hydroxide scavenge using mixed hold back 
carrier. An additional barium and hydroxide scavenge is done 
on difficult matrices. Following a final carbonate 
precipitation, gravimetric yield and Strontium-89'plus 
Strvnti~m-90 activity is determined or just Sr-85 tracer yield 
is established. Yttrium-90 is permitted to grow.into 
equilibrium with the strontium-90, then separated from the 
strontium by successive hydroxide and oxalate precipitations . 
The yttrium oxalate is transferred to a counting dish, dried 
under a heat lamp, ignited to Yttrium Oxide, weighed for 
chemical recovery, and counted on a low bacxground 3eta 
?roportional Counter. Decay counts are made to check the 
purity of the Yttrium-90. 

Scooe: Procedures are described for the following matrices: 
milk, water, urine, feces, f i lter, soil, vegetation, 
and ion exchange resin. Food, bon~, tissue and 
grains are treated as Jegetation. 

The different sample matrices analyzed as described in 
the scope require slightly different preparations. Refer to 
the Appropiate ?reparation Procedure; 30-19-01, for Sioassay 
Samples and 30-20-0l for Environmental Matrices. 

For Strontium analysis, varying sample types require ~ven 
preliminary separations to bring them to a common point !~r 
the Strontium Determination steps summarized below. 

Ref. 1. 1 
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Milk 

20-Sr-02-02 
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-.- Strontium is separated from milk and concentrated by 
equilibration with C3tion exchange resin using_ a batch 
technique. The resin after equilibration is washed with water 
to remove milk solids. Sttontium is desorbdd from the resin 
by equilibrating with 4M NaCl solution. Strontium is 
separated from the NaCl solution by precipitating as the 
carbonate. 

Soll 
following leaching the sample is dissolved in 9M HCl and 

the majority of iron is removed using an isopropyl ether 
extraction. The HCl solution is converted back to the nitric 
form and a fuming nitric acid precipitation is performed. The 
nitric acid supernate is reserved for actinide (usually 
plutonium) chemistry. · 

Vegetation 
!n the case of vegetation (especially alfalfa) and 

produce, the S3mple restdue may contain some radioactiv i ty, 
ciepending on the sulfate content of the sample. Hence, 
following sample preparation and a fuming nitric acid 
p~ecipation, the residue is dissolved in water and any 
insoluble material is boi l ed with a concentrated solution of 
Na2C03 :o convert :h9 insolubls sulfate residue to the acid 
soluble carbon3te (metathesis). The carbonate is then 
r~fluxed with nitric acid anci combined with the soluble water 
eraction. 

Water 
For large volume sample, the sample is acidified and 

concentrateci by evaporation, neutralized with ammonium 
hydroxide, and stronti~m then is pracipitateci as the 
carbonate. Strontium is precipitated directly from small 
volume samples, one liter or less, by neutralizing with 
ammonium hydroxide to the reci end point of phenolphthd l ~~n and 
then adding about 25 mL saturated Na 2coJ. 

Urin.e and feces 
Following ashing, the sample salts are dissolved in 

nitric acid (aliquot of a fecal sample is analyzed), then made 
basic with hydroxide and carbQnate heated and precipitated as 
the carbonate. 

!on E~change Resin Samcles 
The resin is transferred to a beaker and cried and 

muffled for up to l wee~ or more. Sodium carbonate (NazCOJ) 
is added and 4 Eusion is performed. The Eusion ~cakeN is 
dissolved in _watar Qnd a small amount of hydrochloric 3Cid ~nd 
then reprecipitated as the carbonate. 

Ref. 1.2 
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Sequential Analyses 

20-Sc-02-03 
Rev. No, l, 2/86 
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All samples requicing othec analysis (usuall~ plutonium 
analysis) in addition to strontium must ficst have a fum i ng 
nitric separation is performed on the sample r9sidue instead 
of a cacbonace. 

Literature References 

Sundecman, c. N. and Townley, c. 
aacium, Calcium, and Stcontium. 

w., 7h~ Radiochemistry oE 
Subcommittee on 

Radiochemistcy, National Academy of Science - National 
Reseacch Council, Office of Technical s~rvices, Department of 
Commecca, Washington, ~.c. 

aacatta, E:. G, and Knowles, F, E., Jc., Association oE 
Official Anal.vti<:al Chem i ::;ts, 56, No. l (1973) 2.l;J-2·1S. 

Kr:ieger, · H, c... cH'ld E:, c... Whittakec, ?cescribed ?roceduces for 
Measurement oE ~adioactivity in Drinking Water, 
EPA-600/4-80-032 August l9o0. 

EML - ?rocedure Manual, HASL JOO Edited by Herb&t't L. Volchok 
and Gail de ?lanque, 26th edition, 1983. 

urine and Feces s~mple ?reparation Frocedure, 30-aA-S?. 

Sample Preparation Procedure For Environmental Matrices, 
JO-ENV-S?. 

Stevenson, ?. C. and Nervik, w. E., The Radiuchemistrv of the 
Rare Earths: Scandium, Yttrium, and Actinium. 3ubcommittec 
on Radiochemistry, National Academy of Science - National 
Rese~rch Council, Office of Technical Secvices, Depactment oE 
Commerce, Washington, o.c. 

Harley, J. P,, Editor. 
and Safety Laboratory, 
New Yock, 1976. 

Manual of Standard P~oc~duc~s. H~alth 
United States Atomic Energy Commission, 

Reagents: All chemic~ls are of •reagent gracie• and deionized 
watec is used thcoughout this pcocedura. 

Sr carrier: 59,4 mg Sc/mL, l4J.3 g Sr(N03)z ciissolv~ci anci 
diluted to l liter ~ith 2M HN03. Calioraceci to 100.0 mg ScCOJ 
per mL. 

Raf. 1.3 
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Y carrier: 
cone. HN0 3 
to 25,4 mg 

20 mg Y pee mL, 25.4 g Y203 dissolved 
and diluted to l liter ~ith D,!. HzO. 
YzOJ per me... 

in 123 mL 
Calibcated 

aa carrier: 10 mg aa+2/mL, 20 g Ba(N03) dissolved anci diluted 
to l liter with D.I. water : 

HN03: (nitcic acid). 
Fuming; 90l (or 24M HN03) 
Concentcated; 16M HN03. 
2M HN03; 125 mL of concentrated HNOJ diluted to l liter with 
O,I, water. 

HCl: (hydrochlocic acid) concentcated or 12M HCl. 
9M HCl; 730 mL of concentrated HCl diluted to l l~tec with 
D,I. water-. 
oM HCl; 500 mL of concentrated HCl diluted to l liter with 
o.I. water. 

CH3COOH: (gldcial acetic), 17.4M. 
1,5M acatic acid, 80 mL glacial acetic acid diluted to l liter 
with o.r. water. 

NH4C2HJ02: (ammonium acetate) JM. 
2Jl g of NH4C2H302 dissolv~d and ciiluteci to 1 liter with D,I. 
water-. 

Nazcro 4 : (sodium chromate) 1.5M. 
125 g NazCr-04 ciissolved anci ciilutaci to l liter with o.z. 
water. 

NH40H: (ammonium hydroxide) 14.7M or concentrated. 

Na2C03: (sodium carbonate) saturateci aqueous - 225 g NazCOJ 
diluted to l liter with D,I. water. 

NaOH: (sodium hydroxide) 12M or concentrated. 340 g of 
sodium hydroxide dissolved and diluted to 1 liter with O,I. 
water. 
6M NaOH; 270 g of sodium hydroxide diluted to l liter with 
D,I. water. 

H2Cz04.2Hz0: (oxalic acid) 131 solution, 130 g of H2C204 
dis~olved and diluted to l liter with D.I. water. 

Collodion: 10% solution, (50 mL of collodion, JOO mL of 
diethyl ether-, 150 mL of ethyl alcohol) 

~ethyl reci inaicator, O.l~: Dissolve O.l g methyl red in 100 
mL D.!, water. 

Ref. 1. 4 
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?henylphthalein indic3tor, 0.1%: lg phenylphthalein dissolved 
in 700 mL of 9~~ ethanol and JOO mL o.I. water. 

Mixed Co, Ce, Cs, Mn, Ni, fe Hold aack Carrier: 

This solution when prepared as below will contain 2 mg/mL 
Co and Ni, 1.0 mg/mL Cs, Mn, fe, and Ce. Transfer the 
following into a 250 mL beaker: 

9. 9 l g Ni(NO3)z.6HzO (~lickel nitrate), and 
7.24 g fe(NO3)3.9azO (F~rric nitrate), and 
J.60 g MnClz.4HzO (i'1.3ngane~e chlocide), and 
8.07 g CoClz. 6H:z0 (Coo.al-: chloC"ide), 3nd 
2.34 g C0:(NO3)3.6H:zO (Cerous nicrace) 
l. 27 g CsCl (Cesium chloride) 

Add fifty mL of water and 5 mL of 8 ~ nitric acid. warm 
gently until everything has dissolved, then transfer 
quantitatively to al liter volumetric flask. Bring the 
volume to 1000.0 mL mark, mix well, then pour into a storage 
oottle without rinsing the volumetric flask. 

R~aqents for milk onlv: 

Cation Exchange Resin - Dowex 50W-X8 (Na form), 50-100 mesh 
size, available from aio-Rad Laboratories. (The commercially 
3vailable H+ form is converced into the Na+ eorm by mixing 
1.51 of 4M NaCl and 200 mL of r~sin on a magnetic stirrar for 
JO minutes. The resin is filtered in a large auchner funnel 
and washed with deionized water until the wash water is 
Cl-free when tested with 10% AgNO3. :fa white AgCl 
precipitated forms, additional water washings are necessary. 
It is advantageous to prepare enough resin for several 
samples ahead of time.) 

4M NaCl: 234 g NaCl dissolved in al :iter graduated mixing 
cylindec in distill~d water, then diluted to l liter. 

10\ AgNOJ Silver Nitcate: 50 grams oE AgNO3 dissolved in 500 
mL of deionized watec. Store in dark beetle, a~ay from 
light. 

~guipment and Materials 
.. 

a e e1 i<..;: cs , 2 l it a r, l l it a r , 2 5 0 mL 
Centrifuge 
Centrifuge tubes, 100 mL plastic and/or glas~, 50 mL conical 
bot tom 
Hot plate 
Heat lam~ 
Mee.i<er burner 

Ref. 1.5 
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Magnetic stirrer and stirring bar 
Filter paper 7 cm GFA, Whatman ~42 12.s cm 
Buchner funnel, 7 cm 
Funnel, 600 
Side arm flask, 1000 mL 
125 m~ separ3tory funnel and stopper 
Wrist action shaker 
?latinum crucible, 150 m~ 
Muffle furnace soooc, 1000Oc 
Stainless steel planch~t l 1;2•, l" and cardboard holders 
Plastic jar 250 mL or plastic vial, 25 mL 
Balance, 100 g 

Calculation of Strontium Activities in Urine, Feces, and 
Environment3l Matrices 

The calculations for manual mode or computer mode 
(CALCTL for ERA samples, ?ERCTL foe BA sampl~s) are basically 
the same except that in the manual mode, results obtained 
should oe considered as tentative, as only the uncertainty 
ffom counting statistics are considered. 

~~ the program iz not available, use the following 
calculation: 

sr-89 or sr-90 decay corrected value• 

(Sr-89 or Sr-90 reference val u e) x e-K ~ 

where: 

t • difference in reference date and current date 

•K" • decay constant for sr-89 and ~r-90, expressed in the 
same time units as "t" • .693/t1;2-

1. Total strontium activity of the samcle and the 
correscondinq countino uncertainty are calculated as 
follows: 

Sr (Total) dpm per sample or pCi per unit a 

(C1, - 8) ( (dpc)Tot> x [V or W] 

Counting Uncertainty dpm or (pCi] per unit or (sample] ~ 

Ref. 1.6 
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(21 x SQR (C1/T1 + 8/Ta) x (dpc)Tot x [V or WI 

----------------------------------------------
where: 

• The square brackets indicate parameters exclusively 
used for environmental or bioassay analyses only. 

(dpc)Tot = Disintegrations per count value corresponding to 
the weight of Sr(NOJ)2 in mg from the cipc table. 
Sr-89 and Sr-90 activities are assumed to 
contribute equally to the total activity. 

a 

= Gross cpm from the first strontium count 

= Sample counting time in minu4es 

• Background C?m 

2 Sackground counting time in minutes 

• Chemical recovery of strontium expressed as a 
decimal 

[V or wJ • Volume or weight of the sample in the same un i cs as 
VA or WA (applicable for bioassay samples only) 

VA or WA• Volume or weight of the aliquot i~ the requireci 
unit 

2.22 

[ 2 ] 

• Factor for ~onversion of activity from dpm to pCi 
(only for environmental samples) 

= T~o sigma uncertainty reported for environmental 
samples only 

2. Sr-90 activity of the samcle and the corresoonding 
counting uncertainty from the Y-90 milking i~ ~alculated as 
follows: 

sr-90 dpm per sample or pCi per unit• 

- Counting Uncertainty dpm per sample or pCi per unit• 

Ref. 1. 7 
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( 2) x SOR (Cy/Ty+ a/Ts) x eK2t2 x (dpc)y2 x [V or W) 

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

where: 

Cy 

Ty 

8 

Ts 

eK2c2 

(2.22] x Ix Ys x Yy x VA or WA 

• pdrameters exclusively used for environmental or 
bioassay analysis 

a Gross Y-90 cpm 

• Time of Y-90 counting in minutes 

• Background c~m 

• Length of backgro~nd counting in minutes 

• Correction for th9 decay of Y-90 during the t i me 
( tz hours) elapsed between Y-90 mil~ing and 
counting. ttK~ is the decay constant for Y-90 • 
0.693/54.l hours. 

( dpc)y2 = Disintegrations per count of Y-90 corresponding to 
the we i ght of yttrium oxide and the counter used 

[V or W] • Volume or weight of the total sample in the same 
un i ts as VA or WA for aioassay only 

VA or WA= Volume or weight of th~ sampl~ aliquot in the un i ts 
required 

[ 2. 22] 

r 

Ys 

Yy 

• Factor, dpm or pCi (Applicable for environmental 
samples only) 

• Correction for the fractional ingrowth of Y-90 in 
the strontium sample at the time of milking (from 
the table) 

• Gravimetric recovery of strontium as strontium 
carbonate 

• Gravimetric recovery of yttrium oxioe (weight of 
final YzOJ precipitated (mg)/25.4 mg expected). 

3. Sr-89 Determination: Sr-89 activity is determined by 
subtracting Sr-90 activity and Y-90 ingrowth, which are 
estimated from Y-90 milking and determination, from the total 
strontium activity observed during the first strontium count 
with appropriate corrections for self absorption, scattering, 
and counting efficiency. 

Ref. 1.8 
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sr-89 dpm per sample or pCi per unit a 

Cdpm)s90 

( Cl - B) - -(~--,--- -
opc,sgo 

where: 

C•~pm>sgo 

(dpm)s90 
-------- • (l - e-~1t1) 
(d~c)yl 

a ~arameters exclusive for 
environmental er bioassay 
an,3lyses 

= Disintegrations pee minute of 
Sr-90 nomin~l value befor~ 
correcting for factors, such as 
2.22, Ys, volume ~nd weight 
terms as shown below: 

! • Yy 

( cipc)s 90 , Ccpc ) y 1 , ( cipclsg 9 ""Disintegration i=er i:oun-: r.Jf 
Sr-90, Y-90, and Sr-89 
res~ectively corresponciing to 
the counter used 3nd the weight 
of strontium carbonate. 

-2. 2 2 

[V or Wj 

• Factor expressing Y-90 ingrowth 
in the strontium S.:lmple during 
the time (ti in hours) el.:lpsed 
between the time "to" of the 
first Y-90 removal from the 
strontium sample and the first 
(strontium) count. "K._" is ch~ 
dec,3y constant for sr-90 a 

.693/28.8 year:s. 

• Factor, dpm per: pCi - for 
environmental samples only. 

• Volume or weight of the sample 
in the same units as VA or WA -
only for Bioassay analysLs . 
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• Cocraction fot" the ciecay of 
Sc-89 from the date of first 
strontium counting to the sample 
date. "K3~ is the decay 
constant for sr-89 • 0.693/30,3 
days. 

Counting Uncet"ta Lnty cipm pee sample Ot" pCi per unit• 

E:590 2 E:3902(1 - e-K1t1)2 
[ 2} X ~QR (C1/T1, + 6/Ta) + (d;~);;02 + --------------------(cipc)yl2 

x (dpc>sc89 x e~JtJ x [V or W] 

----------------------
(2.22] X Y~ X VA OC WA 

whece: 

_ SQR(Cy/Ty + a/Ta) x eKztz x (dpc)y2 

~s9o ~ ----------------------------------
r X Yy 

All the known uncectainties ace pcopdgat:ci using d 

computer program. 

PRE:-SE:PARAT!ON: 

:'1ilk. 
l ( M) • 

2 ( M) • 

J ( M) 

Add 100 cc of Dowex 50W-X8 resi~ (Na-focm) 
equilibcateci as desccibeci in th~ reagent section, to 
the milk sample aliquots and stic fot" J hours using a 
magnetic stit"t"et". Allow the cesin to settle fot" 5-10 
minutes. Decant as much of the milk as possible into 
a separate beakar without los i ng any resin. 

Add about 300 mL of o.:. Water to ~he resin oeakec 
and stir for about one minu~a using magnetic stirrer. 
Allow the resin to settle, ciecant and ciiscacd th~ 
supecnate. Repeat this process until visible ~ilk 
solids (cloudiness) have been removed from the resin. 

Add 400 mL of 4M NaCl to the r~sin sample and ~ti~ 
for 13 minutes. Allow the cesin to settle and filter 
through a 7-Cm GFA filter and collect the filtrate in 
a 1000 mL E:rlynmeyer flask. Transfer the NaCl 
solution from the fldsk to a cl~an 1000 mL beaker. 
Transfer the resin from the filter reservoir back to 
the resin beaker, acid 200 mL oE 4M Nae:, stir fo~ lS 

Ref. 1.10 
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min., filter- under is before vacuum and rinse the 
resin with HzO, collect the filtrate in the 1000 mL 
Erlynmeyer flask. Add the second NdCl solution and 
rinse from the flask to the 1000 mL beaker containing 
the first NaCl solution as wash solution. Discard 
the resin to waste. 

Add 2-J drops of phenolphthalein indicator to the 
NaCl solution, then add cone NH 4OH while stirring 
until the solution turns pink (end point). Add 
70-100 mL of saturated Na2C03, and heat for 10 
minutes, then cool to room temperature. Decant most 
of the supernate to waste. Centrifuge to collect the 
precipitate remaining. 

?roceeci to ~he Strontium Determination Section. 

KE:Y?O!NT: Exercise extreme caution when performing 
the fuming nitric acid step since a 
vigorous reaction is possible if any resin 
is remaining. 

Evaporate the 8M HN03 sample leachate to drvness, 
then add about S mL cone. HCl and cacefully evaporate 
to near cicyness at least two times. 

Dissolve the sample in 9M HCl, transfer to a 
separatory funnel, add about 20 mL of isopropyl ether 
and shake with frequent venting foe 1-2 minutes. 
Reject the ether (upper phase). Repeat the isopropyl 
ether extraction two moce times or until the 
yellowish tint indicating iron does not appeac i n the 
eth.ar phasa. 

Transfer 9M HCl phase back to the original beaker and 
evapocate to dryness. Convert the sample back to the 
nitric media using 2-10 mL additions of cone. nitric 
acid and cooperating to dryness aftec each ~ddition. 

Proceed to step one oE the Strontium Determination 
Section. 

Add saturateci Na2CO3 directly to the ~acer sam~le or 
to the water sample that has been concentrated oy 
eva~orating and allow the precipitate to settle 
ovecniqht. Decant most of the supernat~ to waste and 
collect the precipitate in a centrifuge tube. 
Dissolve the precipitat~ in about S mL of 2M HNOJ, 
dilute to 20 m~ with D.!. HzO and proce~d to step 4 
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of the Strontium Determination Section. 

Urine and Feces 
l(U). Dissolve sample salts by aaaing about 50 mL of D.I. 

water, warm and adci 3 to 10 mL of cone. HNO3. Add 
phenolphthalein indicator, and adjust to the red end 
point using concentrated NH 4oH. Add 25 mL of 
saturated NazCOJ, heat for 2-5 min. (metathesis), 
then cool for 10 minutes. 

2 ( U) • 

J ( u) • 

Transfer, using D.I. water to l or 2 100 mL plastic 
centrifuge tubes and allow the sample to cool for at 
least l/2 hour. Centrifuge and decant the supernate 
to waste. Add about J0-40 mL of D.r. Water. Stir, 
centrifuge, and decant the supernate to w~ste. 

Proceed to the Strontium Determination Section. 

Ion Exchanqe Resin Samcles 

l ( R) • 

2 ( R) • 

J ( R) • 

4 ( R) • 

A prepared amount (see 30-20-01) of strontium-85 and 
strontium carrier is added ~o the sample in its 
original container. Add a small amount of deionized 
water, cap the container and shake vigorously. 
Transfer the sample quantitatively to a 600 mL beaker 
(labeled with a Tech pen) with u! water followed by a 
rinse with about 3 mL of concentrated nitric acid. 
The entire sample is again mixed with a stirrer and 
dried under a heat lamp. 

The sample is ashed to a pinkish white residue at 
500-5500C in a muffle furnace (process may take up to 
a week or more) and then transferred quantitatively 
to a platinum crucible. NazCO3 is added in an amount 
equal to 4-3 times that of the sample weight and 
mixed in thoroughly. The mixture is fused at 
900-l0O0OC for approximately l-2 hours. 

The platinum crucible is placed in a 600 mL beaker 
and the fusion mixture is dissolved with 
approximately 200 mL of hot water. The platinum 
crucible is removed and rinsed with a minimum of 6M 
HCl. 

Approximately 25 mL of sat. Na2CO3 is added to the 
sample with stirring. After allowing the precipitate 
to settle the majority of the supernate is ciecan~ed 
to waste and the remaining is centrifuged. ?roceed 
with the strontium carbonate precipit~~e to the 
Strontium Determination Section. 
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STRONTIUM DETERMINATION 

2. 

J • 

SPECIAL SAFETY PRECAUTION: Fuming nitric acid is 
used in this procedure. It can be hazardous; 
especially when brought in contact with organics, 
therefore exercise extreme care. 

All waste fractions are generally saved to the end of 
the procedure; after acceptable recoveries are 
received they may be discarded. 

Dissolve the sample residue or carbonate precipitate 
in a minimum amount of HNOJ while stirring. Add 
50-70 mL of fum~no nitric acid and cool in an ice 
bath for 20-J0 minutes. Centrifuge and save the 
supernate for Sequential Analysis if requested; 
proce~ci to the plutonium procedure (20-?~-0l) with 
this fraction. 

The fuming nitric acid addition may be done in a 
b~aker :ir$t, then trdn~f~,r~d to ce~trifuge tubes, 
especially in the case of soil and vegetation. 

KEY POINT: 7he fuming nitric precipitation is an 
~xc~llant separation point for sequential 
chemistry and is u~ually included in the 
sample preparation chemistry (J0-ENV-S?). 

7o the precipit3t~, add J0-40 mL of cone. nN0 3 to 
remove excess calcium. Stir, centrifuge and decant 
to waste. Repeat one or more times depenolng on the 
calcium content of the particular matrix. 

Add 20-JO mL of warm o.r. water. Stir to dissolve 
completely. If any insoluble material is present 
separate this precipitate by centrifuging and 
decanting the supernate to a clean centrifug~ t~ba. 

For Vegetation Samoles (or anv other samcle that has 
been muffled) when insoluble residue remains after 
dry washing: (metathesis) Transfer the insoluble 
material to a beaker with 2M HN03, add excess NazC0J 
and boil for 15 minutes. Transfar back to the tube, 
centrifuge and decant supe~nate to wasce. Dissolve 
precipitate in 5-15 mL cone. HNO3, warm, stir, 
centrifuge and combine this supernate with the w~te~ 
~oluble fraction. 

KE:Y POINT: Insoluble material not undecgoin~ 
metathesis should be retained until an 
acceptable final precipitate weight 
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recovery or tracer recovery is 
established, then it can be discarded. 

4, Add 1-2 drops of phenolphthalein indic3tor 3nc adjust 
dropwise just to Basic (pink endpoint) using cone. 
NH4OH, then add 5 drops in excess. Add l or 2 drops 
of mixed (hold back) carrier, allow iron and other 
metal hydroxides to flocculate. Centrifuge and 
transfer the supernate to a clean centrifuge tube. 
Rinse the precipitate with 10 mL of c.I. water 
centrifuge and ~ombine the supernat~s. 

s .. 

6. 

Add 10 mL of freshly prepared buffer solution 
prepared by mixing equal amounts of 1,5M acetic acid 
and 3M ammonium acetate. Add 2-J droos of methyl red 
indicator and adjust the pH to about s.o, 'straw color 
of methyl red, using glacial acetic acid.or cone. 
NH4OH. Heat for S-10 min. then add l mL of barium 
carrier and l mL of l.SM NazCrO4 and continue heating 
for S-10 min. 

Centrifuge and/or filter the BaCr0 4 through a 2~ 600 
funnel (u~ing Whatmdn #42 filter 9d9er) into a clean 
centrifuge tube. Rinse the filter with D~I water. 
Fill the centrifuge tube or tubes with saturated 
Nazco3, centrifuge, and decant the supernate to 
waste. 

KEY POINT: Centrifuge only if the 3aCrO4 precip i tate 
appears to be heavy, otherwise filter. 

For vegetation, soil and filter samples. Dissolv~ 
the precipitate in a minimum of 2M HNO3 and ~e9~~~ 
steps 4, S, and 6. 

7. Add fuming HN03 dropwise to the precipitate until the 
effervescence has ceased, then add SO mL of fuming 
HN03 and cool in the ice water bath for 5-10 minutes. 
Centrifuge and decant the superndte to waste. 

i<~Y POINT: Add the fuming nitric very slowly at 
first to avoid sample loss due to the 
ef!ervescense. 

a. Wash the sample one or more times using 20-J0 mL of 
cone. HN03 depending on sample matrix. Hish calcium 
content matrices may require up to 5 nitric acid 
washes. Record the Sr-Y seoaration time on the 
counting request card. 

i<C:Y l?OINT: l. :f 3n unusually large precipitate 
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does not appear tc diminish in size 
after two cone HNO3 washes 
discontinue further washes and ~h~ck 
with your supervisor. 

2. The time of the last nitric acid wash 
should be considered the separation 
time. 

9. !f Sr-83 tracer was added, dissolve the sample 
precipitate in D.I. H2O and transfer to 25 mL volume 
in a styrene jar or 20 mL volume in a plastic 
(scintillation) vial and submit for a gamma count for 
sr-83 racovery . 

10. 

ll. 

. 
If onlv Sr (cold ) c3rrier was added, dissolve the 
precipitate in 10 mL of Hzo, acid 25-30 mu of 
saturated Na2C03, warm for 3-10 minutes, centrifuge, 
and discard the supernate. Wash the precipitate 
twice with 20-30 mL D.I. Hzo, centrifuge and discard 
the wash. Slurry the strontium carbonate precipitate 
with 1-2 mL of D.I. Hzo and transfer quantitatively 
to a tared l" or l 1/2" stainless steel planchet. 
Dry under infrared l~mp. Cool, weigh, and record on 
the request card and beta count on eith~r a Low aeta 
( plated on l l/2" planchet) or a Quad Low aackground 
Seta proportional counter (plated on l" or l l/2" 
planchet). 

Allow up to 14 days to permit Y-90 to grow into 
equilibrum with the sr-90 (th~ ingrowth time may oe 
shortened if necessary provided a growth correction 
is made). 
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STRONTIUM-90 (BY YTTRIUM-90) 

12. Using 2M HN03, carefully dissolve and rinse the 
strontium carbonate precipitate from th~ planchet 
into a 50-mL centrifuge tube. If Sr-85 yield 
determination was performed, transfer from the 
Styrene jar or plastic and to a 100-mL tube. 
Transfer one Yttrium carrier vial containing exactly 
l mL of Yttrium carrier (20.0 mg Y/mL). Rinse the 
vial with ~.I. water, stir and · let stand for 10 
minutes. 

lJ. Add 12M Na0H until a permanent clear gelatinous 
precipitate forms, then add 2 to J mL excess and 
decant supernate to a Styrene jar for possible 
re-milk. Stir, centrifuge for S minutes . · Note the 
Yttrium separation date and time on the ~nalysis 
request card. 

l 4 • Dissolve the precipitate with (l-2 mL) of cone. HN0 3 , 
dilute to approximately 25-J0 mL with water, then add 
cone. NH40H (approximately i3 mL) ~ncil a permanent 
p~ecLpitate forms. Add 2 to J mL excess NH 4 0H, stir, 
centrifuge for S minutes and decant the super~ate to 
waste. 

l S. Repeat Step #14 then wash the precipitate with 23 mL 
of water, centrifuge for S minutes and decant the 
supernace to ~aste. 

16. Dissolve the precipitate using l mL of cone. HCl, 
then add 40 mL of boiling hot 15~ oxalic acid 
solution and let stand for 5 to 10 minutes. 
Centrifuge for 5 minutes and ciecanc and discard the 
supernate. Wash the oxalate precipitate twi~~ with 
10 mL of water, centrifuge for 5 minutes and decant 
and discard the supernate. 

17. 7ransfer the precipitate wich water co a previousLy 
flamed, labeled, and tared l" or l 1/2" stainl~s3 
steel planchet (depending on che beta counter to oe 
used) with a pldstic transfer pipet ~nd dry uncidc- a 
heat lamp. :gnit9 slowly ov~r ~ Meker ourner to 
convert the oxalate to th~ oxide. Cool, weLyh dnd 
record weight on the request card, fix the sampl~ to 
the planchet with collodion (2 or J drops), and 
submit fer a beta proportional count. 
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WEl,L INIT. 
DESIGNATION CUIIIO DULL DEPTH DEPTH TO HIN-HAX DATE 
----------- COOIIOIIIATU IUY, DEPTH (FT) TO DIA. BOTTOH PERFORATED COHP. FORHER 

EHA NO. tn•ML) (rt) WATER (IN) (FT) DEPTH (FT) (H-Y) DESIGNATION COMMENTS 
-------- ------------------------------------------------------------------------------ .-------------------------------------

199 
N 190,t 

HJ l p Ul.tl 75 ,5 II.I 15 29 - H 11-U SAHPLI PUHP 
18911 w • "' ~J 

ti 195lU 
199 114 l p 411.B 7!) 6.1 111 25 - 5. l-52 117-H- l CASING REHOVED 

1875 W lll8UI 

N 195211 
199 H4 2 p o,.o 386 l Ci.I lll 15 - 51 5-52 117-H-l CONFINED AQUIFIR 

1876 W 118565 

199 
N 119637) 

11, l p 01.B 55 39 Ci.I 55 H - 55 5-H SAHPLI PUHP 
1817 W 8391161 

~ Nll9l5611 
p 41).}6 55 36 Ci.I 511 6-83 SCREEN ll-U GROUTED 
W 8386115 SAHPLB PUHP 

N 1196639 
_. ~"' 5') p U6.l6 u 36 6.1 5-83 SCREEN 32-U GROUTED 
\.!:) l W 139165 SAHl'LI PUHP 

N 196411 
199 Ht 6 p U9.58 55 u 6.1 5' 5-83 SCREEN 39-tt GROUTED 
18H W 14112'5 SAHPLI l'UHP 

w 

--
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;o 
(I) ..... 
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N 

N 
w 

WELL 
DESIGNATION 
---- - ------ COORDINATES 

EHA NO, 

N 186157 
lH N l P 

1918 W 161593 

0 

p 

Q 

N 186577 
199 N 2 P 
19U W 161316 

0 

p 

Q 

R 

N I 86365 
199 N 3 P 

1896 W 161828 

0 

p 

a 
R 

~ N 185921 
(J~ N_ !) p 
~, W 168142 

0 

p 

a 
R 

s 

CASING 
ELEV, 

(fT-HSL) 

456.U 

456,37 

456.38 

456,36 

459.83 

461.U 

461.U 

461.U 

461.U 

459.45 

459. 7 2 

459,71 

459 ,72 

459,71 

458,73 

457.~I 

457 .911 

457,911 

457 .98 

457 .911 

9 

INIT , 
DRILL DEPTH 
DEPTH (FT) TO DIA, 

CFT) WATER (IN) 

8.1 

61 51 1.51 

98 55 1,51 

H 55 1.51 

125 57 8.1 

76 57 1.51 

122 57 1.51 

U7 61 1 , 51 

125 63 

68 

122 

98 

81 

151 52 

1.51 

8.1 

1.51 

1.51 

1.51 

1.51 

8.1 

63 54 1.51 

138 

123 

us 

78 

1.51 

1.51 

1.58 

1.58 

- ·~ 
9 

DEPTH TO 
BOTTOM 

(fT) 

62 

95 

132 

71 

73 

0 ~ 6 

HIN- HU 
PERFORATED 
DEPTH (FT) 

34 - 95 

U-61 

88 - 98 

72 - H 

3 5-121 

61 - 7' 

112-122 

U5- U7 

77 - 7' 

34 - 95 

61 - 68 

112-122 

96 - 98 

78 - 81 

51 - 61 

51 - 61 

128-138 

113- 123 

U3-U5 

76 - 78 

DATE 
COHP. 
(H- Y) 

5-64 

U-64 

U-64 

U - 64 

6 - 64 

U-64 

U - 64 

U-64 

11- 64 

6-64 

11-64 

U-64 

11-64 

11- 64 

6- 64 

4-64 

11-64 

11 - 64 

11-64 

11 - 64 

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

FORKER 
DESIGNATION COHHENTS 

PLUG AT 95 

SAMPLI PUMP 

REMOVED 

REMOVED 

REMOVED 

REMOVED 

CEMENT BRIDGI 173 FT 
SAMPLE PUMP 

REMOVED 6-H 

REMOVED 6- H 

REHOVt:D 6-H 

REMOVED 6-H 

REMOVt:D 6-H 



lrTS • :m rmr:r:z, , ,r:: 

a.su. 
DU 1,llAJIO. 
--·••·••••• (OOlJllNATES 

'""' -,. 
CASlt!~ 

t:I.EV. 
(fT- HSl,) 

9 
7 ;;;7751 

ltUT. 
DRILL DEPTH 
DEPTH ( FT) TO DIA. 

(FT) WATER (IN) 

SISSIZZ 

DEPTH •ro 
BOTTON 

(FT) 

HIN- HU 
l'ERFORATED 
DEPTH (FT) 

? 7 
Ei?li?S 

DATE 
COHP. 
(H-Y) 

s re a 11 r:nr v a 

FORHER 
DESIGNATION 

7 • 

COMHENT6 
---········---------------------------------- - ---------- . ---

N ...... 
.;::. 

;o 
fl> 
-t, 

w . 
w 

• llHU 

' .. JI UA , 
w IHBI 

• IHUI 
u, >I HI , 

w IBlll 

c.u ,, ,. 

C. ~ ~ ,, u 

.. IHtH 
69'; JJ H t 

w IHHS 

N IUJH 
699 11 u 1· 

4!)11 II I 1' 151 

.. 116611 
6519 11 0 I' 

w 10511 

ii) I' 
H 116111 

G.t9 11 512 w 154111 

699 71 16 
4489 

N 178iHI 
699 78 45 I' 

W •~4625 

N 1777 51 
699 78 62 p 

4511 W 8621H 

699 19 114 

379 .117 JJ 6 -1 

381 -11 16 6 . 1 

375.11 u 24.1 

414.11 41 36 -1 

397.24 21 72 -1 

412.28 151 15 I.I 

Ul.37 u 12.1 

151 8.1 

U5.II 38 u .1 

432.11 16 61.1 

469.18 151 76 8.1 

774.U 6H 371 16 .11 

15 

36 

19 

21 

82 12 - 82 

u 

118 71 -121 

1119 71 - 121 

7ill 429 - 678 

5-41 HR-11 FILLED IN WITH SILT 

5-43 IIR-12 FILLED IN WITH SILT 

I- I REF.2 NO.71 FILLED IN 

I- I ll/25-lDl 
REF.7 

1- I TUN R27B 
32- Ol 

4-57 

DUG WELL 

PILLED IN 

CEMENT PLUG AT 12FT 
SAHPLI l'UMP 

I- I REF.2 NO .74 PILLED IN 
61611 

5-57 CEMENT PI.UG AT 121FT 
SAMPLE l'UMP 

II- I REP.2 NO . 21 FILLED IN FARM WELL 
N.RUN NO.4 

I- I REF.2 NO.111 FILLED IN 

5-57 

2-53 PSN 515 
H/25 .:. llMl 

115 SCREEN 67-117 FT 
SAMPLE l'UMP 

ARMY CAHP WELL 

-. 

• 
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WELL INIT. 
DESIGNATION CASING DRILL DEPTH 
----------- COORDINATES ELEV. DEPTH (FT) TO DU. 

EHA NO. (FT-HSL) (FT) WATER ( IN) 

I'\ {l 
') 7 

DEPTH TO 
BOTTOM 

(FT) 

HIN-HAX 
PERFORATED 
DEPTH (FT) 

DATE 
COHP. FORKER 
(H-Y) DESIGNATION COHHENTS 

------------------------··-----------------------------------------------------------------------------------------------------

Ll}9 VP 
N 17188'1 

Bl '39.79 63 t6 8.1 6l 21 - U l-53 117-B-1 SAHPLI PUHP 
1851 W 179831 

N 171752 
l99 Bl 2 p U2.59 791 28 8.1 768 6l5-U5 8-53 117-B-2 

1852 W 178818 

1856 I' Ul.38 778 1.51 758-778 l-71 

1857 0 tU.81 6U' u 1.51 t29 6l2- 6U l-71 

N 1711111 
199 Bt l p Ul.81 H 65 I.I Bl 51 - 91 2-U 118-B-1 BAHl"LI l"UHl" 

1853 W 181651 

N 169933 
l99 Bt 2 l" Ul.H H 6l 6 . 1 86 62° - H 2-U 118-1-2 PLUG AT 86 
l85t W 181672 

N 10933 
199 Bt 3 l" 461.75 91 6l 8.1 86 61 - 91 2- U 118-1-3 l"LOO AT 86 

1855 W 181636 

N 168978 
199 Bt • p 472.u 115 76 8 . 1 96 U - 112 9-61 SAHl."l.B l'UHl" 

1891 W 181367 

N 169931 
199 BS l l' 455 . 56 151 58 8.1 111 41 -lU 8-62 l'LUG AT 111 

1895 W 182111 

N 167375 
199 BB 1 l" Ut . 59 75 8.1 76 NONE 3-51 CUl-1 NOT ACCESBIBLI 

W 181t91 

N 167tlll 
199 BB 2 l" 05.59 25 8.1 26 NONE 4-51 cn1-2 CASING REMOVED 

W 181811 

N 16H55 
199 BB 3 l' 468.59 25 8.1 26 NONE 4 - 51 CUl-3 CAB ING REHOV ED 

W 181111 

N 167 511 
199 BB 4 l" tBB . 59 25 8.1 26 NONE 4-51 CUl-t CASING REMOVED 

W 18U21 

--=7 

I 
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WEI.L INIT. 
DESIGNATION CA6IHG DRILL DEPTH DEPTH TO HIN-HAX DATE ----------- CO0RDINAHI EUV. DEPTH (FTI TO DU. B0TTOH PERFORATED COHP. FORHER 

E11A NO. (rT-NSLI (FTI WATER ( IN) (FT) DEPTH (FTI (H-Y) DESIGNATION C0HHEHTS 
----------------------------------------------------------- ·------------------------------------------------------------------

199 D5 7 
H 19H21 

p 465.57 
W 1!.2141 

35 8.8 36 3-0 117-DR-4 CASING REHOVED 

H 191521 
199 05 8 p 465.57 31 8.8 32 3-0 117-DR-5 CASING REH0VED w 152UI 

N 191521 
199 D5 9 p 462.57 35 8.1 36 l-O 117-DR-6 CASING REHOVED 

W 151991 

199 D5 u 464.57 28 DRY 8.8 29 u - 27 4-57 111-DR-l 

199 D5 11 464.57 27 DRY 8.8 28 u - 27 4-57 111-DR-2 

H 192125 

~L}PP 469.67 91 85 8.1 91 35 - 98 8-61 SAHPLB PUHP ..... 
92 W 852546 C\ 

199 D7 1 4211.1111 51 u.8 51 I- I TUN R26B FILLED IN 
U-fl 

199 D7 2 4211.1111 lll 84.11 1112 II- I TUN R261 FILLED IN 
U-F2 

N 195231 
199 D8 l p UI.H 37 6.1 17 5-U HR-9 PILLED IN W 8531411 

H 1194725 
199 08 2 p U4 .61 11 DRY 8.1 u 311 - 75 6-52 1117-D-1 1861 W 853818 

H 11947211 
199 D8 3 p U9.116 81 62 6.1 81 35 - 79 6-52 1117-D-2 SAHPLB PUNP 1862 W 852285 

w . 
lTI 
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WELL INIT, 
DESIGNATION CASINO DRILL DEPTH DEPTH TO HIN-HAI DATE 
----------- COORDINATES ELEV, DEPTH (fT) TO DIA. 80TTOH Pt:RfORATEO COHP, fORHER 

EHA NO, (fT-HSL) (FT) WATER (IN) (f'f) DEPTH U'T) (H-Y) DBSIGNATJON COHHENTS 
------------------------------------------------------------------------------------------------------------------------------

199 I( 13 ,u.111 159 12 12.1 138 3-53 111-1 OIL Ill WELL 

199 I 14 '69.15 95 8,1 95 12-52 115-IW-l I 

N 177161 
199 I( 15 p 418.U 151 6.1 151 ,-n u.s.B.D.TII, 

W 169151 HO, 1 

N 176311 
199 I 16 p u, ... 51 8,1 51 2-53 115-U-l 

W 167811 

199 I( 17 U6.II 75 8.1 75 51 - 75 9-53 115-U-2 

199 I( 18 U9,II 61 21 8.1 u 11-54 117-IB-3 
N 1879 ..... 

N 178111 
199 I 19 p '22 .17 51 31 8.1 51 11 - · 51 4-55 111-u-, &CHEN 26-'6 H, 
188' W 167111 SAHl'LI PUHP 

• N 179511 
199 l 21 P '22.57 51 31 8.1 u 11 - 51 5-55 117-U-5 SMl'LII l'UHP Citi~ W 166125 

N 18IIIHII I 199 I( 21 p 421.73 51 DRY 8.1 16 11 - 51 5-55 117-U-6 
1886 W 1668118 

N 111181!1 
199 I( 22 l' 421.68 51 31 8.1 49 11 - 511 5-55 117-U-7 115 SCRBEN 21-U FT, 

1887 W 1651Hll SMl'LI PUHP 

N 11781181 I 199 I( 23 l' U5.II 811 DRY 8.1 25 65 - 81 2-56 1716-IER-l 
W 16 811111 

N 1771111 
199 I( 24 l' 467 .Ill 511 8.1 511 NONE 12-52 115-lW-2 

W 16911111 

• 
;o 
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w . 
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2.0 DESCRIPTION OF HANFORD SITE 

This section provides a summa·ry of environmental conditions at tht! 
Hanford Site and a brief discussion of the Site's purpose and history. It 

also dt!scribes specific environmental features and the tht! process history of 
each operational area (i.e., the 100, 200, 300, 400, and 600 Areas). 

2.1 ENVIRONMENTAL SUMMARY 

The semiarid Hanford Site, operated by the DOE, occupies about 1,476 

square kilometers (570 sq mi) of the southeastern part of Washington State 
north of where the Yakima River flows into the Columbia (see Figure 2.1). The 
Site lies about 320 kilometers (200 mi) east of Portland, Oregon, 270 kilome­
ters (170 mi) southeast 0f Seattle, Washington, and 200 kilometers (125 mi) 
southwest of Spokane, Wdshington. 

Environmental conditions co1T1Tion to all areas at Hanford Site are 
summarized below. Descriptions of these environmental aspects are bas=d on 
several recent reports (U.S. DOE 1984; Sommer et al. 1981; Vandon 1977; U.~. 
ERDA 1975). 

2.1.1 G~ology and Soils 

The Hanford Site lies in the Pasco Basin, a structural and topographic 
basin of eastern Washington and the Columbia River Basalt Plateau. The region 
is underlain by three gt:?ologic units. In ascending order these are: 1) the 
sequential beds of basaltic lavas and interbed sediments uf the Columbia River 
Ba5alt Group at the base; 2) the Pliocene-age Ringold Fonnation (lacustrine 
formation), consisting of well-rounded pebbles and cobbles with interstitial 
spaces filled with medium sand; and 3) the Hanford Formation, consisting of 
the Pasco (g1aciof1uvia1) gravels and associated sediments of the late 
Pleistocene age lying at the surface. 

The surface g~ology of the Site is characterized by a surface layer of 
light brown, fine, slightly silty, wind-deposited sand, sparsely covered by 
vegetation. Although tht! surface soil is fertile, it has little agricultural 
value without irrigation. Underlying the surface sands is a mixture of sand 

2.1 

Ref. 4.1 
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FIGURE 2. 1. Features of the Hanford Site. 
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and gravel extending to a depth of about 60 meters (200 ft). Basaltic rock 

starts at that depth and extends downward over 3000 meters (1.9 mi). 

Elevations range from a low of about 105 meters (345 ft) above mean sea 

level (MSL) in the southedstern part of the Hanford Site to a maximum of 

1,091 meters (3,579 ft) at the crest of Rattlesnake Mountain to the west. 

(See Section 2.3 for a discussion of geologic features peculiar to edch 
operational area.) 

2.1.2 Meteurology 

The Site lies east of the Cascade Mountains and, as d result, has a 
semiarid climate reflecting the rainshadow effect of the mountains. The 
average annual precipitation for the Site is about 160 millimeters (6.3 in.). 
T~n percent of this amount falls from July through September, and 42~ falls 
from November through January. The greatest amount of rainfall recorded in a 

12 -hour period was 47.8 millimeters (1.9 in.). 

Because of the limited rainfall, surface runoff from the Hanford Site is 

minimal. The annual precipitation mostly evaporates, resulting in small 
dmounts of water available for runoff or infiltration. 

2.1.3 Hydrology and Hydrogeology 

The Columbia River (the fifth largest river by volume in North America) 
is the dominant aquatic ecosystem on the Hanford Site. Numerous dams have 

been built on the river. The only free-flowing section in the United States 
is between Priest Rapids Dam and McNary Reservoir, along the Hanford Site. No 
significant tributaries enter the stream in this section. 

The Columbia has a long-tenn annual average flow of about 3,600 cubic 
m~ters per second (127,000 cfs). [The Yakima River, by comparison, flows an 
average of about 90 cubic meters per second (3,180 cfs).] The flow rates of 

the Columbia are influenced by water usage and upstream reservoir projects. 
The reservoirs provide active storage of more than 4.6 x 10 10 cubic meters 
(37,000,000 acre-feet) of water. 

The uppennost dquifer in the Pasco Basin is an unconfined system within 
the Hdnfurd and Ringold Fonnations. The elevation of this aquifer ranges from 
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excluded from public use by the DOE and dre used as a wildlife refuge and for 

DOE environmental research. The land north of the Columbia River is 

controlled by the Washington State Department of Game and the U.S. Fish and 

~ildlif~ Service dS controlled hunting areas and a game refuge. 

Land use within a SO-kilometer (30-mi) radius of the Site includes 

residential, suburban, corpordte city, agricultural, industrial and com­
mercial, scenic, recreational, and general use areas. The predominant use of 
1ands within the SO-kilometer (30-mi) radius is agricultural, with farms 

located along ur near all the Site boundaries. 

2.1.6 Population 

Population in the area surrounding the Hanford Site is sparse, consisting 
~rimarily of farms and farming communities to the north, east, and west of the 
:i te. The Tri-Cities (Kennewick, Pasco, and Richland), located to the south 
~nd southeast of the Hanford Site, represent the major population concentra­
tion in the drea (Sarrmer et al. 1981). 

In 1980, an estimated 341,000 people were living within an 80-kilumeter 
(50-mi) radius of the Hanford Meterological Station (HMS) (see Figure 2.4); it 
i s estimated that the number will grow to 417,000 by 1990. 

2.1.7 Air Quality 

Air qudlity in the vicinity of the Hanford Site is generally quite good. 

\1ind-eroded dust is a problem in the area, and the dust storms that occur in 
the region can produce high total - suspended pdrticulate concentrations. How­
~ver, on both an annual and a short-term basis, the region is in compliance 
with the National Ambient Air Quality Standards (NAAQS) for particulates. All 
uther pollutant levels also satisfy the federal and State of Washington 
Stdndards (U.S . DOE 1984). 

2.2 PURPOSE ANO HISTORY 

In 1943, after the Fenni experiment showed that nuclear fission could be 
controlled in a small reactor, the U.S. Army Corps of Engineers selected 
"-1nfvrd as the location to build larger versions of the Fermi reactor to 
~roduc~ Plutonium for possible use in military weapons. Construction started 
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in March 1943 on three reactor facilities and three chemical processing 

facilities. The first of the reactors went into operation about 18 months 

dfter the start of construction, and the first plutonium was available some 

4 months later . 

After Wor ld War II, five reactors similar to those built during the war 

were constructed. A total of eight graphite-moderated reactors used the 
:ulumbia River for once-through cooling (i.e., water circulated through the 
~~actors only once before being released back to the river). 

Early in the 1950s construction began on the research and development 
fJcilities known as the Hanford Laboratories. This marked the first diversi­
fication of Hanford from a purely defense-materials production facility to one 

r.cavily involved in peacetime uses of the atom. 

In 1963 the N Reactor was built. The N Reactor is different from the 
uther eight reactors in that it generates stedm as a by-product of the 
~lutonium production and does not use river water as a once-through coolant. 

Since 1966 the Washington Public Power Supply System has used the steam tv 
generate electricity. 

A presidential decision was made in early 1964 ta begin shutting down the 
older Hanford reactors. This decision resulted in the closing down of all 
eight of the older reactors by the end of 1971, leaving the N Reactor as the 
only operational production reactor. 

2.3 DESCRIPTION OF OPERATIONAL AREAS 

Environmental features specific ta each operational area are described 
below; the waste-processing history of each area is also discussed. Each area 
is identified by number (i.e., 100, 200, 300, 400, and 600) and by lett=r 
(e.g., the 100-F Area is the location of the 100-Area F Reactor). Appendix B 
provides further information on waste-disposal site locations and types of 
waste-processing facilities in Hanford's operational areas. 

2.3.1 100 Areas 

The nine 100 Areas (8, C, D, DR, KE, KW, F, H, N) border the Columbia 
River in the northernmost part of the Hanford Site. Each of the nine areas 
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hds one production reactor. Eight of these reactors have been shut down; on1y 
the N Reactor, used for both plutonium and electricity production, is still 

operating. Because some of the areas are contiguous (B/C, D/OR, KE/KW), the 

Hanford Site map shows only six 100 Areas (Figure 2.1). 

The 100 Areas are generally flat with no major surface features. The 

Hanford Fonnation lies near the surface of the 100 Areas, covered by a thin 
layer of wind-deposited silt and fine sand. The water table is found in these 
sediments at a depth of about 20 meter$ (66 ft), except in the F and H Areas 
where the depth to the water table is about 35 meters (115 ft) and 40 meters 
(131 ft), respect ively. The depth to the Ringold Formation is about 25 meters 
(82 ft); the top of the basdlt bedrock is approximately 240 meters (790 ft) 

below the surface. 

Because the water table occurs within the highly penneable Sdndy gravels 

of the Hanford Fonnation, it fluctuates as the river level rises and falls. 
The ground water generally flows from the 100 Areas and toward the river. 
When active, each of the 100 Areas included support facilities such as power­
hous~s. Except for 100-N, these powerhouses produced process steam from 

codl-fired boilers; 100-N has oil-fired boilers. Adjacent to each area 1 s 
powerhouse were large storage areas that received railroad carloads of coa l 

and disposal areas for flyash/clinker disposal. Most areas also included 
water-treatment pl ants, 'Nd ter-storage tanks, subsurfacl::! sewage-di sposa 1 

systems, raw-water intake structures, and process sewers. 

B .and C Areas. The B and C reactors are 1 oca ted adjacent to each other 
on a 2.6-square-kilometer (650-acre) site (the 100 B/C Area) and are the 

farthest upstream of the 100 Areas. The B Reactor WdS operated from 1944 to 
1968, and the C Reactor was operated from 1952 to 1969. Virtually all the 
facilities in the area are inactive, with the exception of the 8/C export 
water system, which continues to provide the raw water supply to the 200 Area 
and some 100 Areas. An electrical substation in the area taps power for the 
pumps providing the 200-Area water. Fewer than 100 people work in this area 
(Vandon 1977). 

When the reactors were operational, cooling water was drawn from the 
river and treated with alum, sulfuric acid, and chlorine. Excess sulfuric 
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acid was used to maintain the pH of the Wdter within a desired range. To 

control oxiddtion of aluminum parts in the reactor, sodium dichromate WdS used 

ta maintain an oxidation coating on aluminum parts. The chlorine WdS added 

for alga?. control in the settling basins; dt times copper. sulfate was added 

for additional algae control. Chromic acid, oxalic acid, and nitric acid were 

used for dummy fuel-element decontamination. 

In addition to vertical Sdfety rods for emergency reactor shutdown, the 
reactors were equipped with hoppers of nickel-plated boron steel balls, 

nickel-plated carbon steel balls, and stainless steel balls that would drop 

into the vertical safety rod channels for emergency shutdown. This system 
required no supplementary power source. Although it was never used, a third 

safety system, one involving the use of a potdssium borate solutiun, was in 

Pldce dt the reactors. 

A supplementdry control system, in audition to the normal horizonul 

control rods, was incorporated into the reactors. This supplementary control 

system consisted of a Poison(a) Column Control Facility that could chdrge 

selected process tubes with a ledd-cadmium poison to absorb neutrons. Boron­

carbide aluminum poison splines were also used for supplementary control. 

The coolant water system and backup control and shutdown systems at the 

uther 7 once-through-cooled reactors were similar to the those in 
100 8/C Area. 

D and DR Areds. The 100-D/DR Areas, covering about 3.9 squdre kilometers 

(970 acres), a re located 11 kilometers (7 mi) downriver of the 100-8/C Area. 
The D Reactor was operated from 1944 to 1967 dnd the DR Reactor from 1950 to 

1965. These areas are extensively used, and their utilities and serv i ces are 
still in operation. The electrical substdtiun serves as d backup supply for 

the 100-N Area. The water system is a backup system for the 100-8 water 

jYstem, which supplies Wdter to the 200 Areas. The UNC Nuclear Industries 

engineeri ng laboratory here is operated in support of the N Reactor. 
Approximately 20 people are employed in the D and DR Areas (Yandon 1977). 

14) The term poisun refers to d indterial's ability to absorb neutrons dnd 
thus cuntrol the rat~ of fission. 
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2.0. BACKGROUND INFORMATION 

2.1. DESCRIPTION OF THE HANFORD SITE 

K. R. Price, P. J. Mitchell, and M. o. Freshley 

The U.S. Cep2rtment of Energy's Hanford Site Is located in a rJral region of south­
eastern Washington and occupies an area of 1,500 km2. Th3 Site (snown In Fig­
ure 2.1) lies about 320 km northeast of Portland, Ora~m,, 27') !<m southeast of 
Seattle, Washington, and 200 km southwest of Spokane, Washington. The Columbia 
River flows through the northern edge of the Hanford Site and forms part of the 
eastern boundary. The southern boundary of the Site Includes the Rattlesnake HIiis, 
which exceed 1000 m In elevation. Both confined and unconfined aquifers are 
present beneath the Site. The main geologic units are the Columbia River Basalt 
Group, the Ringold Formation, and a series of glaclofluvlal sediments. The Hanford 
Project was established In 1943 and was orlglnally designed, built, and operated to 
produce plutonium for nuclear weapons. 

SURFACE CHARACTERISTICS OF THE 
SITE 

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

The Columbia River, which originates in the 
mountains of eastern British Columbia, Canada, 
flows through the northern edge of the Hanford 
Site and forms part of the Hanford Site's eastern 
boundary. The river drains a total area of 
approximately 70,800 l<m2 enroute to the Pacific 
Ocean. The flow of the Columbia River is 
regulated by 11 dams within the United States, 7 
upstream and 4 downstream of the Site. Priest 
Rapids Dam is the nearest impoundment up­
stream of the Site, and McNary Dam is the 
nearest dam downstream. {The Hanford reach of 
the Columbia River extends from Priest Rapids 
Dam to the head of Lake Wallula, which is 
created by McNary Dam.) This is the only stretch 
of the Columbia River within the U.S. that is not 
impounded by a dam. The width of the river 

2.1 

varies from approximately 300 m to about 1 000 
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 (cts)) has been established at Priest 
Rapids. Trpical 1aily flows range from 1,000 
ri-rJ/s {36,000 cts) to 7,000 m3ts {250,000 cts) 
wtth peak spring runott flows of up to , 2,600 
ri-rJ/s {450,000 cts) being recorded. Typical 
annual average flows at Priest Rapids Dam are 
3,100 m3ts {110,000 cts) to 3.400 ri-rJ/s 
(120,000 cts). Monthly mean flows typically peak 
from April throuqh .June and are at the lowest 
levels !rem S~pt!im'J: !· tr.1ouc;h October. 

The temperature of the Columbia River varies 
seasonally. Minimum temperatures are ob­
served during January and February while maxi­
mum temperatures typically occur during August 
and September. Monthly temperatures tor the 
river ranr,0 1r('rn ,,,..!'"''f'.' '-' irn;1telv 3"C to about 20°c 
during 1t1 .: •.• ;.,, ••• · . • J ye:1r. 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 Hanford reach. 
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The Columbia River system has been developed 
extensively for hydroelectric power, flood con­
trol, navigation, irrigation, and municipal and 
industrial water supplies. In addition, the Han­
ford reach is used for a variety of recreational 
activities including fishing, hunting, boating, 
water skiing, and swimming. The State of 
Washington has classified the stretch of the 
Columbia River from the Washington-Oregon 
border to Grand Coulee Dam (which includes the 
Hanford reach) as Class A and established water 
quality criteria and water use guidelines for this 
class designation. Because these criteria do not 
include specific limits for radionuclides, Environ­
mental Protection Agency (EPA) and State of 
Washington drinking water limits were used for 
comparison. Other surface water on the Site 
consists of West Lake (a small, natural pond) 
and a number of ditches and artificial ponds 
created for routine disposal of waste water. 

Hantord's climate is dry and mild; the area 
receives approximately 16 cm of precipitation 
annually. About 40% of the total precipitation 
occurs during November, December, and Janu­
ary; only 10% falls in July, August, and Septem­
ber. Approximately 45% of all precipitation from 
December through February is snow. The aver­
age minimum and maximum temperatures in July 
are 16°C and 32°C. For January, the average 
temperatures are 3°C and -6°C. 

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

Land near the Hanford Site is primarily used tor 
agriculture and for livestock grazing. Agricultural 
lands are found north and east ot the Columbia 
River and south· of the Yakima River. These 
areas contain orchards, vineyards, and fields of 
alfalfa, wheat, and vegetables. The Hanford Site 
north of the Columbia River is shared between a 
state wildlife management area and a federal 
wildlife refuge. The northeast slope of the Rattle­
snake Hills along the southwestern boundary of 
the Site is designated as the Arid Lands Ecology 
Reserve (ALE) and is used for ecological 
research by DOE. 

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 
population of approximately 90,000. Approxi­
mately 340,000 people live within an 80-km 
radius of the Hanford Site. This number includes 
people living in the Tri-Cities, the Yakima area, 
several small communities, and the surrounding 
agricultural area. More detail on Site charac­
teristics and activities is available in ·n,e Final 
Environmental Statement. Waste Management 
Operations, Hanford Reservation· (ERDA 1975). 

SUBSURFACE CHARACTERISTICS OF 
THE SITE 

The DOE operations on the Site have resulted in 
the production 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 
25 billion liters of liquid effluent in the 200 Areas 
and 2.6 billion liters of liquid ettluent in the 
1 OON Area were disposed to the ground during 
1986, including process cooling water and water 
containing low-level radioactive wastes. The dis­
charge of waste water to the ground at the 
Hanford Site began in tne 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 tor 
the disposal of uncontaminated cooling water 
(Graham et at. 1981). Sanitary wastes are 
discharged to the ground via tile fields. The 
majority of liquid disposal occurred in the Separa­
tions Area, which includes the 200-East {200E) 
and 200-West (200W) Areas (Figure 2.1 ). 
Smaller amounts of waste water were disposed 
in the 100 and 300 Areas. Discharges of waste 
water to the ground in the 400 Area were 
minimal. 
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the Ringold fonnation has been removed. 
These sediments were deposited by the an­
cestral Columbia River when it was swollen by gla­
cial meltwater. The glaciofluvial sediments con­
sist primarily of gravels and sands, with some 
silts (Newcomb, Strand and Frank 1972). 

Hydrology 

Both confined and unconfined aquifers are 
present beneath the Hanford Site. The confined 
aquifers, in which the ground water is under pres­
sure greater than that of the atmosphere, are 
found primarily within the Columbia River basalts. 
In general, the unconfined or water-table aquifer 
is located in the Ringold Formation and glacio­
fluvial sediments, as well as some more recent 
alluvial sediments in areas adjacent to the Colum­
bia River (Gephart et al. 1979). This relatively 
shallow aquifer has been affected by waste­
water disposal at Hanford more than the 
confined aquifers (Graham et al. 1981). There­
fore, the unconfined aquifer is the most 
thoroughly monitored aquifer beneath the Site. 

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

R.echarge to the unconfined aquifer originates 
from several sources (Graham et al. 1981). Natu­
ral recharge occurs from precipitation at higher 
elevations and runoff from ephemeral streams to 
the west. such as Cold Creek and Dry Creek. 
The Yakima River recharges the unconfined 
aquifer as it flows along the southwest boundary 
of the Hanford Site. The Columbia River re­
charges the unconfined aquifer during high 
stages when river water is transferred to the 
aquifer along the river bank. The unconfined 
aquifer receives little, if any, recharge from pre-
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cipitation directly on the Hanford Site because of 
a high rate of evapotranspiration under native 
soil and vegetation conditions. However. pre­
sent studies. such as those described by Heller, 
Gee, and Meyers (1985), suggest that precipita­
tion may contribute more recharge to the ground 
water than was originally thought. 

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

The operational discharge of water has created 
ground-water mounds near each of the major 
waste-water disposal facilities in the Separations 
Area and in the 100 and 300 Areas (Figure 2.3). 
These mounds have altered the 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 unconfined aquifer have changed 
continuously during Site operations because of 
variations in the volume of waste water 
discharged. Consequently, the movement of 
ground water and its associated constituents has 
also changed with time. 

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

Uquld Effluent Movement 

If significant quantities of liquid effluents are 
discharged to the ground at the Hanford Site 
waste disposal facilities. then these effluents 
would percolate downward through the 
unsaturated zone to the water table . . As 

Ref. 5.4 
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REFERENCE 6 

Draft Phase I Installation Assessment of Inactive 

Waste-01soosal S1te at Hanford, Volume 2, July 1986 

NOTE: This site contains numerous sheets 
from the document; reference 1s made 
to the document instead of attaching 
all of the individual sheets. 
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Uncontrolled Hazardous Waste Site Ranking Systemi A Users Manual, 

40 CFR 300, Appendix A 



ti
 

--
-·

 
'I

 

-
--

. 
---

. 
---

---
· I IS

<
 

·t
 

1.
ir

 
,1

 

----
1. 

---·
 -!

I 
I 

....
. 

-
f 

• c ! 
--

-· 
ff 

-·-
· .. 

... 
~
 

i
:
 

ft ~
~
 ~. i~
 

r~
 

.. 
• 

~E
 

• • 
~ 

! 
:i

. 
. .. 

w
 

~! 
j • 

=
>

 
.,, 

l~
 '?

 • 



Pali ,oo, App. A 

TAIi ... ft-P&RIIITlHCl (BIOO&ORAUAIIUJY) 
Of i.o...a OftG.<1;11; CoMl'OUNDi. ~nllooed 

---.. .......... ·---.1 .. .,.,....__ 
ND_..,. .. _, ---. ...,.._ 
u---. 

-----I.I.I·~~ --~· --·--• __ ,__'--
-......­___ _.,. _ 
--.......... -..... .............. ...,._ .......,.,_ ---I.A-OU4=-....,._ • .,.,_.,QIIJ...,... ..... •. , ...... ,.Mfl'..,.,. ._._.,._ 
_,,._ .. ·­--....... ....._.. .._ -..................... 
__.....,... -------........ ,._ --........ .. .,..._. ............ --

-_ .,. -- .. ..,_ ---. _.,. ....... ......... -...... ......... _..,.po:. .... .. __ .,.,.,.,.,._ 
._ . ..,....., ... ----OC1)1.,_ --...-.. ___ 
,, __ _ 
•·­-­............. 
") ...... 

-... -.. ................... ............ ~~ •-w_... ----,._,.. ,._ 
............. ......_ -

~~~~:.:'%, t ~ .... ,.. -
Jw-lcflr of cM:h hu.&1dou. 1ubolancc 

l>cln1 cvaJu11c4 II 1l•cn a waluc 1&1ln1 lhc 
r-.1in. ochcmc of au n ·aLlc II or lh• Na• 
lk>naJ flre l'Jolccllon Auoctallon CN)'J'.tl 
C"Jablc 11 u.d lhc followll>, 1uldancc: 

.... _, .. t#,,._,_ • 

.._ _,., tc•• - •-------1 I a.,-•• WPA ._. ; _______ I 

.... - ..... , ....... ,.,. _____ , a 

'10R 

40 Cfl Ch. I (7•1·16 ldlllon) 

T AIIU t - SA• l D•ICIT'f R• TINlll 

lt. ~-- It ~ 11 ._'-W• -.f""' ... n1it ... 8" ... ~ ... -1a,u....-.. 11~u.....- ............ .,,,~ ·--... ~ ....-cA ,.~ leC _,._,_ en......,_. 
o<'v ...... ,,.__.~- ... - . ---•• ..,.... ....... ,.iL-1·· 

lal ...... ....., ......... _._ .... ...,,._" ...... 
~~. -....-.~_.,....,... .. ecl,a_ •• ....,..,~,._... .. .,...~ .. --. ............ ·-_,. ~ ,., ....... ..,.,.,.... a,h,(:::h""' ... ~ ~.-0 .. 

"""' .. -- --- .. .. "'111" ........ -........ - ..... ~- ... .,.. .,_,. .. ..,.. ·-~- '-ang ~--. ,.. ....... -- --.. .. ~ .._ ....... ___ ..... _ 
~-h•~8'~ 

"· ~ t>t:,.J ............. -4«h "" '°"~ .......... ·~- ·~ ...... ,..104. .. ..,... ~ -• ,..,.~_.,~ .. .,..,.......,,.,......,..~ .... 
...... 81 ~ ~.,.. The .-...-. e, •~• ..., 
........ t,iN,I 

... Pw-onc- _.,.-.~ ... '-'-"' _.-'- WA .. ~ rile ... ....., .. .......,. __ "-"""· -.._ ... -.... --~~----- ... ~ .... ..-p. """"'•· "' ,...,, n. ...,. .. _, h 
~ ............. ....... .._..__...,. ____ -.. __ 
-...---i. ... ..._.lKd, ... _.,. 
___ ...., ____ -,.. ... _ 
,_'°" .......... ..,. ..... ~~ .... . - ,_ ........... ,.,k:tly.~·· 

......... ...., ... __ ... ....,.._ ...... 
...ciona. . ....... _ .. tro.,w~«..o4., ... .-..n.""'• .. .... ~._,...,_.,n.....-.c,..., .. , ... ..... "'~-~ . ._ ........ ~ .. 
llhlilidM•ll...,,O.,U,•b •-.._ ,If~ 

... ""'-- ,,........,.. ........ _.«A~ k ~No._ 

""°' "' -- --- - • ....,,,. ... - -~"10d.l ... .a.c11~-a~~----· ............... ..__ ............. __,,.__ ... ....,.. __ 

fnvlron,aanlul P1el1dlon Agan,y 

TAlll( I-SAX TDXICIJY RA11N05-Conllnuad 

• ~ ~ ... , •• ..,~..::.·_:1:..-.c..c:...·-· ___ _ 

11• a-lJ,l/l[ """--' .,..,....-. ~ .. ~ll.A4 " •-PH..,. 
••f'OaJ" •....,J,,'I 0,,-, ,.. ......... . ..,,...., ., 

,. ••• "~ ~ ... tw• - ... ~ .. ~ --

~~~ .,__,.,.,__- ... Mf\M .t.dt....,. k ~ .... 
"' ... &i,oOf ... ~"°"· ~WW'\. .. --~ ......... .,... 

.... -.h pli!M» •'°"'-'••• 1•taa ~ ~ .. • ..,..,.o ·~" .... .,...,, .... ~ .. ..rt-,=~~= da..,.._. M ~ ......... ID•~'" 
IN p~ _,__....,.. M ..... •• .......,.,ue d._"84'• ... 
... · tVNA'1oO, JI..,. ai,.~-•fd-9u'h ......... 
•• kl ·•-'-' 1111• OIi le .. ~ .,_-IQlr,,A .. ~ ~ ­_ _. 

• 

.... _..1o.....,•"'8'>1·· 

... ,.,.._. ..... c-~ ........ ~ __.,..., ........... .......,....,..... ....... .......,, 
~....,...,_ ... w ... , ...... .,..,_., .... ..- .......... ...., ... 
....,-...._IID...., ... ~ .... hnQ~•~ 

.......... ,-,.,00,.4 to~ ............. ... 
va .. _. • ..,.__,. ... ~t,. .. ~~• ... 

u.1---. • ._...,._ ,-,.~ .. ~ M .... 
,,,., &i. _..,_, ..- _....,.,_. c..ie ,.,. f'VI~ 
~W'8 ~ ... ~ ......... lrff'i'a'• 
M . M"-'-' ~••· ~ eind kttde .,_,.., ~ . 
.,...,. ......... oAdN.,.,,..... Ma~~ 
tt-0-AJN•~ 

Al _ _._.•ofhU-,.•.,._.-...,~ ..... • 
.... e,t• . waflU. Ol~"°"""klaWo,1~n,.h&one 
e4 lw• aiyt,..,_. no,AW U .. ~~• ,tQetMlQ ~ .. Q.t...,...., b , .... W'Ce IO .... llill ..... ~ I· 

,.•It N..-.ng • t......- • taflln9 IN nom-..1 U P~ 
.... ~ • .,~IO• .. ••••i"••~ 
.,,.Nl4P~~lep~•~..,_ 
cic.•ed -lh ._.,. ~..._'- Orlt ~ ~ 
""""'II "'"IJ"'d .. P-' ~ It• ,.,­
~ .. -~~.a.. 

r.11 300, App. A 

,,..._.,.. P•• l'tOl.ctroA ~llliililll 11#.-,,,../ Fn Ql,..w. 
Vol II. Na •t. lfll. 

Table • prcarnla nluca for aomc common 
$Om po undo. . 

11uanlo1., •oa•k ew••lllw ln,ludro all 
ho.urdou. auLalancu al a fa<IIII r lu rc­
••·lndl ,.«pl lhal wllh a conhlnmrnl 
walur of o. Do nol lndudc o.mounla of con­
lamtnalcd 1011 or waur; In ouch UM•. lht 
amounl of ,onlo.mlnalln1 ha.urdoua oub­
alan" mar be ,.,1m1ud. 

On CK-CMlon. II m•r be n«:<uur lo con­
vcr1 d11a 10 a ,ommon unit lo combine 
them. In 1uch ca•••· l Ion- I cubic rud- t 
drunu 11,11d for lht purpo.u of convrrtln1 
bulk 1tora1c. I drum- ,o 1aJlona. AMiin a 
value u lollow1: 

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

• .... 
II.al 
61-111 

,a.no 
n1..a1, - -•.zoo 

• •• ... ,w 
IU •IIOO 
IIOl-l .000 

t.llOI -IIIOO 
1.11.01--1.000 
, .001 - ,0.000 

• • • • • • • •.n1 -UOO 
>1.100 >IUOO ' • 

I .I Tar-pct.. Orownd w>0ltr UH lndlcalc1 
&he nature of the UIC made of around waler 
drawn from the aquifer of ,onccrn wllhln I 
111ll11 of lhc hu.&1dou. auLalancc. lndudln1 
&ht 1•01uphlcal ulcnl of lht mcuunblc 
'°nccnlnllon In &he aquifer. A.utrn a valuo 
111ln1 &ht followln1 ,utdancc: 

• 

I 

l>ula11cc tu ••and -u a11d J>Op..,allo11 
1trwd ha .. bacn coinblncd In lh• m11r1• 
below Ill belier rcO<d lhc lmP<>fl•nl rel&· 
Uonahlp bclwun lhc dulancc ol • popula· 
lion from ho.urdouc eubolancu and the alu 
ef &he porulallon untcd 1>1 1round waler 
lhal ml1h1 be conl&111lna1cd br lhoac eulr 
1lancea. To dclcnnlnc lhc overall nlu< fo~ 
U,11 co>mblncd fa<lor. r,corc cM:h Individual 

'JO'J 



C" 

REFERENCE 8 

U.S.G.S. Maps of the area around the 100 Area: 

Coyote Rapids, Wash 15 M1nute Map 
Smyrna, Wash 15 Minute Map 
Corfu, Wash 15 M1nute Map 
Priest Rapids, Wash 15 Minute Map 
Hanford, Wash 15 Minute Map 
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TABLE II. 1-Sa (Continued) 

CHARACTERIZATION OF 300 NORTH AND wYE BURIAL GROUNDS 

• Field survey of waste disposal sites begun late FY-1975 

• Drilling of current series of sampling wells completed late FY-1976 

• Estimate of any migration of radionuclides based on available data completed early 
FY-1977 

• Final report and disposal site maps completed and issued late FY-1977 

PLUTONIUM RECOVERY 

• uetailed schedules will be developed based on the results of the 216-Z-9 Crib 
plutonium recovery program. 

FISSION PRODUCT RECOVERY 

• No schedule for recovery has been established. 

II. 1.1.3 Plant Water Usage 

Sanitary and process water for the Hanford Reservation operations are supplied from a number of 
different locations (Table II.1-6). The 100-B pumphouse, with the 100-0 as backup, supplies 
water to 100-B-C, 100-0, 100-H, 100-F, and 200 Areas. (All of these areas are shown on Fig­
ure II.1-1 .) A water plant at 100-N Area supplies sanitary and process water to both 100-N 
and the WPPSS generating station located adjacent to 100-N. The 300 Area pumphouse supplies all 
water needs for the 300 Area. The City of Richland water supply system is intertied to the 
300 Area system as an emergency b~ckup. Various wells in the 600 Areas on the site supply both 
sanitary and process water. · 

An average of 440 cfs (0.4: of annual average flow) of Columbia River water is continuously 
withdrawn, mainly for cooling purposes. Most of this water is discharged directly back to the 
river as nonradioactive disposal. In addition, approximately 34.7 cfs (less than 0.03: of the 
total .annual average flow) of Columbia River water is withdrawn and discharged to the ground as 
sanitary and industrial wastes. Wells supply approximately 73,000 gal/day for sanitary and 
minor irrigation use which is almost entirely discharged to the ground. 

II. 1. 1.4 Waste Inventories [X. 18] 

Multiple disposal sites for radioact~ve waste have been used at Hanford during its 30-yr 
•history. The choice of disposal site is based on many factors including half-life and toxic i ty 
of the elements involved, quantity of material to be discarded, proximity to water table and/or 
the Columbia River, and optimum personnel radiation exposure and contamination control. The 
use of many of these sites has been tenninated. 

The waste inventory data reported subsequently and in greater detail in Appendix II. 1-C for 
cribs, burial grounds, ponds, ditches, specific retention sites, and unplanned releases are srJb­
ject to variations in sample collection and analysis. 

High-level waste streams are analyzed for plutoni1J11, urani!JII and neptunitin. Fission product 
content is calculated from irradiation history. The total contents of all waste tanks are known 
with fair precision, although the contents of individual tanks and, to some extent, of individ­
ual tank farms are less certain because ~f transfers among tanks and fanns. 

Discharges to cribs, specific retention sites, ponds and ditches are based on line samples. 
Since the concentration of radionuclides fn these streams is often low, accuracy is low and con­
siderable uncertainty is involved. In some cases~ particularly for discharges to ponds and 
ditches, the radioactivity is below limit of detection and the results are therefore reported 
as "less-than" figures. 

Unplanned releases of liquids to grounds are based on estimates of volumes involved and of con­
centrations -of the radionuclides in the stream. Gaseous releases are based on stack samples. 

II.1-64 
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Plant or Facility 

100-B 

100-D 

100-K 
100-N 

100-F 
200 Areas 

JOO Area 

FFTF 

Atm. Physics 
609 Fire Sta. 
(100 Area 
Centra 1) 
609 A Fi re Sta . 
(200 Area 
Centra 1) 
6652C (Aeronomy) 
66521 (Ale Hq) 

Emergency 
Relocation Ctr. 
DY Telephone 
Exchange 
Hanford Road 
Maintenance 
Vernita Parlt 

TABLE I I. 1-6 

PLANT WATER USE 

So~rce of Supply 
Columbia River 
100-8 Pwnphouse 
Colllllbia River 
100-D Pumphouse 
From 100-K Pumphouse 
Columbia River-100-N 
Pumphouse 
Fl"OIII lCO-B Pumphouse 
100-B PIMllt)house 
Well 299-£26-6 
Wells 299-£28-11 and 
15 
Collmlbia River 
JOO Area Pumphouse 
Wells 699-S0-7 

699-S0-8 
699-Sl-78 

100-8 ?umphouse 
100-B Pumphouse 

100-B Area 

Rattlesnake Springs 
Well 699-26-89 
We 11 699-S18-51 

Well 699-50-ZSA 

Well 699-Han-9 

Wells 699-72-lOlA, 
Band C 

Primary Use 

Process water 

Process water 

Process water 
Process, sanitary and 
cooling water 
Process water 
Process and cooling water 
Emergency coo 1 i ng water 
supply 
Emergency process supply 
Process and sanitary 
331 Fish Ponds 
Construction and Sanitary 

Sanitary 
Sanitary 

Sanitary 

Sanitary 
Sanitary and Irr igation 

Sanitary 

Sanitary 

Industrial and Sanitary 

Sanitary and Irrigation 

Reported quantities of radioactivity in burial grounds or storage tunnels are estimates based on 
operating history and radiation levels of the equipment or waste buried. Generally, these data 
are of greater uncertainty than liquid and gaseous streams since there is no practical method by 
which a representative sample, particularly of large equipment pieces, can be obtained. 

Overall, however, the accuracy of the inventory total is believed to be- within a factor of t'#O, 
probably within 501 or better. The reported inventories in this final environmental impact 
statement have been adjusted to a single significant figure to reflect the uncertainties in the 
data. · 

II. 1.1.4. 1 Contained Solids and Liquids 

II.1.1.4.1.l Disposal Sites 

The approximate inventories of solid waste disposal in the 100 Areas through 1972 sumnarized 
below are shown in Appendix II.l-8, Part J. These inventories are corrected for decay through 
the end of 1972. 

II.1-65 
Ref. 9.2 
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Mt: TiiOO 60 l 0 

IHOUCT!VELY COUPLED PLASMA METl-100 

l.O Scooe and Aoolication 

l.l Metnod 6010 ts approved for determining tne concentration of trace 
elements in mobility procedure extracts (exclusive of arsenic and selenium), 
wastes, and soils. 

l.Z This nwtnod may be used for the determination of total tleff'ltnts in 
groundwater if the detection limit ts less than primary interim drinking 
water standards or less than background levels. 

1.3 All samples !TliSt be subjected to an appropriate dissolution steQ 
prior to analysis. (~efer to Section 2.1.) 

l.4 Precaution must oe. taken to ensur-e that all spectral, chemical and 
physical interferences are detected and the appropriate corrective rrwasures 
taken. 

l.S Use of this method is restrict!<! ta experienc:ad spectroscopists. 

l.6 Elements for whicn Method 6010 is an approved proc~ure are: 

Aluminum 
Antimony 
Bari wn 
Beryllium 
Soron 
Cadr.tium 
Ca lei um 

aa Chromium 

2.0 SulT!itary of Method 

Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Molybdenum 
Nickel 

Potassium 
Silica 
Silver 
Sodium 
Thallium 
Vanadi wn 
Zinc 

2.l Prior to analysis by Method 6010, sa119les ITliSt be pr,pared for 
s~l• 1ntroduct1on. The 1T11tnod of sa~le preparation will vary accor~ing :o 
the s~le matrix. Aqueous sa1T9les are subjected to the acid digHtion 
procedur• described in this method. Sludge-type Satl1lles are pr~ared using 
tne procedur-e described .in Method 3050. For s~les containing . oils, greaHs 
or waxes, tne procedu~s described in Methods 3030 and 3040 may be applicable. 

2.Z Method 6010 describes a techn1que for the si!T'Ultanea,s or sequentia l 
IT'Ult1elernent determination of trace elements in solution. The basis of the 
method is the measurement of atomic emission by an oQtical spectroscopic 
technique. Saff'4)1es are nebulized and the aerosol that 1s produced 1s trans• 
ported to the plasma torcn ~here excitation occun. Charac~eristic atomic-line 
emission spectra are produced by a radio-frequency inductively coupled plasma 

Ref. 10. 1 



2 / MULT!ELU1£NT INORGANIC ANALYTICAL TECHNIQUES 

{ICP). The spectra are dispersed by a grating spectrorn!ter and the 1ntens i ties 
of tl'le lines are 1110nitored by photcff1Jltipl1er tubes • . The photocurrents from 
the photOmJlt1plier tubes are processed and controlled by a cQff'9uter syster.,. 
A b•aground correction tec.l'lnique is requir~ ta c0~1nsate for variable 
bacxground contribution to tne determination of trace tlenants. 8acxground 
~st be measured adjacent to analyu lines on sa~ies during analy~is. The 
position selected for the bacxground intensity measurement, on either or both 
sid1s of the analytical line, will be deteriTlined by the co~lexity of the 
spectrum adjace~ to the analyte line. The position used ~st be free of 
spectral iAterfe~nce and reflect the same change in bacxground intensity as 
occurs at the analyte wavelength rn!asured. Background correction is not 
required in cases of line broadening where a background correction rn!asurernent 
would actually degrade the analytical result. The possibility of additional 
interferences named in 3.l (and tests for their presenca as described in 3.2) 
sl'lould also be ~cognized and appropriate corrections made. 

3.0 Interferences 

J.l Several tyQes of interference effects may contribute to inaccuracies 
1n the determination of trace elern!nts. They can be sumarized as follO',,fs: 

3.1.l Soectral interferences can be categorize<1 as (l) overlap of 
a spectral line from another element; (2) unresolved overlap of inolecular 
band spectra; (3) t:lacxground contribution from continuous or recor:tbina­
tion !Jhenomena; and (4) baaground contribt.:tion from stray light froo 
tne line emission of high concentration elements. The first of these 
~ffects can be coir;,ensated by utilizing a co~uter correction of the 
raw data, requiring tne !Tllnitoring and measurement of the interfering 
element. The sKond effect may require selection of an alternate 
wavelength. The third and fourtn effects can usually be cOm;)ensated 
by a background correction adjaant to tl'le analyte line. In addition, 
users of si~ltaneous ~ltielement instrumentation in.st assume the 
responsibility of verifying the absence of spectral interference for 
an elern!nt that could occur in a sair;,le but for which there is no 
channel in the instrument array. Listed in Table 2 are sane inter­
ference effects for the reconmended wavelengths given in Table l. The 
data in Table Z are 1ntanded for use only as a MJdimentary guide for 
indicating potential spectral interferences. For this purpose, linear 
relations between concentration and intensity for the analytes and the 
1nterferents can be assumed. 

J.l.l.l The interference information, which was collected at 
. the Ames ~aboratory,l is expressed as analyte concentration 
equivalents (1.e., false analyta concentrations) arising from 100 
mg/liter of the interference element. The suggested use of this 

l.Affies Laboratory, U.S. DOE, Io-a State University. Ames, Iowa 50011. 
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Ele!Tllnt 

Alunrtnu111 
Ar1en1 c 
Ant i rnony . 
8arium 
Se~ 11 i Uftl 

Soron 
~dnrium 
~lc:ium 

~Chromium 
Cobalt 

C0pp1r 
Iron 
Lead 
Magnesium 
1".anganes e 

Molybdenum 
Ni c:kel 
Potassium 
Selenium 
Silic:a {SiO,) 

Silver 
Sodiuc 
Thall iuo 
Van a di um 
line 

TABLE l. REC0""'4ENOEO WAVELENGTHS ANO 
E,STI}ie.AT[O INSTRUMENTAL OETECT!ON LIMITS 
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Estimated dttec:t1on 
Wavelength1 {nm) 1 im1tb {µg/1) ,_,. · 

308.215 45 
193.696 · 53c 
206.833 · n 
455.403 2 
313.042 0.3 

249.773 s 
225.502 4 
317.933 10 
257. 716 7 
228.616 7 

324.75• s 
259.940 7 
220.353 42 
279.079 30 
2S7 .610 2 

202.030 a 
231.604 15 
766.491 se.d 
196.0215 75c 
Z88.l58 s.a 
32!.068· 7 
588.995 · 29 
190.864 40 
Z92.402 a 
213.856 2 

•The wavelengths list~ ara ~Offlllanded oecaus• of their sensitivity 
and overall acceptanca. Other wavelengths m1y be substituted if they c:an 
provide the needed sensitivity and are t"ated with the same c:orre<:t i ve 
te<:hniqu1s for spectral interference (SH J.l.l}. In t ime, other elements 
may be .added as 1110ra information b1c0m1s ava1lable and as re<1uit"9d. 

· t:tthe est i IDlt!d . i nstrument·a 1 dttKt 1 on 1i mits as shown a,.. talt en from 
•Inductively Coupled PlasN-~tomic Emission Spect~copy-?rOffl'inent Lines,• 
EPA-600/4-79-017. They are giv•n as a guide for an instn11nental limit. 
The actual method detection limits are saff'4)le-de~endent and may vary as 
the s~q,le matrix varies. 

c~ethod may not be applicable for groundwater analysis for these 
metals. 

dH1ghly dependent on operating cand1ttans and plasma ?ositjon. 
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Analyte 

Aluminum 
Anllanony 
Arsenic 

8uiu111 
Dery I I ium 
Boron 

Cadmiu11 
Ca le lum 

..--.cnro111iu11 

Cobalt 
Copper 
Iron 

lud 
Hagneslum 
H,rnganese 

Holybdenu11 
Hidet 
Selenlu,n 

• SIi Icon 
Sodlu11 
Iha 11 lum 

Vanadium 
Zinc 

:::0 
(I) 

-it 

...... 
0 . 
.p. 

Uavelength (n•) 

308.215 
206.0ll 
191.696 
455.401 
lll.042 
249.113 

226.502 
311. 9ll 
261.116 

228.616 
324.154 
259.940 

220.351 
219.019 
251.610 
202.030 
211.604 
196.026 

288.158 
508.9% 
190.064 
292.402 
2ll.056 

9 7 

'· .. 

TABLE 2. ANALVTE C0NC[NTAATI0H EQUIVALENTS 
ARISING fAOH INICAURUHS ·AT HIE 100 HG/L UV[l 

lnterf erent (1119/I) 

Al c. Cr Cu fe Hg Hn 

0.21 
0.41 2.9 0.08 
l.J 0.44 

0.04 0.12 

0:01 
0.08 0.01 0.01 0.04 

O.OOl 0.04 

O.Ol 0.005 
O.OOl 

o. 12 

0.11 
0.02 0.11 O.il 0.25 

0.005 0.01 0.002 0.002 

0.05 O.Ol 

0.21 0.09 
0.01 

0.10 
0.05 0.005 

0.14 

-· - ---

HI Tl V 

1.4 
0.25 0.45 

1.1 

0.04 0.05 

0.02 
O.Ol O.Ol 

0.04 

O.Ol 0.15 
0.05 0.02 

0.01 0. 12 

0.01 
0.08 

0.02 
0.29 
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information is as follows: Assume that arsenie (at 193.596 nm) is 
to be detel"'fflined in a sa~le containing approlimately 10 mg/liter 
of •llJfflinum. Aceording to Tablt 2, 100 mg/liter of aluminum would 
yield a false signal for ar1enic equivalent to approximately 
1.J n,g/11ttr. Therefore, 10 mg/11ttr of aluminum would result in 
a false signal for arsenie equivalent to approximately 0.13 mg/1 iter. 
The nader 1s cautioned that other analytieal systems tTay exhibit 
scawnat different levels of interlerence than those ShQiln in 
Table,. and that the interferenca effe~s ITIJSt be evaluated for 
each i~dividual system. 

3.l.l.Z Only those 1nterferents listed were investigated, and 
the blank spaces in Table 2 indicate that measurable 1nterler?nces 
were not observed for the interferent eoncentrations listed in 
Table 3. Generally, interferences we,-. discernible if they produced 
peaks or background shifts corresponding to 2-s: of the peaks 
generated by the analyte concentrations also listed 1n Taole 3. 

3.l.l.J At p~sent, information on the listed .silver and 
potassium wavelengths is not available but it has been r-eparted 
that sKond order energy fnlm the ma9nesiW11 383.231-nm wavelength 
interferes witn the listed potassiwa line at 766.491 nm. 

3.l.2 ?hysical interferences are generally considere<t to be 
effects associated witn tne sa~le nebulizatton and transQort processes. 
Such properties as ehange in viscosity and surface tension can cause 
significlnt inaccuracies especially in sam;,les which may ccntain hign 

· dissolved solids or acid concentrations. The use of a peristaltic 
p~ ~ay lessen these interferences. If these types of interlerences 
are operative. they ltllst be ~duced by diluting the sa~le and/or util­
izing standard addition techniques. Another problem whicn c~n occur 
from high dissolved solids is salt buildup at the tip of the nebu1izer. 
This affects aerosol flow rate. causing instrumental drift. Wetting trie 
argon prior to nebu11zat1on, the use of a tip wasner, or sa~le dilution 
have been use<J to eontrol thh problem. Al so, the use of a high sol id 
nebulizer can ~duca ult build~p in the nebuliur and can also prevent 
drifting and loss of sensitivity in the instrument. In addition, it has 
been re~orted that better eontrol of the argon flow rate il~roves 
instrument perfonnanc1. This 1s ac,cmplishe<J with the use of mass f1o~ 
controllers. 

3.1.3 Olemical interferences are characterized by mol!cular 
cc~ound formation, ionization effects and solute vapor1zat1on·effects. 
Normally these effects are not pnlnounced with the IC? technique; 
however, if observed they un be minimized by careful selection of 
operating conditions (that ts, incident power, observation position, 
and so forth), by buffering of the sa~le. by matrix mat~hing, and 
by standard addition procedures. These types of interferences can 
be hignly dependent on matrix type and the specific analyta eler.'l!nt. 
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TABLE 3. INT£RF£RENT ANO ANALYTE ELEHEMTAL CONCtNTRATIONS 
USED FOR INTERFERENCt MEASUR£1"£NTS IN TA8L£ Z 

Ana lytes mg/1 i ter Int1rl trent s mg/l 1ter 

Al 10 Al 1,000 
As 10 Ci l,000 
8 10 Cr 200 
S·a l Cu 200 

('.'"-. Be 1 Fe 1,000 

" Ca l Mg 1,000 
Cd 10 ""' zoo 
Co l M1 zoo 

_er l Ti 200 
Cu l V zoo 

(" Fe l 
Mg l 
Mn l 
Mo 10 
ria 10 

Ni 10 .. Pb 10 
Sb 10 
Se 10 
Si l 

Tl 10 
V 1 
Zn 10 
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3.Z It is retoawnended tnat whenever a ne-,, or unusual sa~le ir.itrix 
is tncountered. a series of tests be performed prior ta re~orting concentra­
tion ~ta for analyte elerrents. These tests. as outlined ,n 3.2.l throug~ 
3.Z.4, will ensure tne analyst that neitner pos1tive nor negative 1nterfer­
ences will have on any of the analytt elements and d1stort th• accuracy of 
tne reported values. 

3.Z.l Serial dilution: If the analyte ·cancantration is sufficiently 
hign (min;mally a factor of lO above the instr,,,imental detection limit 
after dilution), an analysis of a d1lut1on should agree with1n 5 percent 
of the or1ginal determination (or •ith1n some acceptable control limit 
that nas been estJblished for that Ntr1~). lf not, , chemical or 
physical interference effect should be suspected. 

3.2.Z Spike addition: A spike addition added at a minilTl.lm level 
of lOx the 1nstn,unental detection hmit (maxiirum lOOx) to the original 
determination should be rtcovered ta within 90 ta 110 percent or within 
the established control limit for that rratrix. If not, a matrix effect 
should be suspKted. The use of a standard add1t1on ana1ys1s procedurt 
can usua 11y co1T"9ensate for this ·ettect. ~UTION: The standard addition 
technique does not detect CQinc1dent spectral overlap. If suspected, 
use cf computerized compensation, an altemate wavelength, or com;,ar1son 
with an alternate method is recorrmended (see 3.Z.3). 

3.2.3 CornQarison with altemate IT'llthod of analysis: ~hen inves­
tigating a new sa1T"9le Ntrix, compariscn tests may be performed with 
other analytical technique! such as atomic abSOt"'?t1cn spectroatry or 
other approved methodology. 

3.2. 4 Wave 1 ength scanning of ana lyte 1 i ne region: If the appro• 
priate equipment 1s available, wavelength scanning can be performed to 
detect potential spectral interferences. 

4.0 Acoaratus and Mater1als 

4.l Inductively coupled plasma-atomic emission spectroffl!ter 

4.1.l Cor."Quter~cntro11ed atomic emission spectroatter wi,th 
background carrect1on. 

4.l.2 Rad1afrequency generator. 

4.1.J Argon gas supply, welding grade or better. 
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4.Z Operating conditions: Seeause of the differences between various 
m1kes and models ~f satisfactory instnJments, no detailed operating in5tn.ic• 
tions an be p~vided. Instead. tl'le an•lyst should follow tne instn.ictions 
provided by tne manufacturer of the P•rt1c:ular instn.iment. Sensitivity, 
instrumental detection limit, precision, linear dyn1mic range, and inter­
ference effects ITI.ISt be 1nvestigited and established for each individu•l 
analyta line on that par-ttcular instnJment. It is t.,e responsibility of the 
analyst (1) to verify that the instnJment configuration and operating conditions 
used satisfy the analytical requirements and (2) to maintain quality control 
data confirming instrument perlonMnce and analytical r6ults. 

S.O Reaaents 

5.1 · Acids used in the preparation of standari:s and for sa~lt processing 
rrust be ultra-nigh purity grade or equivalent. Redistilled acids are accept­
able. 

5.l.l Acetic acid, ccnc. 

5.1.Z Hydrochloric acid, cone. 

S.l.3 Hydroch1oric acid (l:l}: Add 500 ~1 cone. HC1 to 400 m1 
Type II water and diluta ta l liter. 

S.l.4 Nitr-ic acid, c:onc:. 

5.1.5 Nitric: ae1d (l:l): Add 500 ml cone. HN03 to 400 ml Type 
I! water and di1ute to l liter. 

S.Z Type I I water: Prep art by passing distil led water th~ugh a mixed 
bed of e1tion and anion exchange resins. Use rype I I water for the prepara­
tion of alt reagents, calibraticn standards, and as dilution water. The 
purity of this water 1Tl1St be equiv•lent to or better than ASTM Type II 
reagent water of Specif1c~t1on 01193. 

5.3 Standard stoa solutions may be purchased or prepared from ultra­
high purity grade chemicals or nwtals. · All salts 1Tl1St be dried for l hi- at 
10s· C unless othen,ise spac1fied. (CAUTION: Many metal salts are extremely 
toxic and may be fatal if sw1llowed. Wash hands thoroughly after handling.) 
Typica.1 stoa solution preparation procedures fol low. 

5.3.l Aluminum solution, stock, l ml•lOO µg Al: Dissolve 0.100 g 
of aluminum metal in an acid mixture of 4 ml of (l:l) HC1 and l ml of 
cone. HNOJ in a beaker. Warm gently to dissolve. When solution is 
com;,lete, transfer quantitatively to a one liter flask and add an 
additional 10 ml of (l:l} HCl and dilute to 1,000 ml with Type II 
water. 
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S.3.Z Ant1mony so1ut1on, stock, l ml•lOO µg Sb: Dissolve 0.2569 g 
K(S~O)C4H406 Jn Type II w•ter, add 10 ~l (l:l) HCl and d11ut1 to 
1,000 ml wttn Type II water. 

S.3.3 Ar1entc solution, stock, l ~1•100 µg As: Dissolve 0.1320-g 
of As,03 in 100 ml of Type II w&ter containing 0.4 g HaOH • . Acidify 
the solution with 2 ml cone. HN03 ind d11ut1 to 1,000 ~1 with Type It 
watar. 

S.J.4 Barium solution, stock, l ml•lOO µg Ba: 01ssolv~ 0.1515 g 
BaClz· (dried at zso• C for 2 hr) in 10 ml Type II wattr with 
1 ml (l:l) HCl. Add 10.0 ml (l:l) HCl and d11uta to 1,000 ml with 
Type I I water. 

S.3.5 Beryllium solution, stock, l ml•lOO µg Se: Oo not dry. 
Dissolve l.966 g BeS04•4H,O in Type II wattr, add 10.0 ml cone. 
HN03 and dilute to 1,000 ml with Type II watar. 

5.3.5 Boron solution, stock, l ml•lOO µg · B: Co net d~ .. Dissolve 
O.S716 g anhydrous H3S03 in Type II water and d11ut1 ta l,O ml. 
Keep in a tightly stoppered bottle, and stare in a ~icator to prevent 
the entrance of atmospheric moisture. 

5.3.7 Cacmium solution, stock, l ml•lCO µg Cd: 01ssalve O.ll4Z g 
CdO 1n a minin1Jm amount of of (l:l) HN03. Heit to increase rate of dis­
·solution. Add 10.0 ml cone. HN03 and dilute to l,000 ml with Type II 
water. 

S.3.8 Calcium solution, stoc~, l ml•lOO µg Ca: Suspend 0.2498 g 
CaC03 dri~ at 1aa· C for l nr before weighing in Type II water and 
dissolve cautiously with 1 ~1ni1T1Jm ar:'10unt of (l:l) HN03. Add 10.0 ml 
cone. HH03 and dilute ta l,000 ml witn Type I! water. 

• S.3.9 Chromium solution, steck, l ml•lOO µg Cr: Dissolve 0.1923 g 
Cr03 in Type II wat1r. When solution is c~lete, acidify witn 10 ml 
ccnc. HN03 and dilute ta 1,000 ml with Type tI water. 

5.3.lO Cobalt solution, stecx, l ml•lOO µg Co: Dissolve 0.1000 g 
of cobalt ITlttal in a llrinilTIJJ!I amaunt of (l:l) HN03. Add 10.0 ml (l:l) 
HCl and dilute ta 1,000 Ml with Type II w•ter. 

5.3.ll Copper solution, stock, l r.tl • 100 µg Cu: Oissotv·e 0.1252 g 
CuO in a minin1Jm amount of (l+l) HN03. Add 10.0 ml cone. HN03 and dilute 
ta .1,000 mt with deionized. distilled water. 

5.3.lZ Iron solution, stock, l m1•100 µg Fe: Dissolve 0.1430 g 
Fez03 in a warm mixture of 20 ml {1:1) HCl and Z ml of cone. HN03• 
Coat, add an additional 5.0 ml of cone. HN03 and dilute to l,000 ml 
with Type II water. 
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S.3.13 .Lead solution, stock, l ml•lOO µg Pb: 01ssolve 0.1599 g 
?b(H03), 1n 1 111ini1T1J111 amount of (l:l) HN03. Add lO.O ml (l:l) HN03 
and dilute to 1,000 ml with Type II wat1r. 

S.3.14 Mlgnesium solution, staa, l ml•lOO µg Mg: Dissolve 
0.1658 g MgO 1n I mini1T1Jm amount of (l:l) HN03. Add 10.0 rnl (l:l) 
cone. HN03 and dilute to 1,000 ml witn Type 11 water! 

5.3.15 Manganese solution, stac:x, l ml•lOO µg Mn: Dissolve 
O.lOOO g of manganese ~tal in the acid mixturt (10 ml cone. HC1 and 
1 ml cone. HN03} and diluta to 1,000 ml with Type II water. 

5.3.16 Molybdenum solution, stock, l ml•tOO µg Mc: Dissolve 
0.2043 9 (NH4)zMo04 in Type II water and d11uta to l,000 ml with 
Type 1 I water. 

5.3.17 Nickel solution, stock, l ml•lOO µg Hi: Dissolve 0.1000 g 
of nickel metal 1n 10.0 ml hot cone. HN03 1 cool, and dilute ta 1,000 ml 
with Type II water. 

. 
5.3.18 Potassium solution, stoa, l ml•lOO µg K: Dissolve 

0.1~07 g KCl, dried at 110• C, in Type II water and dilute to 1,000 ml. 

5.3.19 Seleniu~ solution, stock, l ml•lOO µg Se: Do not dry. 
Dissolve 0.1727 g HzSe03 in Type II water and dilute to l,000 ml. 

S.3.20 Silica solution, stccx, l ml•lOO µg SiOz: Do not dry. 
Dissolve 0.4730 g NazSi03•9Hz0 1n Type II water. Add 10.0 ml cone. 
HN03 and dilute to 1,000 ml with Type II watar. 

S.3.21 Silver solution, stock, l ml•lOO µg Ag: Dissolve 0.1S75 g 
AgN03 in Type II watar and lO ml cone. HN03. Dilute to l,OUO ml 
with Type II water. 

5.3.22 Sodium solution, stock, l ml•lOO µg Na: Oissolve 0.2542 g 
NaCl in Type II w•tar. Add lO.O ml cone. HN03 and dilute to l,000 ml 
witn Type II water. 

5.3.23 Thallium solution, stocx, l ml•lOO µg Tl: Dissolve 0.1303 
g T1H03 in Type II water. Add 10.0 ml cone. HN03 and dilute ta 
1,000 ml with Type .I I watar. 

5.3.24 Vanadium solution, stocx, l ml•lOO µg V: Dissolve 0.2297 _g 
NH4V03 1n a mini1T1Jm amount of cane. HN03. Heat to increase rate of dis• 
solution. Add 10.0 ml cone. HN03 and dilute to 1,000 ml with Type 11 
water. 

5.3.25 Zinc solution, stock, l ml•lOO µg Zn: Dissolve 0.1245 g 
ZnO 1n a mini~m amount of dilute HN03. Add lO.O rnl cone. HN03 and 
dilute to l,000 ml with Type II water. 
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5 4 M1xtd ,111bration standard solutions: ?repar, mixed calibration 
standa;d solutions. by ccrnb1ninc; appropriate volumes of the stocx solutions 
in voluinetric flasks (see 5.4.l through 5~ 4-5). Add Z ml of (1:1) HN03 lnd 
10 ml of (l:l} HCl and dilute to 100 ml with Type II water (see Hotel in . 
Section 5.4.S and Nott 6 in S•ct1on 7.3}. Prior ta pre~aring the llrixtd 
standards, each stack solution should be analyzed s1~ar1t11y ta deternsint 
possible spectral interference o~ the presenca of i~urities. C~r• should be 
taken when preparing tne llrixed standards that the elements be c~at i ble and 
stable. Transfer the mixed standard solutions ta a FEP fluorocarbon or 
unused polyethylene bottle for storage. Fresh rnixad standa~s should be 
prei:,ared a.s needed with the realization that canc1ntr1tion can change on 
aging. C~libration standards ITIJSt be initially ver1f1ed using a qual i ty 
control sanole and monitored weekly for stability {see S.6.3). Although not 
sQec1fic1lly required. some typical calibration standard camb1nat1ons fellow 
·•hen using those specific wavelengths listed in Table l. 

5.4.l . Mixed standard solution I : Manganese, beryllium, cadlltium, 
lead, and zi nc. 

5.4.Z Mixed standard solution I I: Barium, cgQptr, ii-on, vanadium. 
and cobalt. 

5.4.3 Mixed standard solution 11 I: Molybdenum, si 11 ca, lnen1 c, 
and selenium. 

5.4.4 Mixed standard solution IV: Calc1um, sodium, potassium, 
aluminum, chromium, and niael. 

~ 

S.4.5 ~1~ t~andard solution V: Antimcny, boron, magnesium. 
Silver·, and ~l'lall1um. 

ffuT£ l: If th~ add1t1on of silver to the recoffffl!nded acid combina• 
tion results in an initial precipitation, add 15 ml of Ty~e 11 
water and wann the flask until the solution clears. Cool and 
dilute to 100 ml with Type 11 water. For this acid combination, 
the silver cancentration should be limited to 2 mg/1. Silver under 
these conditions is stable 1n a tap water matrix for 30 days. 
Higher c0ncentr1t1ons of s11ver nquire additional HC1. 

5.5 Two types of blanks an requind for the analysis. The calibration 
blank is used in establishing the analytical curve while the reagent blank i s 

,used to correct for possible contamination resulting from varying a~ounts of 
the acids used in the sa~l• pr_ocessing. . · · . · 

S.S.l The . .cal1~rat1on blanlL .h prepared by diluting 2_ml of (l:lJ 
HN03 and ;a ml of (l:l) HCl to 100 ~l witn T1~e II .~ater (see ~ote o 
1n Section ,.JJ. Pre~are I suff1cient quantity to be usea to flush tne 
system-between standards and sa~lis. 
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S.S.2 The reaqent blank rrust cont.in a11 the rugent_s and J.n .. th.t. 
same volumt, u. ~sed fn the processing of the UIT'Cllt1. ihe_r~t~t,t 
blaril( lft.lSt be carri4'.d _t.t,.c:,u~ .u,a coirclete pr!'C!dure and ~ontain the 
s~ ac:id c:anante1;10~ t~ u,._ fin•l solution as the sa~le solut1oM 
us~ ·ra~ 4.0~ lys1 ~.. . • . 

5.5 Standards: In addition to the c:alibration standards, an 1nstMJMent 
chKx standard, an interferenc:e cheu sa~le, and a quality control sa1t"9le 
are also required for the analyses. 

5. 6 .. 1 The 1 n5tromer,f' check standard 1 s pregared by the ana 1:,st 
by combining compatible tler.'l!nts at a ccncantrat1on equivalent tQ tne 
r:iidpoint n_f their r~spective calibration curves ,s·ee a;5~i}. ~ 

5.6.Z The jn~erlerenc:e. ch~k ls pr~ared.. i,y th@ analvst in trie 
following manner. Select a representative sa~1e tnat conu,ns rn1n,ma1 
c:oncentrat1ons of the analytes of interest but kna-n concentrations of 
interfering elements that will provide an adequate test of the correc• 
tion factors. Spike the sa~le with the elel!11!nts of interest at the 
approximate concentration of either 100 ~g/l1ter or 5 t1~s the estimated 
detection limits given in Table l. (For effluent sa~les of expected 
high concentrations, spike at an appropriate level.) If the type of 
samples analyzed are varied, a syntnetically pr!par!d s~lt rray be 
used if the above criteria and intent are met. A limited supply of a 
synthetic interference chec, sa~le •ill be available from the Quality 
Assuranc:e Branch of EMSL-Cincinnati. 

5.6.3 The _auality control sa_l!l>le should be prepared in tl'!e sarr.e 
acid.l!'ULi.x as tne ~a1_,orat1on stal'!Quds at a concentration near 1 mg/liter 
an4 in ac,o,·dance wlth tne 11tstn.ictions provided by the suppfier. - . -

6.0 Samole Collection, Hand11na, and Preservation 

6.1 All samples ~st be collected using a sa1T"9ling plan that addresses 
the considerations disa&ssed in Section One of this manual • 

. 6.2 For the detennination of trace elements, contamination and loss 
are of pril!11! concern. Oust in ttle laboratory environment, i1t"9urittes in 
reagents, and impurities on laboratory apparatus which the sa~le contacts 
at"! all sources of potential contamination. Sa~les containers can introduce 
either .positive or negative er-rors in the measurement of trace elements· by 
(a) contributing contaminants through leaching or surface desorption and 
(b) by depleting concentrations through adso~tion. Thus the collection 
and treatment of the sa~le prior to analysis requires particular attention. 
Laboratory glassware including the sart;ile bottle (whether polyethylene, 
poly~ro~ylene, or FE?-f1uorocarbon) snould be thoroughly washed witn det!r~ent 
and tap water; and rinsed with (l:l) nitric acid, tap water, (1:1) hydrocrilor i c 
acid, tap •ater, and finally Type II water, in that order (see Notes z and 3). 

I 
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ltOTE z: Chromic acid may bt useful to remove organic deposits from 
glassware; however, tne analyst should be eautioned that the glasswar! 
n,st be thoroughly rinsed w1th water to remove the 1ast traces of 
chromwn. The use of chromic acid can cause a contamination proole11t' for 
th• determination of d'lromiulll if the gluswar• is not r1nsld properly. 
A coamerci•l product, NOOiROMlX, available from GQdax Laboratories, 6 
Varidt Street, New Yor~, NY · 10013, mi:, ~ used in pll't of chromic acid. 
Chromic acid should not be used with plastic bottles. 

NOT! .3: If it can be documented through an active ,nalytical quality 
control program using spiked samples and reagent blinks that ce~ain 
steps in the cle4nin9 pr~cedure are not requi~d for routine sa~les, . 
those steps may be eltminated from the procedure. 

• 6.3 Aqueous sa1T"9les rrust be preserved and p~treatad 1~pro~riat1l:, 
depending on whether data on dissolved, suspended, or tou1 metals,,.. 
desired. 

5.4 Ncnaquecus sa~les shal1 be ~friger1ted wnen passH,lt, and analyzed 
as soon as possible. 

7.0 Procedure 

7.1 The fo11owing defi nitions are intended to ¢1arify the ensuing 
di s cu s s i on • 

7.1.l Instrumental detection 1imit: The ccnc2ntrati0n equivalent 
to a signal, due to the analyte, wh1c.h is equal to thre~ times the 
standard deviation of a series of t'ltenty ~plicate maasurements of a 
reagent blank signal at the san. wavelength. 

7.1.Z Sensitivity: The slope of the analytical curve, i.e., 
functional relationship bet-.een mission intensity and concentration. 

7.1.3 Instrument c.~ecx standard: A rrultielement standard of 
known concentration pnpar~ by the analyst ta rTCnitor and verify 
instrument perfonnanca on a daily basis {se. S.6.l}. 

7.1.4 Interference chedt s~le: A solution containing both 
interfering and analyte elerrents of known concentration that can 
be used to verify background and interelement correction factors 
(see S.5.2). · · 

7.1.S Quality control sa~le: A solution obtained fran an outs i de 
source having known concentration values to be used to verify the cal i • 
bration standards (see 5.5.J}. 
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7.l.6 Cal1brat1on standards: A series of kncwn stan<2rd solut1ons 
us~ by the an•lyst for calibration of the 1nstruNnt (1.e., p~paration 
of tht the an•lyt1ca1 curve; se• 5.4). 

7.l.7 Linear dynamic range: The concentration range over which 
the an•lytical QJrvt reNins linear. 

7.1.S Reagent blank: A volume of Type II water containing the 
same acid matrix as the calibration standards carried through the entire 
analytical scheme (see S.5.2). 

7.l.9 Calibration blank: A volume af Type II water ac1d1fied with 
HN03 and HC1 (see 5.S.l). 

7.l.10 Method of standard add1t1on: The 1tandard addit1cn tech­
nique involves the use of tht unknown and unknown plus a ~nown a~unt of 
standard (see 7.9.l). 

7.Z Sa~le preparation: Aqueous sa~les should be prepared according 
to Section 7.J. Sludge-type sa~les should be pr~pared acecrd1ng to Method 
3050 and saq:,les containing oils, greases, or w1xes may be prepared 
according to Methods 3030 and 3040. The app11eibility of a s~le prepara• 
tive technique to a new matrix type l?IJSt b• demcnstrated by analyzing spi~ed 
sa~le or relevant standard reference materials. 

7.J ?reparation of aqueous sa~les: For the determination of total 
elennts. choose a •asured volume of the well-mixed acid-9.reserved sample 
appropriate for tne·expected level of elements and transfer to a Griff1 n 
beaker (see note S below). Add J. ml cone. HN03. ?lace the beaker on a 
hot plate and evaporate to near dryness autiously, making certain that the 
sa~l• does not boil and that na are1 of the bottcm of the beaker is allowed 
to go dry. Cool the beaker and add another 5-ml portion of cone. HN03. 
Cover the beaker with a watch glass and return to the hot plate. Increase 
the te1T9erature of the hot plate so that a gentle reflux action occun. 
Continue heating, adding acid as necessary, until the digestion is c01r0lete 
(generally ind1cated when the digestate is light 1n color or does not change 
1n appearance witn cont1nu~ refluxing). Again, e_y~porate to near dryness 
and_ccol the beaker. Add lO ~1 of (l:l) HCl and lS ml of Type 11 water 
per 100 ml f1na1 solution and w1nn the beaker gently for 15 min to dissolve 
any precipitate or ~sidut ~sult1ng from evaporation. Allow to ecol, wasn 
down .the beaket> walls and watch glass with Type II water ind fflte,:' the 
sa1T"9lt to remove insoluble material that could clog the nebulizer (see Note 4 
below). Adjust the s~le to a pr,determined volume based on the expectea 
coneentr1t1ons of el!ffl!nts present. The s~le 1s now rudy for analysis 
(se~ Note 6 below). Concentrations so determined shall be re~orted as 
·t0t11.· 

NOTE 4: In place of filtering, after diluting and mixing, the sam;:,le 
may be centri.fuged or allowed ta settle by gravity overnight to remo·,e 
insoluble m1ter1al. 
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HOT[ 5: 1 f tow determinations of baron ar• c:r1t 1 ci 1, quartz or poly• 
prOQylen• glass~are should be used~ Polypropy lene glass~•re 1s i;eneral ly 
preferred since 1t is cneaper and Just as accurate as quartz. 

HOT! 6: If the saff'4'le analysis solution has I d1Herent ac1d concen• 
tration from that given 1n 7.3, but does not 1ntroduc:a a physic.al 
interference or affect the analytic~l result. the same calibration 
standar-ds Ny be usad. · 

7.4 Set up instr-ument with proper ~•rating paramaters ~tablished 
in Sect1on 4.Z. The instrument r11at be allowed to becc• thern.lly stabh 
before be91nning. Th i s usu•lly re(l\lins at least 30 min of 0perat1on ?r1or 
ta alibration. 

7.5 Initiate appropriate operating c:onfigur1tion of c:c~utar. 

7.S Profile and calibrate instrument according ta instruNnt rranufac• 
turer's rec:01T1t1ended procedures, using the typial mixed c:111bration standard 
solutions described in Section· 5.4. Flush the system with the c:111brat1on 
blank (S.5.l) bet~un each stancard .(SH Not• 7 below). (The use of the 
averag• intensity of multiple exposures far botn standardization and sam~le 
ana1ysis has been foun~ ta reduca randcm error.) 

NOT[ 7: For boron ,oncentrat1ons greater than 500 µg/11ter extended 
f1ush times of l ta Z mi rt may be required. 

7.7 Before beginning tne sa~1e MJn, ~analy?t the hignest asixed 
c:al1bration standard as 1f it••" a Saffl!lle. Concantr!ti_qn values ootained 
snould not deviate frees the actual va1ues by more than .•,i (or the esuolished 
control limits, whichever 1s lower}. If they do, follow the reccmnendations · 
fo the instrument manufactunr ta correct for this condition. 

7.a Begin the s•l• run by flushing the system with the c:al1bration 
blank solution (5.S.l) bet-,,een each Saff'C)le (see Note 7). Analyze the 
instrument cnea sundard (S.6.l) and the calibration blank (5.S.l) after 
each lO sa~les. 

7.9 If 1t has been fcund that methods af standard addition are requ i red, 
the f o 11 ow i n g p roe edu n is r-tcomnendad. 

7.9.l The standard addition technique involves pr~paring nN 
sundards in the s~l• rn1trix by adding kno-n amounts of standard to 
one or mare aliquots of the processed sa~le solution. This technique 
c~ensates for a sacple constituent that enhances or depresses the 
analyte signal, thus producing a different slept fran that of tne c:al i • 
bratian standards. It ~111 not corr~ct for additive interference whic:n 
causes a ba,elfne shift. The si~lest ver,1on of this tachnique is t ne 
s1ngle-.dd1tion method. The procedur, 1s as fallows. Two identical 
aliquots of the sample solut1on, each of volume Vx, ar• taken. To the 
first (labeled A) 1s added a small volun1t Vs of I standard analyte 
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salut1on of ~ncentrat1on Cs• To the seccnd (1abeled 8) is added the 
same volume Vs of the solvent. The an1lyt1c1i signals of A and a are 
•uured and corrected for non•nalyte signals. The unknown s~le 
cancentr&t1on 'x is calculated: 

Cx • 

where SA and s8 are the analytical signals (corrected for the blank) 
of solutions A and a. respectively. Vs and c5 should be chosen so that 
SA is roughly t"N1ce S9 on the average. lt is best 1f Vs is !TIide n.ich 
less than Yx• and thus c5 1s 111Jch greater than ex, ta 1void excess 
dilution of the sample matrix. If a se~aration ar ccncentrat1on ste~ 1s 
used. the additions art best ll'ade f1nt and carri!i1 through tne en~ire 
procedure. For the results from this technique to be val1d, tne follow• 
ing limitations 111.lSt be taken into consideration. 

1. The analytical response signals 111JSt be 11near with rtsQect to 
conctntrat1on. · 

2. The chemical farm of the analyte added 111Jst respond the same as the 
analyte in the sample. 

3. The 1 nterf erence effect rri· st be constant over the work 1 ng range of 
concern. 

4. The signal ITIJSt be ccrrecte~ for any additive interlerenca. 

7.lO Calculations: Reagent blanks {S.5.2) should be subtracted from ali 
sa~les. This is particularly 1~crtant for digested sa~les requiring large 
quantities of acids to cc~lete the digestion. lf dilut1ons were performed9 
the appropriate factor 111JSt be app11ed to Sac:;lle values. All results snould 
be reported in mg/liter witn up to three significant figures. 

8.0 ()Jality Control 

8.1 Alt quality control data should be maintained and available for 
easy reference or inspection. 

8.2 011ute sa~les 1f they are more concentrated that the highest 
standard or 1f they fall on tl'le plateau· of a calibration curve. 

a.-3 · ~loy a mini111Jm of one prOce:1ural blank per sa~le batch to 
detemine if contamination or any memory effects are occurring. 

8.4 Run one duplicat~ sal!1)1e for every lO samples. A duplicate sa~le 
1s a sa~le brougnt tnrougn tne whole sa~le preparation process. 
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a.s O,eck tl'n! 1nstMJment standardization by analyzing appropriate 
quality control cnecx standards as follo.s: 

a.S.l Analyze an appr09ri ate instMJment cheet standard (5.6.l) 
containing the eleaants of 1nte~st at a f~quency of _ 10~. This checx 
standar1. .tc used ta determine instrument drift. If a~~•~nt is nat 
with;~+s;ot the expected values or witnin the established control l imits, 
wh1CJ'\ever is 1awer, the analysis is out of cantr-ol. The analysis should 
be ter,:s;nated, the problem corrected, and the instMJment realibrat~. 

8.5.2 Analyze the ca1ibr!tion blank (S.5.l) at a f~uency of 10:. · 
The result should be w;tn1n the established control limits of Z standard 
deviitions of tne mean value. if not, repeat the a,,.lysis t'WO mere titres 
and average the three results. tf the average is not within the control 
limit, terminate the analysis, correct the problesn, and realibrate the 
instrument. 

8.5.3 To verify interelerrant !ltd background correct1on factors, 
analyze the interferena checx s~l• (5.6.Z) at the beginning, end, and 
at periodic intervals tnroughout th• sa~le Nn. Results should fall 
within the established control limits of 1.5 times the standard devia­
tion of tne ll'l!an value. If not, tenn;nate the analysis, carnet the 
proble~, and r,calibrate the.instrument. 

8.5.4 A quality control sa~le (5.5.3) obtained from an outside 
source ~st f i r1t t:le used for the initial verification of tne calibra­
tion standards. A fresh dilution of this samQlt shall ·btt analyzed eve ry 
week thereafter to monitor the;r stability. If the rflults are not 
within •5: of the true value listed for the control sa~le, p~par, a 
new calibration standard and recalibrate the instn.unen~. If this does 
not correct the problem, prepare a ne,,, stoc~ standard and a new calibra­
tion standard and repeat the calibration. 

8.6 Spiked sam;,les- or stan~rd reference materials shall be e~layed 
periodically to ensure that correct procedu~s are being follcwed and that 
all equi~ment is operating properly. 

8.7 The method of standard additions shall be used for the analysis 
of all E? extracts and whenever a sa~le suffer, frcm rnatri1 interferencas. 

a.a The method detection li~it (MOL) ts defined as the min11!1Jm 
conce~tration of a substance that can be ll'l!asured and ~ported witn ' 99~ 
confidenca tnat the value is above zet"1l. The MOL concentrations listed i n 
Tablt l .~ere -obtained using reagent water. Similar results wer, achieved 
using ~presentative wastNaters. The MOL actually achieved in a given 
analysis will vary depending on instrument sensitivity and matrix effects. 

8.9 In an EPA round-robin phase l study, seven laocratories applied 
the IC? technique to acid-<11st111ed water matrices that had been dosed wi t~ 
various metal concentrates. Table 4 11sts tne true value, the rntan reported 
value and the rrean: relative standard deviation. 

, , 
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Hanford Stream data base printout showing Priest Rapids Dam data 
a-s background data 
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13-AUG-87 

WATER 

Samp #: 1265 

Date Off Date On 
---- --- -·--- --
21 DEC 82 23 NOV 
18 JAN 83 21 DEC 
15 FEB 8..,.. 

-..J 18 JAN 
15 MAR 83 15 FEB 

Page 1 
ENVIRONMENTAL SAMPLE ANALYSIS RESULT REPORT 
------------- ------ -------- ------ ------

21 DEC 82 to 15 MAR 83 

RI VER WA TEF: CUMULATII./E 

PRIEST RAPIDS-RIVER 

121/SR 90 

Result +I- 2 Sigma / CPCI/L l 

---------- ) 
82 3. 37E-Ol +/- 1. 83E-014:'.. 
82 1 . 89E-01 +/- ".'.' 46f-()".'.' 
83 i.91E-01 +I- 3.lSE-02 
83 2.57E-01 +/- 4.11E-0 2 

u J € 

UNF IL TEF:ED 

+ t,_ , ~ s a-.1 I~ 
/ Q.- iad.t3 r<?'-'n;{ 

Comments 

Fraction of Results >OL: 4/ 4 Mean: 2.44E-01 
Minimum : 1.89E-01 <18 JAN 83) 
Maximum: 3.37E-01 (21 DEC 82) 
Median: 1.91E-01 

Standard Error of Mean: 8.64E-02 
Standard Deviation: 1 . 73E-O 1 
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Investigation of Ground-Water Seepage from Hanford Shoreline 

of the Columbia River, PNL-5289, November 1984 
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TABLE B.l. Strontium-90 Analyses from Columbia River Samples 

River Mile 
Location 

. Samp1 e 
IO 

Date 
Collected 

Concentration, 
pCi/.t ::2cr 

.o-s.o o.5s = 0.23 DG B Comp RW(a) 0112:/83 
5.5-7.5 0.18:: 0.02 l.)Sd! ,+t. :s: 
8.0-9.5 ze :: 0.47~sr..-r,k r.,J,.. · 

K Comp R\I lt/18/82 
N Comp RW 12/18/82 J:4~/J,a, ~ 

_:.;10;,,;,·.;.o--=1~2 :..;:• o:..._ ___ ----:~::.:.:.:.::.~---=~:..:.:.--....:1:..:.. ,..1 __ : __ o~·=o s=---.:::;,.P...;;6;..,.__. D Como RW 12/18/82 
14.0-17.s a.so= 0.14 H Comp RW 01/22/83 
18.0-22.0 
Upstream Columbia 
River Concentration 
(.A.verage 1983) 
DOE Concentration 
Guide (USOOE 1981) 

F Ccmp RW 01/22/83 0.93 : 0.15 

0.18:: 0.22 

300 

(a) Comp-~W denotes composite river water sample comprised of 
aliquots from irrmeaiately preceding river sample locations. 

:ABLE 8.2. Iodine-129 Analyses from Spring and Columbia River Samples 

27.0 
27.0 
28.0 
29.0 
31. 75 
32.5 

River Mile 
Locati on 

Upstream Columbia 
River Concentration 
(1983 Average) 
DOE Concentration 
Guide (USOOE 1981) 

Sample 
ID 

27.0 RW(a) 
27-1 Sp(b) 

28-2 Sp 
29.0 RW 
31-5 Sp 
32-0 Sp 

. 
Date 

Collected 

01/22/83 
09/11/83 
09/ 11/83 
01/22/83 
09/11/83 
09/11/83 

(a) RW denotes composite river water sample. 
(b) Sp denotes river bank spring samp1e. 

B.3 

Ccncentrati on, 
2Ci/t :2cr 
-6 -6 3.3xl0 :: l.4xl0 
-4 -5 l.6xl0 : 2.lxlO 
-2 -3 6.2xl0 : 6.8xl0 
-5 -6 6.3xl0 : 5.0xlO 
-5 1 -6 3.CxlO :: 4.0x.O 
-5 -5 4.4x10 :: :.7xl0 

-5 -5 2.4xl0 :: 2.6xl0 

60 
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Hanford Reservation Area Worker Census, BNWL-2298, July 1977 
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TABLE 1. Concentration of Hanford Reservation 1..Jorkers 
by Site 

Number of Percent 
Site 1..Jorkers of Total 

100 760 5 
200 E&W 2,355 16 
WPPSS ifl,2,&4 2,905 20 
FFTF 2,420 16 
300 3,110 21 
Batte11e, et a 1 . 3,345 22 

TOTAL 14,895 100 

1r'lhi 1 e the •,o1orker counts being reported by Reservation empl ayers are usua 11 y 

shown concentrated around a designated site, in reality a substantial portion 

of these workers are likely to be distributed over the surrounding ~rea. For 

convenience, however, they are credited to such particular sites as 200 East, 

200 '..Jest, l~PPSS 1 , 2, & 4, etc. 

Identification of shift workers posed some riporting difficulties since 

some firms run four shifts •,o1hile most of the others conduct their operations 

in three. The 100 Area was a special problem since these '-"Orkers operate over 

a wide area. Regardless, all workers have be~n accounted for in this census 

although some of the shift counts may be approximate. 

DISTRIBUTION OF WORKERS BY RADII ANO COMPASS DIRECTION 

Figure 2 maps the distribution of Hanford Reservation workers by work shift 

over intervals of one-mile radii and 16 compass directions centered at the Purex 

Plant. These same worker distributions are repeated in Figure 3 without the 

maped Reservation Area as a background. As a tabulating convenience, sector 

parcel counts have been rounded to units of 5 and 10, but were adjusted to the 

total count for the separate companies. (Because of confidentiality, worker 

counts for the separate companies are not being presented here.) For better 

readability, sector counts within the first two mile radii from the Purex Plar.t 

center are presented separately at the bottom of the figure. Table 2 presents 

work distribution in detail including a cumulative count of workers and percent 

of total as distance and direction from the Purex Plant center increases. 

3 
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Endangered and Threatened Wildlife and Plants, 50 CFR, 

Part 17, Subpart B, October 86 



§ 17.11 

mued under Part 21 of this chapter: 
and 

C2) Ident1.fied in the earliest applica­
ble annual report required to be filed 
by a permittee under Part 21 of this 
chapter as in a permittee's posses.,ion 
on November 10, 1978. or as the proge­
ny of such a raptor. 

Cb) Thia section does not apply to 
any rapt.or intentionally returned to 
the wild. 

[48 FR 31607. July 8. 1983] 

Su.bpart 1-Usts 
f fi 

8otl1la:: 48 FR 34182. July 27, 1983. unlesa 
otherwise noted. 

117.11 Endanra-ecf and threatened wild­
life. 

Ca> The Ust in this section contains 
the names of all species of wildll!e 
which have been determined by the 
Services to be Endangered or Threat­
ened. It also contains the names of 
species of wildlife treated as Endan­
gered or Threatened because they are 
sufficiently similar in appearance to 
Endangered or Threatened species 
Csee § 17.50 et 3eq.>. 

Cb> The columns entitled "Common 
Name," "Scienti!ic Name," and "Verte­
brate Population Where Endangered 
or Threatened" define the species of 
wildll!e within the meaning of the Act. 
Thus, difierently classified geographic 
populations of the same vertebrate 
subspecies or species shall be identi­
fied by their di!fering geographic 
boundaries, even though the other two 
columns are Identical. The term 
"Entire" means that all populations 
throughout the present range of a ver­
tebrate species a.re listed. Although 
common names a.re included. they 
cannot be relied upon for identifica• 
tion of any specimen. since they may 
vary greatly in local usage. The Serv• 
ices shall use the most recently accept­
ed scientific name. In cases 1n which 
confusion might arise. a synonymCs> 
will be provided In parentheses. The 
Services shall rely to the extent practi• 
cable on the lnteniational Code of Zo­
ological Nomenclature. 

Cc> In the "Status" column the fol­
lowing symbols are used: "E" !or En­
dangered. "T" for Threatened. and "E 
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[or Tl CS/ A>" for similarity of appear­
ance species. 

Cd> The other data in the Ust a.re 
· nonregulatory in nature and a.re pro­
vided for the in!ormation of the 
reader. In the annual revision and 
compila.tion of this title, the following 
in!ormation may be amended without 
public notice: the spelling of species' 
names. historical range, footnotes, ref­
erences to certain other applicable 
portions of this title, synonyms., and 
more current names. In any of these 
revised entries. neither the species, as 
defined in paragraph Cb> of th1a sec­
tion. nor its status may be changed 
without following the procedures of 
Part 424 o! this title. · 

Ce) The "historic range" indicates 
the known general distribution of the 
species or subspecies as reparted in the 
current scientific literature. The 
present distribution may be greatly re­
duced from this historic range. This 
column does not imply any llmitation 
on the application of the prohibitions 
in the Act or implementing rules. Such 
prohibitions apply to all !ndivtduala of 
the species. wherever found. 

(f)(l) .A footnote to the F!:DEllAI. Rm­
IST!:ll publication<s> listing or reclassi­
fying a species is indicated under the 
column "When listed." Footnote nUID­
bers to U 17.11 and 17.12 a.re in the 
same nUIDerical sequence, since plant.a 
and a.nima.l.s may be listed in the same 
F!:D&RAL Rl:Grsn:a document. That 
document. at least since 1973, includes 
a statement indicating the basla for 
the listing, as well as the efiective 
date<s> of said listing. 

<2> The "Special rules" and "Critical 
habitat" columns provide a cross 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 that describe experimen­
tal populations and determine if they 
are essential or nonessential. Separate 
listing will be made for experimental 
populations, and the status column 
will include the following symbols: 
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"XE" !or an essential experimental 
population and "XN" for a nonessen• 
tial experimental population. The 
term "NA" <not applicable> appearinc 
in either of these two column., indi­
cates that there are no special rules 
and/or critical habitat !or that par-

U.S. Fish a1 

tlcular spe« 
proprlate 
through 2: 
that specie: 
other rules 
such wildl 
quirements. 
references 
column list 
two Service 
species or t 
Federal age 
em.meats. 

c,> The 11; 
includes all 
example, ti 
boos> is llsu 

- ------------
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U.S. Fish and Wildlife Serv., Interior 

ticular species. However. all other aP­
propriate rules in Parts 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 wildille. e.g.. port-of-entry re­
Quirements. It Is not lntended that the 
references In the· "Special rules" 
column list all the regu.lations ot the 
two Services which might apply to the 
species or to the regulations of other 
Federal agencies or State or local gov­
ernmenu. 

(g) The llstlng of a partfeular taxon 
Includes all lower taxonomic units. For 
example, the genus Hvloba.tu (gib­
bons> is llsted a.s Endangered through-

i 
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§ 17.1 \ · 

out its entire range <China. Indl:i, an,, 
SE Asia>: consequently, all specie~ 
subspecies, and populations of tha, 
genus are considered listed a.s Endan 
gered !or the purposes of the Act. h, 
1978 (43 FR 6230-6233> the species Ha 
liaeettJ.J :eu.cocepha.lu.s (bald eagle> Wlb 

listed as Threatened In "USA <WA. 
OR, MN. WI, Ml)" rather than It.. 
entire population: thus, all indlv1duah, 
ot the bald eagle !ound In those !Iva 
States are cocsidered listed a.s Threat­
ened for the purposes of the Act. 

Ch) The "List of Endangered a.no 
Threatened Wildille" is provided 
below: 

I _. 



Sp.c:lea 

Common name S<:lenUllc name 

M4MM .. . 

Anoa. lowland ....................... .......................... . BW4"4 dt,p,Hfitxxnla (-8. .,_ 
dllp,ws./coml• I. 

Anoe. mountain ................................ .. ............ . 8ubalu• q,,.r/tJJ/ 1-8 . • ,_ qUMMl/l ....... .. 
Anlelope. gtonl aule .. .. ................ ... .. ........... .. f/ff>ofr•g<,• nAj/M vari,,n/ ............................ . .. 
Argall.. ..... .. ....................................................... . CNla •mmon hodQJOIII ................... ....... ....... .. 
Armadillo. gienl ........... .................................... . Priodont11, m.ximu, I - QoPIII,-.,, I ............ .. 
Atmadillo. pit-. tolry ...... ................................ .. ChlamJJ)honJ• tw>calua .............................. .. 
Au, Atrlcan "'ild ............................................ . Eqwa • .....,. 1-•hkanu,) ......................... .. 

Au. Aolan ..td t-Wan, OflaU-) .. .... .......... . Eqw, 1wm1onu, ...... .. .................................... .. 
Avehl... ................... .. ..................................... .. .. Avahl <-Uchanot...l ~ 1-.,,llr• 

11 ...... ,,. 
A~•Aye ........................................................... . 0-.,,,,.,,kXl/a mMUQHCMietJM .. .. ............... . 
8abwu .......................................................... .. . 8-11),n:>oM blibyn,"41 .................................... . 
Baboon. gelade ................... .. ......................... . Th«opMt,cv, ~'·"" ................................... .. 
Bandicaol. lloned ... ..... ................................ .. . ,,.,,._,., /)Ov/}4mllla .......... ............. .. ........ . 
Ben<icool ~ .. ... ...................................... . Pwamtlld, .,r;m;.,.. ...................................... . 
l!ondi<»ol. le..., ral>IIII ................................ . 4(.,;;roti,Ao.QAII ............. ..................... ........... . 
8on4icoot. pla·laoled .................................. .. . a-c,pw.cauda/W .................................. .. 
O.ndk:ool r o&>llil .................... .. .................. .. Maapti, •flOU. ............................................. .. 
Benleng .... ....................................................... . &» ja.-.nlcl4 I -bllnl""III .......................... .. 
Bet. euim.,·, tr"1 tllrtn9 to.) ...................... .. Ap,otehu ""'"""8• ...................................... .. 
llat. ~ ............................................. .. 
Bal. ww .......................... ....... ........................ .. ~-::~ ~ .::::::::::::::::::::::: 
Bat. H-allan howy ...................................... . L•wv• ciner- HmollA .......................... .. 
811. lndlane ............. ... ..................................... . 41),oo. IIOdalu .......... ....................................... . 
llal. kllle Matlane 11"'1 .................................. .. l'tttrep<4 lolu,dall .... .. ...... .................. ............. . 
Bat. Mell-lrult ........................................... . Ptw-cy,t4 ,,.,,,,;.,,,.,. ,,-,,,,Y,,,,.,. ................... . . 

&a1.0z .. ~~-..i ..................................... . Pleco/W """""""" /nQll,N ......................... .. 
Bal, Aodr~a lrult t~ lo•) .................... . ,,,.,_ rrxJlans/6 ...................................... . 
Bal. Slngr,po,a roundlMI hc»Notio. .......... .. tlippo~ rid/tJyl ........ ................................ . 
Bal. V.ginle bljj ... ,ed ................. .. ............... .. Plecolv• town,endil "'11"""""' ............ .. ..... . B••· laluchlalM ......... ................ .... ........ .. .... . lhu, /IWMlaoo• g«J,o.i.oo. ...................... . 
Baa,. b1i>wn ................... .. _ .......................... .. . thut • rr:to, ~ ...................... ........... . II•.,. bf own .......................... . ....................... . tAiNn Mrtos .,-cto s .............. ........ .... ... ......... . 
B-. bto,,,nwptty ........................... ........ . 1,t,.•.,._.INl-11• /1,~I . 

Hl1toric range 
Venab<et• 

population whefe 
eodang"'ed or 

lh<Hlened 

lndooeala ................ .... ....... .............................. . Enllfe ... ......... .. .......... .. -.. 
.... .. do ... .. .............................. .. ................................ . do ......................... . 
Angola .................... ....................... .. .. ............... .. .... do ........................ .. 
Ctolna (libel Hlmalayu) ................................ ...... do ......................... . 
Veneiuele and GU)'ana to Algenllna ........... .. .... do ... .. ........ ..... ::::,. .. 
Argentina ........................... ..... .......................... . ... .. do ....... .. .. .............. . 
Somalia, Sudan. Ethiopia ............................... Somalia. Sudan, 

Elllk>pla. 
Southweale,n and C.nltal Aal• .................... Enlife ........................ . . 
Maleguy Republic (- M1d1gucar) ................... do ......................... . 

Maleguy Republic t-Madagucat) ................... do ......... ................ . 
lndoneala.................... .. ... ................................. .. .... do ......................... . 
Ethiopia ... ....... .. ............ .... .. .. ... ... .. ............... ..... ... ... do .. .. .. .......... .. ....... . 
AuallaNa ........................................................... . ... .. do .......... ..... ......... .. 
.. .. .. do ............................... ................................. ..... . do ..... ........ .. .......... . 
...... do ............................................................... . .. ... . do ................... :::: ... 
.... .. do .......................... .. ..... ............................ .. ...... . do ........ .................. . 
...... do ............ · ................. .......... ........... .. .. .. ....... ...... do ..... ................... .. 
Southeeat All• ....................... ... .............. .. ...... .. .... do .. ... .. .................. . 
Pepua N- Guinea.... .. ................................. .. . ..... do ..... .. ....... ...... .. ... . 
ThaUand....... ......... .. ........ .. ............................ .. .. .. .. .. do ........................ .. 
C.nllal and Soulheulern U.S.A................... .. .. .. do .. .. ..................... . 
U.S.A. (HI) .................. .... ................. ....................... do ......................... . 
Eulom and l.lldwealern U.S.A ........................... do .......... .............. .. 
Wula,n Pacific Ocean: U.S.A. (Guam) ..... .. .. ... . do ... .... ... .............. . 
Woalom Ped llc Ocean: U.S.A. tGuam, Guam ........ .. ..... .. ....... .. 

Rota, Tlnlan, Salpan, Aglguan). 
U.S.A. (MO, OK, AR) ...................................... Enll,e ......................... . 
Indian Ocean: Rodtlguea laland.................... .. ... . do ....... ................. . 
Malayala ..................... .... .......... .... ............ ........ .. .... do ............... .......... . 
U.S.A. (KY, NC, WV, VAi ...... .. .. .. .. ................. ...... do ......................... . 
kan, Pekl1lan........ ... .............. ......................... .. .... do .. .... . 
Olloa (libel) ........ .. ... .. ................. .. .................. Guam .. .. ................... .. 
Palaa,cllc .............. .. .......... ... .. .... Italy . 
l lolao r tln . .. II fl ~ 4ft 

c,,ole11nh ,uUI 
S11111 

Mexico ...................... .. Bea,, bro.\ or grlnly .................................... U-S..C. arr:to• ( - U.•. f>II/-,/) ....................... Holerctlc ............................ .............................. . 
1 .. , ., .. _ ........................................................ . C.,tor fil>M bJru/41 .. ............................... .......... Mongolia ......................... ............................... .. . 
BIIOl\ .-ood .......................... .. ........ .. ............... 8i,on lNson •V..bli,c,,. ................................. C.neda, No,t1iwe11a1n U.S.A ...................... .. 

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

Bobcat..................................................... ... .. .... F.il, NIV• •"""11,p;,• ............... .. .. ......... ....... Cenl<al M .. lco ............. .. ....... .... .................. . 
Bonleboll tanlelope) .. .......... .. ....... .. ........... .. .. . 0.trllJbcus .....,., .....,., .;......................... . 6outh Altlca ..................... .. .......... .. .. ............. .. . 
Camel, Bactrlan ................. .............................. c;.,,,.,t,. bl,,:,-..,,.,.,_,.,,_,,,) .. .. .... .. ... .. .. .. .... Mongolia, Q11na ...... .. ... .... .. ...... . .. . . ........ .... ... . 

Caribou, .-oodland .......................................... nang11., ,-,..,,,_,. c.,rC>ou ............................ Caned• , U.S.A (AK, 10, ME, Ml, MN, MT, 
NH, VT, WA, WII. 

Enlh ....... .. ................ . 
Cenede ...................... . 

Enu, . ............. ......... .. . 
.... .. do .. .. .. .. .. .. .. ......... . 
.. .. . do .. . .... .. .. ......... .. .. 
Canada (lhal pa,t 

of S E. Brit. Col. 
bounded by the 
Cen.•USA borde,. 

Sta­
tue 

E 
E 
E 
E 
E 
E 
E 

l 

E 
E 
E 

Wile<\ 
lalid 

3 

15 
15 
15 
15 
3 

3, 22 

3 
3 

3 
16 
le 
4 
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4 
4 
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3 

1311 
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1 
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150 

85 
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1311 
85 
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NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
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NA 
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NA 
NA 
NA 
NA 
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NA 
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NA 
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NA 
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E 128E, NA 
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NA 

NA 
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8obc•I .................................... ......................... . 
B001eboll t•n1•iop.) ..••...........•...•....•...•.......... 
Cemal, B•ckl&n ..........•..•..........•...........•......... 
Catlbou. woodland ..........................•.••............ 

~· 

Fe,_ n,,w HC""-• ... ..... ........................ . 
0.nwliecw cl,Jie41 l1otC4J . ....... .. ....... ....•... .. . 

c.m.w bllclt,.,_ I -/,;,rw) .................. .... . 

furf},1111 l&rlnwl C4tl00u . .•. ... .. .. .•. .•.•....... . ... 

Cat. An<Han..................................................... Fe/14 ~cclJilll .......................... ........................ . 
C.1. bl•cl..toou,d............................................. F•/14 ~ ........... ............ .......................... . 
C.t, llal·l-...•de<I................................. .. ........... F"'4 pianic~ ..................... .. ........... .......... .. . . 

g:~ =~·:::::::::::::::::::::::::::::::::::::::::::::::::::: ;:: =~) ::;~=:.::::::::::::::::::::: 
C.t. malbllKI .. ·······•·····························•············ F.u IN/TOOi i,. ........ ················ ········ ............. . 
Cat, P•kielan Mild... ....................................... F•/14 matf1'"" .cllllf1M ... ...... ....................... . 
C.t. T •mmlncl<"a 1-QOldan cal) ..... .............. Fm t11rntnincJ.I ..... ......................................... . 

C.1, age, .......................................................... . F.iia~ .................................................... . 
Q.amoia. Apennlne ........................................ . ~• n,piC4p(a oml/1 ... ....... .... ... ........ . . 
a-1a11 .......................................................... . Acilony.,r )ubltw ... ........... .............................. . 
Cllllllj)aNH .......... .. ....... ............. .................... . P,n vog~1.,, ... ... ............................. ........... . 
ClwnpaniH, pygmy ........ . ............................ . P111 P,IWCW ...... .. ... ..... .................................. . 
Chinclllu . ...... ................................................... . ChincniJi. Dlll'1C4UO.II ~ .• ................ 
C..et. M&l&bat l&t~apolllKI ........................ . .,,..,,.. IOOQ•JINl,a cl.wtlit11 ....... ....... ..... ..... ... . 
Cochl10 (-Gull ol C&lltoma Ntbof po,· Pt'"'°""' ....................... .. ............................ . 

polaa). 
Colobu•. Pt-.·, ,..i ...................... ............. . CQJobc4 """"" p,auul .. .............................. . 
CouQa,. eaolwn ............................................. . . Ftlli, ooncokx ~ .................................. . 
o.«, Baclllan ................................................ . c.,.,,. •ldplw t,,.ctri,nu, ........ ......... ..... ... .. . 
o..., ea-an ......... .... .. ........ .. ........................ . Am 1-C...W.) porclr"4 kllh/l ......... ........... . 
o.... e.,w,y ................................................. . C.,.,.,.•~"""""'· ··· ···························· 
0..., C..O,oe &eland mul• ............................. . ~ t>Bmionu, ctHko,.,..;, .............. . °"'· Columbian """1•16111d ............ ........... . OrlocciJBw wQinienu, ~ ................... . 
o.er. Conican r..i ....................................... . c.,.,.,. •""""4 co,-,.,,, ... ............ ... ......... . 
0..., Ekfa ll<ow•anllerlKI ............................. . C.,.,.,.1k11 ... ......... ..... ... ..... .................. ........... . °"'· fo,,noa.,. ....................................... .. c.vwnwon11iouenu, .................... .......... . 
0..., hog ........................................................ . ..uJI I -C...W.> po,r,nu,, ,.,.,..,,_ ........ . 
0..., k-V······· ..................................... ............ . OcJoc:clk,ua Wp/llJ,llllM ,11......,, ...... .............. . 
0..., marah .......••......•.. ·-····· ...................... . Bil11""41f\4 <Xholomw ................. ......... .. .... . 

0 

C.n1.tet Me•lco .......... ................ .. ............ ...... . 
6oulh AlrlC& .......... ......... , ................. ........ .. .... .. 
Moogoha. Chine ............................................ . 
c.n,a.. U.S.A. (AK, IO, t.lE, Ml, t.lN, MT, 

NH. VT, WA, WI). 

Cllll•. Peru. BOIMa. Ar11•nllna ................... . 
Soulharn Alric• ............................ ... . 
M•laytla. lndonaala ...................... . 
Japan (loomole lal•ncl. R~vu laland,) .... .. 
lndJ•. Soullleul Alla ... .. ............ .......... ......... . 
Nap•I. Soul/\Htl Alli•. lndooaala .......... .... .. 
P•IJllan ........................................................... . 
Nepal, Chl,,a, 6oullleul Aala, lndoneaJ• 

(Sumall•). 

Enlll• ......................... . 
.. ... . 00 ..... ........... ....... . 
.. .... do .. ....... ............ .... . 
Canad• (11\al p&ll 

ol SE. BIii Col. 
bound•d by Ille 
Can.•USA bo<do,. 
Columbia R., 
Koo••n•v R., 
Koo1onav L .. and 
Koo11n&I R.). 
U.S.A. (10, WA). 

fnlira .............. ... ....... . 
... ... 00 ........ .. ......... ..... . 
..... . do .. .................. .... . 
...... do .. ...................... . 
.. ... . do ...... ............... .... . 
. ..... do ..... ... ... .... ......... . . 
.. .... do ......................... . 
. ..... do ........... ......... ... .. . 

Coaia Rica 10 110flh41111 Argen11na................ . . ..... do .. ... ... .......... .. .... . . 
llaly ...................... ............................. .. .... ... ....... .. .... do ......... ....... ..... ... .. 
Ahle& 10 111:jja ................................... ............... . ... .. do ... ....... ......... ..... . . 
Wo,el and C.nllal Alric&....................... .......... . ..... do ...... ..... .... ... ... .... . 

2•"······················································ ·· ·· ········· ...... do .. ............ .......... . . 
BoUvia ................. .................... ........ ........ ...... ... . ..... do .. .. ..... ............ ... . . 

lf\di• ·································································· ...... do ..... ... ........ .. .. ... .. . 
Muxlco (Gull ol Calilomla) ............ ................ . ..... do .. ....... .. ... .... ... .... . 

C•m•roon ........................................................ . ..... do ...... ....... ... ...... ... . 
e .. 1ern NO<lh America ......................................... do ... ...... ... ...... ....... . 
U.S S.R., Alt1h•nl•lan .......................... ........ ... . .. ... do ........... ... ........... . 
lndon• .. • ·· ·················· ..................................... . ...... do .. ... .............. ...... . 
Mo,occo. ·'l"unlel•. Altlarla ........... ......................... do ...................•...... 
Mexico (Cedro, laland) .................................. . ..... do ....... ...... .... ... ... .. . 
U.S.A. IWA. OR) .•••.•.•.•..•......•. ....•................... . ..... do ....•...........•......... 
Cortie•. Sardinia ............................................. . ..... do ... ...... ..... ........... . 
lt\Olo 10 Soulll.,.,1 All• ·······••·••······················ .. .... do ..... ... .. ............... . 
Taiwan ............ ..... ....•...•.•...•.............. .. .............. ...... do .... ......... .. .... ...... . 
T h&ilancl, lndoclllna .•.•.................................... . ..... do ......................... . 
U.S.A. (FL) ........• ..•....••..• ........................•..... .....•.... do .......•••.•.............. 
Argonuna. Un.y,av, Para11ua1, BoUvia. . ..... do .....•.................... 

Bra:d. 

0..., l,lcNl,jjj·············································· C.,....,, ~ ~ ............................... Ctolna (Slnluang. T11>411) •••••••.. •••• ••••• .•.••••••••••• .•. •.•... do ............ .. ........... . 

E 16 
E 16 
E u 
E l211E, 

l36E. 
1•3 

E 15 
E 15 
E 15 
E 50 
E 15 
E 15 
E 13& 
E 15 

E 6 
E 16 
E 3. 6 
T 16 
T 111 
E 16 
E 50 
E 16& 

E 13& 
E 6 
E 50 
E 3 
E 60 
E 10 
E 1 
E 50 
E 3 
E 60 
E 15 
E 1 
E 3 

E 3 

NA NA C ,: 
NA NA in 
NA NA 
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~ 
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:.; • NA NA 
VI 

NA NA • NA NA f NA NA 
NA NA ':j 
NA NA .. 
NA NA • .. 
NA NA 

ii" .. 
NA NA 
NA NA 
NA 11 401CI 
NA 11 40(c) 
NA NA 
NA NA 
NA NA 
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NA NA ~i. 1 
NA NA Ii : ' 
NA NA .ij 
NA NA 

~"f; NA NA 
NA NA 

'!1 
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NA NA , .. , 
NA NA 

: •, ., ' 
NA NA ··' 
NA NA •' 
NA NA 
NA NA I ., 
NA NA 

'°' NA NA ... 
="' ... ... 



SpeclH 

Hiel0<lc ta"941 
Common name SclenUllc name 

O.e,, muak ...... ................. .. ....... .. .................... Moschu• opp. (1II ape<:181) ..... .. ............ .... .. . Cenl,al and Eul Asia .. . ........................... .... . 

0..., NOflh China Ilka.. ..... ........ c.,..,. ~ m.1/lCUmvo ......... .. ... .. ... .. .. .. .. 
Dee,, pampu .. ... .. ..... .. .... ..... ...... ... ... ..... ......... . Cno/oc,J(f)• b6zc>articu, ........... .. .. .... ......... .. .. 

Dee,, P1r•lan 11ll0'# ... .. ....... ........ ...... ........... . . 
Dee,. Philippi,,. . .. .. ..... .. ....... .. ...... . 
0Ht. Ryukyu 11ka .... .. .... . 
0..., S/lanal Ilka ........... ......... . ...... .. ........... . 
0Ht, South Chino 1lk1 ... . 
0Mt, aw1mp ( - b••aslngha) .. . ............ ...... .. . 
Dee,, Y11kand .. .... .. .. 
()hole (-Aai11lc wild dog) ........... . 

Oibbl0t .......... ....... .. .... ................. ... . 
Dog. Al•lcan wild ........................... .. 
o,111 ...... .. ....... ........ .............. .. ........................... . 
Ougong ...... ................. . 

[)ulke,. Jenllnk·1 .. ... 
fl1nd. Wealem gl1nl 
Elephanr. Al,lc1n ...... .. 
Eleph1nl. Aal1n .. .. .. .. .. .............. . 
Fe,rel. black•loolod .... ... .... ......... .. 
Fox. N0t1hom twill .... .. .... .. .. .. ..... .. 
Fox. Son Jo1quln kil... ........... .. 
Fa<. Stmie~ .. .. .. 
GueN1. C•ot1<·1 (- Oib1lag) ..... .. 
G111lle. Cuviet·t ...................... .. 
G11ell1. Mhon .......... ................. . 
Guell1. M0<occ1n (-Ootcae) 
G111lle, Rio de 0,9 Dama ...... . 
Guell•. lvablan ... ... ... ..... ... ........... ... ..... .. ....... . 
G111ll1, aand ....... ........ .. ....... ............ ... ........ . .. 
G111lle. S1udi Atablan ..... ...... .. ............... . 

a,,,,. cum. ,,,.,sopo,1mica ...... .. ... ... .... ..... .. . 
Airu <-~> pomilf.lO ui.m;.~nsi, .. 
C..rvu, nf'POI) A «.m•• 
c.nv.nf'.¥'()(1g11u,~nu• ... .. ........... .. 
C«>i4 nippon Aopschi .. ................... .. .......... .. 
C«>t4 tlw11,u6 .. .. ... ........ ... .... ........ ......... .... . 
eww, 1/ap/lus yat1,1ndonsio ................... . 
0..,.,1pnu, ...... ...... .... ......... .. .. ... .... ........ .... ... . 

MltKhinul opic,lliJ ....................... ................. . 
Lyc,,CX1pic11J• .... .... ... .. ................ .......... .. .. .. .. .. . 
p~ ~ucoplll,BIA .................. .... ................ .. 

'¼l<>nptlvf/on ............. .................... .. ... . 

Ct,p/11,Joplk.d Jtmtinltl ..... ................ .... . 
T11.Wt119us dtJ,t...nua OtlftHIIIIUI .. ............. .. 
LoxodCXIII 11ric1,04 ....... . ..... .. .. .. ...... .. .. . .. .. . ... .. 
Ek,p/l•• m&J<imu, .... .......... ................ ... .. ....... . 
Mustol.o n,p,;,,,, .. ............. ............................. . 
Vupo• ,..,k>, htlt»1 ........ .......... .. ............ .. .. .. . 
Vu~• m.oaoo, mur.:1 .................. ..... ......... .. 
C4nia ,s-n-,.., """1mi1 ............. ............. ... . 
~,ci.t1,t11 .... ... .... ......... .................. . 
Gu1/11 CIMlri .. ................. ... .. .. .... .. .............. .. . 
Guell.I dJlm• mllOfT ... .... ... .. ... ....... .. ........ .. ... .. 
Gueii. <torco• m.osu•s~ ....................... .. 
Gui/14 dim. lo11nol ...................... ............ .. 
Gu.II.I (;&nli. . ........................................ .. .. .. 
Gueli. wt,gvtrvrou m.tt:. .............. ......... .. 
Gu./14 <lore•• ui.or• ............... ................. . 

Ou1lle. Ptlnln·t .... .. .. .. .... .......... .. ........ .. ...... Gu•/41 00,,:01 p,1/l'e/nl .. ................ ...... ...... .. .. 
Guelle. tlende,•hom•d I-Rhim) . Guo//1 #plOCt1<01 ... ..... .. .. ....... . .... .. . .. ..... .... . . 

Gibbon1 .............. .. .. ... ~I•• app. (lllCludlflU Nom,.cwl ....... . 

Cl~n1 (Sl\anlung 1nd Chlhll Piovlnc11) ...... 
Brad. Algenllna. Urugu1r. Bolr;i1. Peta· 

guay. 
l,eq. 1,10 .. ...... ............ .. ... ... .... ... ... .. .. .............. .. 
Philifplnot (C1lamlan ltlanda) ........ .. .... ...... .. 
Japan (Ryukyu lalands) .......... ... ... .... .. 
Chino (Shanti P,ovlnce) ........ .... ... .. ............. .. 
Southom Chino ... .. .... .. .... ..... ... .... .......... ... ... .. 
India. Nepal .................................................... . 
Chino (Sin,<lang) ........ .. ......... .. , ... .. 
U.S .S .R., K0<oa. China. India. Southeul 

Asl1 . 
Auslralla ........................ .. .... .. ............ ......... ..... . 
Sub•Saharan Ahlca .. ....................... .. ..... ... .. ... . 
Equalo,lal Wesl Ahlca ... .. .... .. ........................ . 
Easl Al,lca 10 toulhem Japan, li'lcludlng 

U.S.A. (T1u11 Terrllorios). 
Siena loon•. llbe,la. lvo,y Coul.. ............. . 
Senegal 10 lvo,y Coaal ............... .... ....... .. ..... . 
Alrica .. .................. .. ...... ................... .............. .. . 
Soulh·cenlral and Soulheut Asl• .. .... .. ...... .. 
Woslem U.S .A., Western C1nada .. ......... ... .. 
U.S .A. (nOflhem plalna) , Can1d1 ... .. ...... ...... . 
U.S .A (CA) ..... ......... .... ........ .... .... .................. . 
Ethiopia ... ................. .. ...... .. ...... .. ..... .. ..... ......... . 
Som•II•. Elhlopla ...... .. ............. .. ........ .. ..... .. 
Mo,occo. Algeria. Tunlal1 ............. ........... .... .. 
M0<occo .... ... ....... ... ... .. .. .. . ... ... ...... ..... ..... ........ . 
M0<occo. Algona. Tunlala ... ...... ........ ..... ..... . .. 
w .. 1,m Saha,a ............................................ .. 
At1bi1n Ponlnaula. PalHUne. Sinai ............. . 
Jordan, Ala~an Peninsula .... .. ,. 
111 .. 1. l,aq. Joul•n. Syria. lv1bl<ln P•flln. 

aula. 
Somalle .. ............. ..... .... .. ... ... .... ........................ . 
Sudan. Egypt. Algeria. Lt,ye ............ ........... .. 
China, India. So.lttieut Alla ... ..................... . 

VM!ebfale 
populellon wtle,t 

endang.-ed o, 
llvealened 

Afghanl1l•n. 
Bhutan. Bunna, 
Clllna (Tlb<I~ 
Yunn•nl. India, 
Nepal, Paklalan, 
Sikkim. 

Entlt• ... .. .................... . 
... .. . do ..... .. .................. . 

...... do ... ...... .. .............. . 

...... do ....................... .. 

...... do ... ..................... .. 

...... do ..... .. ... .............. .. 

.. .. .. do ............... .. ....... .. 

.... .. do ......................... . 

...... do ........................ .. 

.. .. .. do ............ .. .......... .. 

.. ... . do .. ....................... . 

. ..... do ......................... . 

...... do .................. ....... . 

. ..... do ........................ .. 

.. .... do ... ...................... . 

...... do .......... .. ............ .. 

.. .... do .... ..... ................ . 

.. ... . do ...... .. ............... . 

.. .... do ..... .......... .. ....... .. 
C.n1da ....... ..... .. .. ...... . 
En11t1 .. .. ... ....... ........... . 
...... do ............... .... ...... . 
...... do ................... • ... .. . 
...... do ........................ .. 
.... .. do ......................... . 
...... do ................. ........ . 
...... do ........ ............. ... .. 
..... . do ... ..... .. ..... .......... . 
...... do ......................... . 
... ... do ............... ......... .. 

...... do ......... .............. .. . 

.... .. do .. .. .................... .. 

.. ... . do ......................... . 

Ooal. wild (-Chlll•n matkhot) .... 

Oo,al . I 
c.p,. 11>g-,,n,1 < -talcof>«I dtllr,,,.,,.,,1 I SoulllWulem A111 . . ......... . . ... ..... ......... , o.i.11 Range of 

••••-c•nual 
N~ • ..,4 ·• ,., ,,_ , ,.. • P1kl11an 

Sia· 
lua 

E 

E 
E 

E 
E 
E 
E 
E 
E 
E 
E 

E 
E 
E 
E 

E 
E 
T 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 

E 
E 
E 

When 
hied 

50 
15 

3 
15 
50 
50 
50 
3 

50 
3 

4 
138 

10 
4 

50 
50 
40 
15 

I, 3 
3 
1 

50 
3 
3 
3 
3 
3 

50 
50 
50 

50 
3 

3. 16 

-:-,a ... -
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(•) 

~ NA NA 
NA N" n NA NA "" NA NA JQ 

NA N" p NA N" 
NA NA 
NA NA 

~ 
NA NA ... 
NA NA p 
NA NA ... 
NA NA 

~ NA NA 

NA NA 
m e: NA NA .. 

NA N" 0 
:a ...... 

NA C 
in 
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--- --- - -·---------- ----

Go.I. w~<I (•C/Mllan mll~hof) ................ ...... C.,,,• •llf}a(JIW I •leONWI/ CIM/llll'>fl-1 ) . SoMLhwH•a,n Mia ................ .. ...... .......... ....... . 

Go, al ............................. .................................... N11mor/"II/Klw fl(X ,J ... .... .... ....... ............ .. ... : .. . Eul Alla ... ..... ..... .. ..... ...... . ............ ... .. ........... . 
Qo,llla ..... .......................................................... Gorilla p,1i. .. . ........ ... ....... ........................ . Canual and Wa1Iwn Africa ......................... . 
Ouallal~ tu, 1111 ................... .................. .. NCIOCdp/"lllu1 IOwnund ....................... ....... . US A. tF111lloo laland• ol CA) IIOULh lo 

Maxw:o (••••• Res•l•g,ga<l<l) . 
H111. hl•pkl .................................. .................... C,.proia/}UI ~ ············ .. ······· ··· .. ·········· ·· 
Han•b<oall. Swayne•• ......... ....................... .. .. Ak:11/apt,u, 1:J<i,111~ iwey,-..1 .......... ........ . 
H1r11 1>1111•. T 01 & .. ..... .. .... .... . .. .. .. ..................... Ak:•IApl>ul l>ulllAp/We '°'' ........................ . 

India, N•pal, 81\ulan ... ...... ................. .. .......... . 
ELhlol)la. Somalia .................... .... .. ...... ......... .. . 
flhk>pla , Sudan, Egypl .............. .................... . 

Hog. pyg~ ...................................................... Su, M N lfllUI ..... .. ...... ..... .. . .............. . ..... ...... . 

Ho<H. Pn ......... s........ .................................. Eqw. pn11 .. ·e1,k11 .. .................................... ... .. . 
lno,a. Nepal, Bn..ian, Sll.klm .... ......... .. ......... . 
MongoUa. Chltla ............................................. . 

H"8mul. Notlh An<lean .... ... ............ .. ........... .. Hippocemaw en1, •• ru1, .......... ............. ...... . EcuadOI, P-,u, Chile, Bolivia, Atganllna ... .. . 
Huemul. So..111 Andean .... ..... .. ............ .......... . Hj,poc•""''"' blsulc<4 .... ... .............. ....... ...... . Chila, Arganuna ....................... ....................... . 
HuUa. C1blll1•1 .... ...... ... .............. ................... C4p,omy, lflf/llblxwlJ .................. ........ ..... . Cuba ........................................................... .. ... . 
Huua. llwllf................................. ..................... wpromy, """' ········ .. ····· ··· ·· .. ········· .. .. ··········· · ... .•. <10 ..... ............ ......... ....... ............ ......... ......... . 
Huue. 1&1~.a ............. ; ............................ wpromy• e<L1tw ........................ ...... ............. . 
Hulia. kllll IAM ... ............ ........ .. ..................... c.p,~ u n /11/~(U4 .................... ........... . 

... ... <10 ...... ..... .... ..... ................. .. .... ...... ..... .... ..... . 

.... .. do ............ ............. ...................................... . 
Hy•n•. Batb&ly .................. .............................. HyH/ll llr••n.o o.,o.r, .... .. ....... ................... . M0<occo, Algana, Tuniala ............................. . 

Hy•n•. blown .................................................. Hy,.,,. "'""""'·····•················ .. ······················ 
11><1•. Py,1na.o .. .............................. .. ... ......... .. C.,,,1 py,r1n.oiu py,Meic4 .......................... . ~:~.~.~'.'.1'.'6-.:::::::::::::::::::::::::::::::::::::::::::::: 
Iba•. Walia .... .. ........ .......... ....... ..... ...... ......... .... c.,p,-. ,.,Aioo .............. ............. ......... .. .. .. ....... .. .. . EII\IOpla ................................. ....... .. ...... ...... ..... . 
Impala. blaCk·l&c-4 ... ... .......... ... .. ......... .. ....... .. A•p~ -i.- ,,.,.,sJ ...................... . N1101bla. Angola .. .......................................... . 
lndtl .................... ........ ....................................... k>:Jri indn t-anura ganua) .......................... . 
Jaguai .............. ................................................. Pen//18r1 once ........ ......... ......... .............. .... .. . 

Malagaay Rapullllc (- Mad1g11carI .. ........ . 
U ~A. (TX. NM. AZ), C. and S. Ame,lca .... . 

Jaguarundi ........... .................... ......................... Fdlil y,g.,wro.,,>di ucomitM .. ....... .............. . . U.S.A. (TX), Me><lco ................ ....................... . 
Jaguaiundl ............. ........................................... F11lu )'""°"""'""'u /osu/1 ... ...... ... ....... ....... .. Ma•lco. Nlc111gu1 ................ .. .. ....... .............. . 
J1gu1rundl................. ...................................... F111., r•~roundr µ.n.om.,rwa ................ . Nw:11agu1, Coate Rica. Panama .................. . 
Jaguarundi ............. ........................................... Fai., r •IIO<Woundl loll- ....... ............. ........ . U.S.A. (All, Me><lco .... .................... ............... . 
Kangaioo. 11••wn g,ay.................................. U..aopw 1/loJMnl~ (all IIUDlj>4lCHI• Au•lralia ..................... ..................................... . 

axcepl Usn14,w11si.,) . 
Kangaioo. 114 ...... ... ............... ....... .............. ..... Aucrop<1, IM~ /,,JJA) fl,/iJI .. .. ........... ..... . .... . ...... do ............. ..... .... ... .................. ................... . 
Kang1100. Taamanian l01H•11 ...................... M,cropu, 11Jrlantuu1 le,meflldnsi, ... ..... ... . .. Au11rao1 (Taamanla) ...................................... . 
Kang1100, waa•wn gray ...................... .......... M,aopu, h,J.,;inosw .................................... . Aualralla ........ .. ..... .. .... ........ ....................... ..... . . 
Koup,1y ...................................................... ..... . Bo• uW>J/1 .......... ........................................... . V,etnam, Laoa, C.mbo<lia, Ttwlan<I ............ . 
ungu<. cappl<I ........................... ................... Pr11;byt11 p,lta,11 ... ............. ........................... . . ln<aa. Butnl&, Bangl•<l .. l1 .... ............... ........ . 
langut. an••Mue ............................... ............... Pt"Hbyu, .,,,,,,iu, ... ............ .. ... ... ................. .. . Ctllna (Trt>e•). India, Pahltlan, Kutvnlr. 

Sn Lanha, $oh)Jm. 11111111•.i.ah. 
Langut. Douc ..... .. ........................................... PyfJO//VIX fk,fflOflUI ............ ...... ........ ... ..... ..... . C.mbo<lia, Lao,. VI.IRIIO ...... ... .............. ...... . 
Longu, . francoia· ............................................ P111wyw h nco,>J .. ....... ... ........ ................ ... . .. Cl\lna (K,.ang•I), lndochrl\a .... .... .................. . 
langut. gol<Mn .............. .................................. PIHIJyt,1 fJM ........ . ....... .. .. .... ..... ..... .. . . India (A1um), Bhu•an ................................... . 
Langut. ~la•l•d .......................................... l'rfli1J)1"' pottHll~,v ...................... .. .............. . lndof,e•la ........... ...................... ..... ... ........ ... ... .. . 
langut. Pagl l1lan<I ......................................... Nauh <S,miu) conool(x ..... .. .. .......... ......... . .•.•. . <10 ...... ...... ...... .. ..... ..... ......... ....... ... ............. . 
Langut , pu,plo·IOCl><I ........ ........................... .... Pra:ibyt,I Ul'>flJI .. ....... . ...... . ....... .. ... ..... .. ... ... ... . Sit la~• (-Cllylon) ..................................... . 
langu,, Ton.in 1nu1>-noHd ........................... l')v• trvix (Rlln>µllllilcwl awnc"4J/A .... ..... .. VMIIO&m ... ................ ............................... ......... . 
lacl\wa, ,.a..................................................... KOl>UI #CM ... ....... ..... ........... ..... ... .. ......... ...... . . Southern Alrlca .............................................. . 

Cl\ll•an Rang• or 
we111l -cen\lll 
P1h11lan. 

Entua ......................... . 
··· ···do · ........ ....... ......... . 

······dQ··· .. . • .. .. . 

...... <lo .......... . 
... do ....... .................. . 

. ..... do ......................... . 

... .. . dQ ... .... .. ..... .... ... .... . 

•••• •• <10 .. ............ ........... . 
••.•• . <10 ......................... . 
••.••. <10 ...................... ... . 
. .. ... do ....... .................. . 
...... do ........ . 
.•• .•. <10 ......... , .. .•••••••••••• . 
...... do ........ . 
. ..... do ......... ............. ... . 
..... . do ..... ... ..... .... ........ . 
. .... . do ..................... .. .. . 
...... do .... .... ......... ..... ... . 
.. .... do ........................ . 
...... do ......... .. ............. . 
Maxlco IIOULhwatd ... . 
E111u1 ......................... . 
••••• . <10 ......................... . 
...... do ......................... . 
... ... do .... ..... ................ . 
.. .... do .................... : .. .. . 

··· ···do········· .. ···•·· ... ···· ·· 
. ..... do ......................... . 
... ... do ... ........ .... .. ....... .. 
...... do ..... .............. .. .... . 
...... ® ...... . 
.... .. do ......... ........ ...... .. . 

.•••• . <10 .......... .. .... ........ . 

...... do ....... . 

... ... do ..... .. ............. .... . 

..... . do ... .... ....... ... ........ . 
. .. do ......... ... ........ .... . . 

.. ... . do .. ...... ... ....... ...... . , 

..... . do ......................... . 

.. .•.. <10 ......... .. ....... ... .... . 

f 

E 
E 
T 

E 
E 
E 
E 
E 
E 
E 
E 
E 
e 
E 
E 
e 
E 
E 
E 
E 
E 
E 
E 
E 
E 
T 

T 
E 
T 
E 
E 
E 

E 
E 
E 
T 
E 
T 
T 
T 

--- --·------
\ 

15 NA NA C 
!" 

15 NA NA "II ;• 
3 NA NA :r 

a12 NA 221.11 
Q 
:::I 

16 NA NA 0.. 
3, 50 NA NA 

~ 60 NA NA 
3 NA NA !!: 15 NA NA 

15 NA NA 
:.; ,. 

15 NA NA 
I.II 

233 NA NA ,. 
233 NA NA l· 233 NA NA 
233 NA NA 

:i' 3 NA NA 
3 NA NA • 3 NA NA 

... o· 
3 NA NA .. 
3 NA NA 
3 NA NA 
5 NA NA 

15 NA NA 
15 NA NA 
15 NA NA 
15 NA NA 
7 NA IHO(a) 

1 NA 17.•0(a) 
e NA NA 
7 NA 17.•0(a) 
3 NA NA 

15 NA NA 
15 NA NA 

3 NA NA 
10 NA NA 
IS NA NA 
10 NA I7.•0(cl 
3 NA NA 

10 NA 17.•0tcl 
1e NA 17 •O(cl "°' 3. 15, NA NA .... 

IOCI ;-.. .... .... 

I 



.. 

-:i 
();) 

• 

- - - -

Specle1 

Common narN 

lemu,1 .. . : .... ................... ...... .. ...... . . 

L.i,p1rd .. .... ..... ... ........... ......... ... .. ....... ........... . 

Do ........................................... . 

Sclonllllc n1m1 

l1murld11 (loci. Chowogaloid11, lopile­
murldH); au membero of gene11 
L t1mur, P,..n.,, H"P•ltlmur. hpilemur, 
1,1,croa,/Ju._ Alloc.w•. Ct>.i,ogalav•. 
V•t«&I . 

P•nthM• PIIMI• .. .. .... .............. .......... · 

t=~::E:z::::::::::::i::::: ::::::::::::::>::· 1:2r~::::: :::::::::::::::::::: :::: .. 
lion, Aal1llc ............. .. .. ............. .. .. ...... ...... .. .. P•ntl>Br• ltHJ fHll'SK;lj .. .... .. .... .. . 

Lons. lester alow .............. .. .. ............... . Nyc/ict1bu• PYfJffldtlll. 

Lyn•. Spanlah ... ...... ......... . Ft10. ( -Lynxl pt1rrlillll ....... . .. .. ............... .. . .. 
M1c1que, Formosan rock ...... ......... .. M•caca cyclopi• .......... .. .. 
Macaque, J1p1neu .. ...... ............... . 4/acac• /tJscat• 

M1c1que. lon•lalled....... .. .. ... ....... ..... ...... ... .... Al•cac• sii.nu, .. .............................. ... . 
Macaque, llump•lall..i ........................ ..... ...... 41•caca vcloldtl• .................................. . 
Macaque. Toque ........................... .. ............. .. Mac.ca Jina ....................................... . 
M1n1IN. Ama,oolan ........... .. ..... .. .................. TrichtK:hv• lnu"flul• ................. .. .. ....... . 
M1nalN. Wut Alrlcan............... ................ ... . Trlch«hvl H""fl•lt1nsi, .. ................... .. ..... .. 

M1NIN. Watt lndi1n (Florld1) ................... .. I T~ nMlllllv• 

Mandrill .... ..... ...... .. ............................................ P6/)lo ,pNn, ............... .. .......... ............... ........ . 
M1ng1bey. Tana Riv-, ............. ..................... . C<,,roc,,bul g•lerit11, .. .. ................................ .. 
Mongabey, whil1-coll11ed ..... ... ...................... C.~ /Qv<Nll11• ........................... ........ . 
M1rg1y ........... ........ ......... ............ ................. .... . F•tn wHKli/ ..................................................... .. 
M11khor, Kabll .............. .. .. ... ...... ............. .... .... c:.p,-a l•lcontHI megac.,,w ......................... . 
Markhor. lkalghl·horned .. .. ....... .. ... ............ .. .. c:.p,-a lalcontlrl j,Hdonl ............. ................ .... . 
Marmoul. buff·h•aded ................................. . C.llilht/Jt flatilctlp• ............. .. ...................... ..... . 

Ma,moHI, t..,tfy •••'1ed·•., .... .... .... ... .. .......... . 
Marrooul. COlton•ICp ...................... .. .. .. ....... . 
M11mou1. Oookli·• .................................. .. 
Marmot. V1ncouvlf leland ........... . 
M1,1upl1I, a11lem ~ 
~1, 1upl•l -rru'\11 • • 1, ,, . • ..-. ... • 

c.1~/hrii, ;.cchu• •vnl• . .. .... ................... .. 
Sagvlnin o«ltpu• 

wlllmi."O go,,lcJii ...................... .. .............. .. ... . 
M•rmct• v•nc'OIN.,-•nM .. 
Ant.chlr>Omyo i.n~,., 

Vorlobr1l1 
population whore Si.• When HltlOllc 1ang1 I 1od1ng1r od or "" 

.. ,.., 
lhreatenod I ~. 

M1l1gasy RepubMc ( M M1dagasc11) ........... .. .... do .. .... ..... .... ..... .... .. e 3. 15 

Alrlce. Alli .. ........ ................... .. ... .. ... .. ........... . . 

Soulheul 1nd 1oulh-cool11I Aal1, lllw1n .. 
Conkal Alli ..... ... .. ...... .. ..... .. ...... .. ............. .. .. .. 
Nep11. A111m. Vloln1m. Cambodia, laoa. 

0urm1. 

Wh&r&ve< lound. 
IKC&pl where II 
ilhlodU 
Ttv111aoad u 
eel fo,th below. 

lo Alrlc1. In Iha 
wlkl. eoulh of. 
Ind locludlng. 
the lollowlng 
counldea: 
Gabon, Congo, 
Zal,e, Ug1nd1, 
Kenya . 

EnlM'e .. . 
... . do .. ........ ... .. ..... . 

.... .. 00 ................. ....... .. 

Turkoy lo lndle ............. .. ............. ....... .... ............... do .............. .. ........ . . 
lndochlne ..... ........ .... .......... .. .................. .. .. .... ....... .. do ........ ................ .. 
Sp1ln. Porlog .. .................................. .... ... ...... . .... . do .. .... ......... .......... . 
T1lw1n .......................... : .......... ............. .......... . .... .. do ..... ................... . 
J1p1n (Shikoku, Kyuohu 1nd Honshu Is· .. ... do ...... .. ...... .......... .. 

lands). 
lndl1 .. ... ..... ....................................... .. .............. . . .... . do ........................ .. 
lndl1 (Au1m) to eouthorn Chin• ...... .. ........ .. ...... do ................... .... .. . 
Sn unh (-Ceylon) ....... ........ ........ .. .... .... .. ...... do .. ............ ... ...... .. . 
South Amorlcl (Ama,on River Duin) ....... . ... .. . dr> ............ ...... ... .. . 
Wul Coul of Alric• from Senegal Riv-, ...... do ... ........ . 

lo Cu1N1 Riv., . 
U.S .A. (aoulhoasllm). Ca,lbbean SH. I ...... do ........... .. ........ .. 

South America. 
Equ1l0<l1I Wost Africa ................................... . ...... do ........................ .. 
Klllj'I ... ....... .. ........... .. ................. .. .. ..... ........... .. ...... do ................... ...... . 
Senegal lo Gh1na; Nlger11 lo G1bon ........ .. ..... . do ......... ...... ... ....... . 
U.S .A. (TX), C. 1nd 5. Ame,lca ....... .. ......... .. . M .. lco aoulhward .. .. 
Algh1nlt11n. P1kl1lan ... ... ..... .. ... .................... . Enll,a ............... .. ....... . . 
.... .. do ..... .................................. .... ..... .. ..... ... .... .. .... .. do 
DruM .. ................ .............................................. . ...... do .................... ..... . 

·--·1 · ... do ··· ........... l eo,11 Rica lo Colombia .. .. ...... .... .............. . .. .. do . .. ......... . 
0rad. Colombla. Ecuador. Paru. Bolivia . .. do . .. . . ...... . 
Canad• (Vancouver laland) do . . . . 
A111t,11II• 

.. .. do 

E 13, 6,114 

T I 3. 6, 114 

E 
E 
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E 
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E 
T 
T 
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T 
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e 
E 
e 
e 
E 
E 
e 
E 

i l 

3, 15 
6 

15 

3 
II 
3 

18 
18 

3 
II 
II 
3 

62 

1, 3 

18 
3 

18 
5 

15 
15 

138 

2331 18 
3 

11Q 
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13a 
N"I N" 
NA 

Ma1mou1. butly luh•d·Ht .... ......... ............... C./IJI/VIJ< ~ ,;cllv• •ur1UJ 

MaimOHI, COIIOO-lop ... ........ .. ..... .......... .. ....... S,,f1vinul O<Niipul ......... . 
M11mou1. G~kli·a ........ .... ............................. C.lllmico flO"lcJil .. . .......... .. ...... .. ......... .. 
Ma,mot. v.ncouv., l1taod ........... ..... ............. M•r1T>Ot• ..-,ncou..-Br•n~ .............................. . 
M111upial, 4tlllte,n tetboa ... ................... ,....... Ant.chinatny, Ynig.t .. ...... ...... ................... .. . 
Ma,auplal-mouH . latg• dHarl ...................... S,,11111/lop.;. pummopllil• .. ......... .. .. ... ....... .. . 
Ma, 1upial•mouH, long·lailad ......................... Sminlf>O(>.;. /on/J.:1...a.11 ..... ............. .. ........ .. 
Ma11on. fcwmoaan ~llow-llVoalad ........ ....... -iu /IA"\}~ cl>r,~11 ........ . 
Monkey. bl•ck colobua .. .......... ...................... C,o/obu4 ut,n,1 .......................................... . 

Monkay. black howhw .................................... Alow,n, p"Jr• ............... ............ ..... ... . 
Monkay Olan, ................................................. C.,copl11>1ev1 (Jjjjn, ..................................... . 

Monkay, howle< ........................... 1 ................... AJown• pall1•1• ( - ••ioMl ............ .. ..... .. ... .. . 
Monkey, l 'ho<la(a ... .. .. .. .................................. ~ Jr,o,,sti . 
Monkay. Prouu• ,..i colobua ........................ Colotiw o,a,w pr,,.,..>i ............. .. .. 
Monkey, p,obOacia .......................................... ~u,li111rv,tu1 ... .................. .. ..... . 
Monkey. r.cl ·back.-1 equlu.i ........................ . S,,Jmlrl o,ir>IIK1il ............................................. .. 
Monkey. IOd·balliad ........................................ C.,ccpitll«u• Mf'//lltoflUIIN ......... .. .. ........... . 
Monkey. 1.cl•a11ad noaa-aponad .................. C.,copill>IC14 •ryt/Jftl/11 ............................... . 
Monkay, lflkl"' ................................................ Ala/iii 11001/royl lront,1u1 .................. .... • .. .. ... .. 
Monkey, epkl ... ... ... ........................................ .. Atai<J1 (l80flroyl panaman~ .................. .. .... . 
Monkay, Tana Alv0< rad COIObua .................. Colobu1 f1J/om,/11tus ( - o,<11u1l flJlomt-

Monkoy, woolly apklat ......................... ......... .. 
Monkoy, yollow-wlad woolly ....................... .. 
Monkey, 2alllibat rad colObul .............. ...... .. 
MouH, Aloboma beach ............................... .. 
Mou11. "uauallan naih, . .............................. .. 
Mou••· Au1llalian nab-,1 .... .... ... .............. , ..... . 
Mouao. Choclawhalchae beach .. .......... .. .... . 
Mou11. field·• ............................................... .. 
MouH, Gould' a ........... ............. .. ........... .. ...... .. 
MouH. Key largo COIIOrl ............................ .. 

/latu, . 
Br•cllytalil• •r•cl>no1tH11 ........... ..... .. ..... ...... .. 
LaflOtlvill 11,mc•udiA ............ ........... ...... .......... . 
Colob<4 kir4J .............. ...................... . 
PB<Omyscu1 poilonotu1 ~los.. ...... .. .. . 
Z'ywrnya < • Notomy1I ~114 ......... .. 
Notomy1 •quilo ............... ........... ......... ......... .. 
p.,omyscul polionolul .iJopfllya .. .. ........... .. 
l'uudomyl fitlldi ........................................... .. 
Puuoomy• flOUUi . .... ..... .. ........................... .. 
PINOl11y'l(;U• fl0$3yp/nUI •~/Jco4, ... .. ...... . 

. .. . IIO .. ............... ................... ... .... ................ .. 
Co111 Alea 10 Colombia .. ... ..... . .. ............... .. 
Brl<l~. Colomble, Ecu1d0< , P.ru. BolM& .... . 
C•naae (\lancouva, laltndl ........ .. ............... . 
Au1111lla ............ ................. . 
.... .. do .. ............ ... .. .......... .. .. . 

.. do .................................. . 
Taiwan .. . .. ...... .... ......... .. 
Equalonal G~. P.ap11·1 AOjlUl)IIC o4 

Co,,go, C1m•roon, Gabon. 
Mnlco, Gu11emala, BoUu .. ......................... . 
Co111aJ Woal ""le• ................... . 
M••lco IO Soulh Amarlca ........................ .... . 
Uppa, Eularn Congo Buln. Cama,oon .... . 
Cameroon .......................................... .. .... ...... .. 
Bomoo ........... ..................................... ............. . 
Co•II Rio&, Panama ...................................... . 
Wualern Nlgarla ............................................. . 
Nigeria, Ca.meroon, Fernando Po ............... .. 
Co•la Alea, Nlc1111gua ............... . 
Cosla Ai!;•. Panama .................. .. 
Kenya .... ..................... .................... . 

81.iK .... .. .... .. ................................. .. 
"ml•• ol no<11\ern Pa,u ... .... .... .. .. ................ . 
T•nunla ......................................................... . 
u.s ..... ("L) ......................... ............................ . 
,.u,11alla ........................................................ .. 
... .. . do ..... .... ......... ..... .. ...................... .... .. ......... .. 
U.S.A. (Fll .................... ......... .. ...................... .. ....,,.,.u •........................................................... 
...... do ............. .............................. .. 
U.S.A. (Fll .. ................ .......... .. ....... . 

.... .. do ............... .. .. .. 

...... do .. ................. . 
, ..... do .. ...... ..... . 
. ..... do ..................... . 
..... . do ........... .. .. 
.... .. do ......... . 
... ... do .. .. ........... . 
..... . do . 
... , .. 110 ...... .... .. ....... . 

.... .. do .... .. ............. .. 

.. ... do .............. .... .... . 

.... .. do .......... ..... .. 

.. .... do .. .. ............. . .. 

...... do .......... ... .. .. 

..... do .... .. ..... ....... . . 

...... do ........................ .. 

...... do ......................... . 

.. .. .. do ........ .. ......... ..... .. 

.... .. do ..... .... ............ .. . .. 

...... do ... .... ........ ..... ..... . 
...... do .............. .. 

...... do ...... ........... ........ . 

.. .. .. do ....................... . .. 

... ... do ..... .... .... .. ...... .. 

..... . do .... ...... ... ... .... .. .. .. 

..... . do ... .................. ... .. 

...... do ................ . 

...... do .. ... ......... .......... .. 

...... do ..... ............ .. . 

...... do .................. . 

...... do ....... .............. .. 

E all N" N" C 
E ie N" N" Y' 
E 3 N" NA 

E 1311 NA N" 
"ft 
iii' 

E 4 N" NA :r 
E 4 N" N" g 
E 4 NA N" :s 
E 3 N" NA A. 
E II N" N,\ 

~ 
T ie N" I 7.40(<1 ~ E ie N" NA 

E 15 N" NA :.: 
E 18 N" NA • 
E 1311 N" N" 

Ill 

" E 15 N" N" t E 3 N" NA 

E 18 N" NA 

e 10 N" N" S' 
E 3 NA N" -• E 3 N" NA .. 
E 3, 18 N" N" a· 

~ 

E 3 N" NA 

E 18 N" N" 
E 3 N" N" 
E 183 17.115(•1 NA 

E 15 N" N" 
E 15 N" NA 

E 163 17.95(•1 NA 

E 4 N" N,\ 

E 0 N" Ii" 
E 131E, N" N" 

160 

Mou••· Naw Holland .. ................ ... ........ ......... Puudomy, novut10ttandiu .. ..................... .. 
Mouu. Po,d1do Koy beach ........ .... ............... PiKomyocu, poilonorv, VissylNJp>il ........... . 
Moua&, Ull manll h&N .. 1.. .......................... R11111>todontomy1 r,,ivon/111 .. .. ............ .. .. .... .. 
Mou ... Shark Bay ..................................... .. ... Ploudomy• pr .. coni1 .. ..... .. ........ .. .... ........... .. 
Mou11. Shorllidge·e ........................................ Plaudomy, I/IOflridfl<,I ............... . 
Mou11, Smoky ....................... .......................... Puudomy• "'""'"' .. .. 
Mouu, woo1•rn ............................................... Ps.udomy• ocd<J.,,1/Mu .. .. 
Munljac. faa•a ............................ .... .............. ... A/unWIC14 ,.,.. . ..... .......... ............ ....... ... ........ .. 
N•w•ca•. 1M1a1a,n................................. ......... D111(111l4 ,,.,.,mr>l4. .. .. ........ .................... . 
Numb<II ............................................................. ~m<>COiJiUI f•sci,,tu, ...... .... ................ .. ..... .. 
Ocelot ............................................................... F•ta parcuh ............ ........................... . 
Or ar,gu1&n . .................. .......................... .......... PorlfY) pypm...,. ...... .. ....................... ........... . 
Ory,i, /uablon ................................................... Cl-y,r i.,.,c,,,yx .. ............. ........... ................... .... . 
Olla,, c.m..,oon C1ewl118 ............................. A...,,,. ( P,r,onp l oo,°""" m,c,odon .. .. .... . 

..... ,11,ua ............ ............... .................. .. .. .. ...... .. 
U.S " · ("L. fll ............................................... . 
US.A. (CAI ................................................ ..... . 
Auallalla ......................................................... .. 

... IIO .. ....... .. ........... ....... .. ............ ............... .... .. 
, ..... do .. .. ... .... ...... .. ... ................ ... ...... ............. .. .. 
. .... . do ........................................................... ... .. 
Norlhurn Thailand, Bu,ma ........ ................... .. 
"ulll&Ua ......................................................... . . 
...... do .............................................................. .. 
U.S A. (AZ. TX) lo C. and S. Amorlca ....... .. 
80<neo. Somalia .. .......................................... . 
luat,ian Pon1naul1 ......................................... .. 
C•matoon, Nlgatia ........................................ .. 

...... do ......... .... .... ...... .. 

...... do ......... .. ............. .. 

.. .... do ... ...... ........ ..... .. 

.... .. do ..... ... ............. .. .. . 

...... do .. .. ........... ..... .. . 

...... do ........... .............. . 

...... do ..... ... ............ .... .. 

.. .. .. do ...... ............. ..... . . 

.. .... do .. ......... .... ....... .. .. 

.... .. do ................... .... . .. 
.... do .. .......... ..... . 

..... . do ................. .. ..... .. 

..... . do ................ .. 

...... do ........ ..... . 

E 4 N" N" 
E 183 17.115(11 N.._ 

E 2 N" N" 
E 4 N" N.._ 

E 4 N" NA 

E 4 N" N" 
E 4 N" NA 

E ~ N" N,\ 

E 0 N" NA 

E 4, 0 N" NA 
E 5, 1111 NA NA 
E 3 N" NA W> 

E 3 N" NA -E 3 N" NA :'.f 

,. 



' 
Specloa 

Common name 

Otta,. giant ...................................................... . 
Otter. long•laNtd ............................... .. ......... . . 
Ott.,. marina .................................................. . 
oner. aouthern river ...................................... . 
oner. aoutharn a ea ................. .... ............ ....... . 

Panda. giant ................................................. ... . 
Pangolin (- 1coty 1nt11ter) .................... ...... . 
Penlh8f. Florida ............. .. .............................. . 
Planlgala. MIiia ................................................ . 

Planlgal•. IIOUlhern ....... ...... ............ ...... ...... ... . 
Po,cuploa. lhln•1plntd ................................... . 
Po,oum, L11dbuIa,•a ...............•.... ................ 
Pouum. mountain pygmy .... .. ... ..... ..... ... .... .. . . 
Pouum. acaly•t1llod ...................................... . 
Pr 1iri1 dog. M-.lcan .................................... . 
P11i1l1 dog. Utah .................................. ......... . 
Prongllom. ponlnaular ................. ...... ............ . 
P•OOQh0m, SollOfan ...................... . 
P,ldu .. ............... ........ ......... ... ......... ..... .... ... .. ..... . 
Puma. Co1ta Rican ....•. ..... .......••.................... 
Ouokka .. ........ •. .. ........•..•.......... .. .. .................... 
Rabbit. AwukyU ............................... ............. . 
Rabhlt. volcano .... ................................ .. ...... .. . 
Rat. faJ1e waler .................. ............................ . 
naI. Fraano kanga,oo ........................ ........... . 
Rat. MOIJ0 Bay kanga,oo ............................. . 
Rat. 1tlck•ne1t ................................................ . 
R1t-k1ng1100. brulh·laijtd ......................... . 
R1t ·kang1roo. Galma,d•a ............•.................. 
Ral •kanga,oo. LHu11•1 ................................. . 
Rat·k1ng1100. plain .. ..... .... ... ...... .......... ... ..... . 
R1t·k1ng1100. Ou11n1land ................. .......... . 
Rhlnoca,01. black ........... ............................... . 
Rhlnocat0I. groat lndlan ..... ... ... ........ ... ..... ... . . 
Rhlnocero1. Jovan ......................................... . 

' llhlnoca,01. nor1hlm whlto ...................... .... . 

SclenUllc name 

PltKOnura tx-.:,i/;,,nsi• .............. .. .................... . 
LWa lolJ(Jicavd/1 (Incl. platttnsls) ................. . 
Lu/1• lt1lin1 ........... ..... .......... ... .... ...... ............. . 
Lu/1a ptOVOC4X ................. . .................. ..... .. 
Enhya,• tutti, ,..~ ..... .............. ................. . 

11,lurrJpod,, ""''•nolttvca .. ... ... ... ..... .. ........... .. . 
Al•nl• lttmminckl ............................. .. ............ . 
FttliJ concolor ~ ... ..... . . 
Plani(Jald ln(J,•ml wbht,uim• (lo,m11ty P. 

1ubti~·ssima). 
Pl1nigolil t11nulr0Jlri1 
Cliaotomy, •!Jb,pinosu• 
GymnoOolithtuJ lo•-•<ttrl 
8U1Tam,,. p.rvv• ..... ............ . .......... ............. .. . 
lt)vkf• oquamica<Jdlrt• ·· ····· ····· .. ... .... ........... . 
Cynom)'11 mBxic4nu• 

C),nomy, p,v,,;dt,n• ···· ··· .. 
Antiloca.pra •fDl.lric.a,,. pt1nin1vlAFU 
An"~ .,,...,a,.. M>n01Hln.J1• . 
/Wupudu ... ... .. .. ........ . 
Feb conookx co•t•rlcw,nsl• .... ..................... . 
S.tonix tx-.ch)'UflJJ ..................... .......... ........ . 

p,,,,,.,.{IV,. "'""'"' ·· ••·· ····· ·············· .......... ... . 
Romttrola(IV• duu/ ............. ... ....... ..... .......... .. . 
Xttromyo myoKNJ ........ .............•.... .. .. 
[);podomy1 niti•toidtlJ •~iliJ ..... .... . 
Dipodomyo hiHNm•nnl motnH1nsi• 
hporiltu, conditcx .. .. ....... . 
BatrOllj/11 pttoo/lJJt• .. ..... ....................... . 
Batrongia gaimardi ..... .... .. . 
BBIIOfl(lia '-'"""' ··· ···· ······· .. .......................... . 
C./oplymnuJ C4mpttJ/riJ .. 
BaltOIJfJ;• troplc4 ............. . 
O.C..ro, b,comiJ ... .......... .... .... ....... •. .... 

RM,oc-ero, uniccxnis .. ... ......... ..................... . . 
R~• ,oncia/CIJJ .. .............. .. . 

'l'-01. 5',ma~an .. .. ...... ........ ... ............... Dlc_,,,llltlw l-tlU,,,moc-.ro,l ,.,,,..,,_ 
14. 

3alga. l.loogollan (anlolope) .. ........................ S.11• i.tarlc• """'flO/lca .... .... ....... .... . 

Hl1IO<lc range 

Soulh America ...... ........................ .......... .... ... . 
.... .. do ................................ .. .. ................ .. ..... .. .. . 
Poru aouth lo Stral11 o4 Mogellan .. .......•....... 
Chilo. Argeolina ............. ................... . 
Weal COIII u.s .... f.WA, OR. CA) aouth 

to l.lulco (Baja C.Ufo,nla). 
PeopIa·1 Republic ol Cl>lna ....................... . 
Africa .. .................... ....... .. ......... ... ........ . 
U S A. (V. and AA aaat lo SC and fl) ... 
Au11l1lt1 .......................... ... ...... . 

. .. .. do .......... .. ............ ... ....... .. ... . 
Bra.d ........ .... ......................... .. . 
...... do .. ...... .. ....... .. ....... ..... . 
Au1tralla .. ................................. ..... .. ....... .... .. . . 
. .... do .. 
Maxk:o ............................ . 
U.5 A (Ul) .. . 
Mulco (B•I• Calllomia) . 
U S.A. (AZ). l.le,lco ......... . . 
Southern Soulh Ame,lca ... .... . 
Nlcarogua. Panama. Coata Alea .. . 
Au1llalla ................................. ................ . 
Japan (Rrukru l1land1) ............. .... . 
Maklco .............. ........ .. ... ........... ..... .. . 

Au1tralla ·············•······················ ······· ······· · 
U.S.A. (CA) ................................ . 
... ... do ............. ..................... . 
Australia ...................................... . 

·· ····do ····· ·· ·····································• 
·•·· ··do ·· ············· ··········· ·· ........... ..... .. ...... . 

... do .................. ............ .. ...... .. ................. . 
...... do ·······•··· .. ······ ···•········· ··· ·· ·· ······ ........ ........ . 

. do .. ·•····· ······ .. ..... .. ... ........... . 
Sut>-Saharan Attlee .................... ......... ....... .... . 
Indio . Nepal ...............•....... ....... ......... ..... ......... 
lndon.,la. Indochina. Bunna. TI1alland. 

Sikkim. Bangladesh. Mal•~·· 
Zaire. Sudan, Uganda. C.otral Alrlcao 

Rep,,blic. 
Bangladoah lo vi.tnam lo lndonula 

(Bomeo). 
Mongolia ............................................ . 

Var1&b<ata 
poputatJon where 

tndango,od o, 
ttvaalaned 

.... .. do .. .. ..................... . 

..... do ............... ...... .. .. . 
•.. ... do ........................ . 
. .... do .. ......... . 
. ..... do ........... . 

...... do ....... . 

. ..... do ..... . 

... .. do ..... . 
.. do .... ... . 

..... do ... . 
..... . do .. 

.. . do ... . 
do ... . 

. ..... do 
. ... do .......... . 
. .... do 

...... do 
..... do 
. ..... do ... .... . 
··•·•·do •··· ···· 
······do ... ... ... . . 
······do·· ...... . 
. .... do ..... .. . 
. ..... do ....... .. . 
...... <lo .......... . . 
..... . do ........ .. .. . 
.... .. do 
.... .. do ......... . 

···• ··"°···········. 
. ..... do ..... . 
..... . do ...... . 
······do· ... · ...... . 

.. .. do ... .... ..... . 
.... do ......... . 

.. do ... ........ . 

... do ......... ...... . 

... . do ......... .. 

.. .... do ........... . . 

Sta· 
lua 

E 
E 
e· 1-, . 

E 
T 

E '1: 
E 
E 
E 

E 
E 
E 
E 
E 
E 
T 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 

E 

E 

E 

coo 

When Crillcal S~al -
hied habitat NIii :-. --

3 NA NA 
3, 15 NA NA 

15 NA NA 
15 NA NA 
21 NA NA 

138 NA NA 
15 NA NA 

1 NA NA 
4 NA NA 

4 NA NA 
3 NA NA 

233 NA NA 
4 NA NA 
4 NA NA 
3 NA NA 

e. 149 NA 17 40(g) 
10 NA NA 

1. 3 NA NA 
15 NA NA 
15 NA NA 

• NA NA 
50 NA NA 
3 NA NA 
4 NA NA 

"' 170 17.U5(a) NA 0 
2 17.US(a) NA 

Q • NA NA 
4 NA NA llG 

• NA NA p 4 NA NA 
4 NA NA 
4 NA NA ...... 

87 NA NA -4 NA NA f-3 NA NA -
3 NA NA 

la 
°' 

3 NA NA 
m 
!!: -15 NA NA i' 
:a ...... 

------------------------
. ···--··- --·· _________________________________ .., 

Saki. 1outhem bHr-.1 ...................... .. .. ....... .. . 
Saki. whlle·no&ed ........................................... . 
; •••• C1r1bbe111 monk ................................... . 
ie1I. H1w1H1n monk ... ...... ............................ . 
1111. Madllananoan monk ........................ .. . . 

ialodong (-Gau,) ............ .... .... .. ....... ............ . 
ie,ow .. .......................................................... . 
'•"'•I. Barbary ...... .. ................................ .. . 

Ch/ropot•• ,.,.,,.. u1,na1 .... ................ ..... . 
Cl>/ropolH 1lbln•su1 ........ .......... . . 
Monachu1 lropluli1 ....................................... . 
4/o,i,chul achauln1l1ndl ......................... ... ... . 
410,r1chu1 monachu1 ........ ... .. .. ... ... ......... ... ... . 

Bo, gaun,1 ........ ...... ...... .. ................ ... ............ . . 
C.prlcom/1 IVffl4/rHn"4 . ............................ . 
F•II• IMVJII ron•t1tntln11 

Brad .................. ............................ ....... ... .. .... . 
. .. .. do .... ................................. .. .... ................. ... . 
Carlbbaan SH. Gull ol Moxlco ................... . . 
US.A. (HI) ............................................... .. .... . 
l.l1<lltanan11n. No<thw11I African Cout 

and Black Saa. 
BangladHh. 8oulhoul Aala. India ... . 
Eaat Aala. Burnatra ............ . . 
"'·· ·· '· 

..... do ...... .... . 

..... . do ............ . 

.. ... do .............. . 

..... . do .... .. ...... . 

... .. do ............. . 

···· ··do·· .. ···· .. . 
' rln 

E 233 NA NA C 
E 3 NA NA 

"' E 1. 2. 46 NA NA 
E ,. 

NA NA :n 
E 3 NA NA -:r 
E 3 NA N.._ e 

l• 1111 rn 
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SatJ, aoul/le<n be&111G ........ .. ..................... .. .. C/wop<Jt•I UUll't41 Nl.4/l/11 .. ... . ... . ... . 

Saki, whh•noHd ..................... ................... ... . Ct,Jrop<>l•I • l~•u• .. ... ..... ........ ....... .. . 

s .. 1. C.,ibbean monll ....... ............... ........... .. 
s .. 1. H1waJ11n monk .................................... .. 

Mc,n4chv1 uopie,,li1 .......... ........ .... ............ . 
Mo,,., ,..,,. ,cr,.vina/4nul .... . 

s .. 1. M..i.1arranet.n monk ........................... . AI0"4Cf>WJ m:xi.cl>4'• ............ .. .. .... .. ...... .. 

Sal•<lang (-C:.aur) ...... ................................. .. . 
Sarow .. ... .............. .. ...... ... ......... .. ................ ... .. . 

Bo, p,!UIW .... .. .. .... .. .... . 
wprlccm11 wn1A1Ja•n• .. ............... . 

Sel'llal, Barlla,y .... ..................... ...................... . 
Sn.po ......... .. .... .............................................. . . 
Snou ... .. .. ............ .. ......... .. .. .. ................. .. .. .... .. . 

f11 l.1 1•fVAI C\)(IIIMltJi~ ...... ... ...... . ... ........ . ... . 

CM , •liJMI •<QMI .. ..... .. .. .. .. .. ............... . 
C..rvu• MIIAJ)/UJI w•IIIChi., ...... ... ..... ... . 

Slit aw, OlamaJ Swamp aoutllauta,n ........ .. 
Siamang ........ .. .... .......... ...... .... .. .... .. ... ........ .... .. 
Sitaku ......... .... .............. .......................... ...... .. 

Sol•• lon{Jvo,u,. ,w,.,11 ...................... .. .. .... .. . 
Sy1npll4/Jl1,gu• •rna.c ,y1i,, .... ...... .. 
Propilnt1ev• •PP· (d 1pecia1) .......... . 

SloU1, B1uill1n lhra•loed ..................... .. .. .. .. Br•clypus IOIQUllliJS .. ... . ..... .. .. .. ... ...... .. 

Sotanodon, Cuban .... ............ .. .... .. ......... .. ..... .. 5.Jlflno.Jon IAtopoQ•i.l cvb,,nua .. .. . 
Solonodon, Haltian .. .. ......... .... ...................... .. So111nooon ,,., • .Jt:Mwi . .. ............ .. .. .... .. ... .. .... . 
Squir 1aJ, C.,olioa nonham llylnjj ................ . 
Squlrral, 0.lmatva P•nlnaula IOl ...... ........ .. .. 

Gi.tv.."OIJlyl u/Jrin.4 ro/Ol'MIUI .. ... ................ . 
5cuw('1)<Jf""..,,_ ........ .. .......... .. ........ ..... . 

0 

B,aA rl .. ... ........ .... . .. oo 
..... 00 ............ ... .. .... ... . .. .. ...... .......... ... .. .. clo . 
C.11bbHn 6H, Gull ol MuAICO ...... 00 ... . .. ................ .. . 
U.S A. IHI) ........... ... .... .. ... . .. .... ... ................... . .. ... do .. 
Ma<IH•nanHn, NOl\hwol Ahlct.n Coul ...... do . ..................... .. 

and Blacks .. 
llengle<IHII, 6oulh<IUI A••• . ln<lla .. ... do 
Eut Aala, 6umaUe .... ... .. ...................... .. .... 00 ......... .............. .. 
Algat la ............... . .. ....... .. .. .. .. .. ... .. .. .. .. do .. ....... ........ ...... .. 
K .. nmll ............. . .. .. ................. .. .. .. clo .. . ................ .. .. . 
Til><il, Bnutan 
U.S.A. (VA, NG) .. .. ..... .... .... .. ... .... .. .... . .. 
M1l•y•l1, ln<lon"51a .. . .. ..... .... .. .. .......... .. .. . .. 
Mal1g11y AepubllC ( - Modiigucar) .......... . 
Brad .......... .. .. ........ ... ... .. ... ...... ..... ...... ... ... .. 
Cuba .. .. .................. ........ .. 
Dominican Aapubllc , Halu ......... ............. . 
U.S.A. (NC. TN) ...... ..... ..... . .. .... .. .................. . 
U.S A. (Dalman.a P•nlnaula IO aouin•ul 

PA). 

.. .... <IO .. .... ................. .. 

...... do 

.. .... do ... 

.. .. .. do .. .. 

.. .. .. do .. .. .. ........ .. . .. 

.. .. .. do 

.. .. .. do .. ..................... .. 

.. .. .. do . ................. .. .. . 
En1111. ¥•capt 

Sa, .. , Co., DE. 

Do .. .......................... ....... ......................... .. .. .. .. 00 ... .. ...... .. .. ................................................ .;;· -- -do ....................... .. ......... .. ...... .. .................. . U.S.A. (DE­
Sun"' County). 

Squ1nel, VlrQIOla r.l1111am ftylnjj .......... .. ..... .. 
Slag, Barbary .. ............ .. .... ...... ..................... .. .. 
Stag, Kaallmlt .................. .............................. .. 
Sunl, Zanlibar .................. ............................... . 

Tatv. Asabian .... .. ........................................... .. 
l1m&11w ..................... ... ............... ... ........... .... . 
lamarin, QOld4in-rumped (-Q01d41n­

tw,adoo T amarin; -gold4in-llon Ma11no­
aa1) . 

T amarin, pied ........ ............ .. ......................... ... . 
Tamarin, w MIO-IOOled .. ......... .................... .. .. . 
Tapw, Mit.n ... .. .... ... .. ..... .. ....... .. ... .. .. .............. .. . 

G/4uccmya u/>flnua /WCUII .. .......... .............. . U.S.A. ~A. WV) ........... .. .. ........ .. .......... .. ...... .. EnlH ........................ . 
Corw1 •i.µ ,-,.,, ~ ........... ...... .. ........... l unJ1la, Alg"'1a .... .. .. ..... .. . .. ....... ..................... . .... .. do .. . 
WIWI • lapl)w 1141,glu . ..... Kunmil .... .................... .. ... .. .. .......... .. .......... .. .. .. .. .. do .. .. 
M>uV•iJIA INtJ.OIT•(Jw) rr>O>ChMtu• miJI · ·Zam lllar (and nearby 1,tand1) .. .. ................. .. ...... do .. .. 

""'""'· tiomiua(Jv• }'yaAIJI . .. ....... .. .. .............. .. Oman .................. .. ....... ..... .............................. .. ... .. . do .. . 
8 4.Jl)alul 11111kX)(~ Pn.ilppina1 ................ ........ ... .. ........................ .. .. .. .. do 
L tlOll top,ll><>Cwi I - L l>OIIW..WJ) 

ap.,cie1). 
app. (all Bru ll .... ....... ... .. ...... ............ .... ................ ... ............ .. do .. . . 

Sau=• ti,cokx .. . ............................... . 
S..(JuirlUJ i.i ...copu, .. .. .. 
T ap,n;, kucvs .. .. ...... . 

.. 00 ...... ........ ................... . ............ ......... .. 
Colombia .......... .. 
Burma, uoa, Cambodia. Vietnam, Molay­

ala, lodone1la, Tnai1100 

.... .. 00 ... .. 

.. .. .. do ... . . 

. .... do .... . 

lap!I, Bru~u,n ................ ..................... .. ........ .. r_.,. lim us tn.s .... .. ... . .. Colombia and Vomuuela aoulh lO Para­
guay and Asg•nbna. 

... .. . do .. .. ................ .... .. 

T ap11 , C.nu al Amarlct.n .......................... .. .. T opl,w ti,mlll ...... .. 

T apw, mountain ................................ .. ........ .. T If/WW p,n.;l~q..A .. .............. .... .. .. 

Taraw;,, Pllillpplne ............ .. .. ........................ .. T_,w, • yncl>U .... .... .. .... ..... .... .. ...... . 
lig"' ........ .. ............. . P• 1111>d11 IJ;}I~ . ....... ........................... ...... .. .. .. . 

T Ill"'. T umanit.n (- Tllylac,na) ......... .. n,yi.,Ollv• cy1,cc;,p/JJlhJI .. .. .. 

UOan(aU ~ -, C..~o •W- (all ~•) .............. .... .......... . 

u,,.1.. ............. ............. . 0,,., muuoon ( - on,,nUlisl opti,on .. ......... .. 

Soutllarn Muico IO Colombia and Ecua ­
dof . 

Colombla, Ecuadof an<l poulbly Paru 
and Venezuela. 

Phil,pp!ll .. ........... .. ............ .... .. ........ ............ .. 
Tomperall and Tropical A11a .............. .... .. 
A1.JMll&lia ................ .. .... ......... .............. ........... . . 
Peru, Bruil, Ecuadof, Colombia, Venvzu· . , .. 
Cyprua ................. .. ........ . 

.. .. .. do .. ............. ........ .. . 

.. .. .. do .... .. .. ........... .... . 

... <IO .. ...... ............. .. .. 
.. .. .. do .. ..... .. .... ... .. ... .. . 
.. .. .. 00 .. . . 

.... do .. ............... .... . .. 

.. .... do .... .................. .. . 

t Ill NA NA C 
E 3 NA NA \n 
E I , a, 45 NA ti-' 
E II NA NA ::n 
E 3 NA NA "' :r 
E 3 NA NA 0 

:I 
E 16 NA NA 0.. 
E 3 NA NA 

~ E 15 NA NA 
E 3 NA NA 

~ T 248 NA NA 
E 15 NA NA -
E 4 NA NA " 
E 3, 4 UA NA 11'1 

" E 3 NA NA ? E 3 NA NA 
E IHi NA NA 
E I . ldl . NA NA ;-

168 
.. 
" )(N 161 NA IH41a) ::i . 
0 

E 18i NA NA ... 
E 3 NA NA 
E 3 NA NA 
I: 50 NA NA 

E ~ NA NA 
E 4 NA NA 
E 3 NA NA 

E 18 NA NA 
T 10 NA l7 40(c) 
E 15 NA NA 

E 3 NA NA 

E 3 NA NA 

E 3 NA NA 

T 10 NA 17.40IC) 
E 3, 5 NA N" 
E 3 NA NA 
E 3 NA NA '°' .... 
E 15 N" NA ~ 



• 

' 

Speclo1 

Common name SclenliOc name 

1/lcuna ................. . Vic...gn• l'lcugn• ... . ..... ............. .. ....... ............. . 

H&tlufk: range 

South Amanca (Ando•) ....... .............. ........... . 

Ve1tobf1la 
popolallon where 

ondongo,ad o, 
thu111en&d 

... . do ........ ................ . 

SIi · 
lu1 

E 
1/ole. Nn1f110U ................................... ... ... . Microtu, cah!M'>lcu• 1ci,p;1nllL ........... ...... . U.S.A. (CA) ................ . ........................ . . ..... do . ·---.. E 
W1ll1b-f. bonded hall .................... ....... . 
Wollol>y. b,lndlod nall·lalled ..• ............. 
Wall•~. craocenl nall-lall41d ....•..................... 

t ago1lrophv1 fascia tu• ...... .... ... .. ........... ...... . 
Onych<>galu lre11na1a .. ....... .... ..................... . 
Onych<>galBa Wela ... ................................ .... . 

Aualt,IUI ........................... . 
... ... do .......... ........... ........... . . 
····•·do · ..... ...... ......... ........ . 

.. do 
..... do. 
..... . do .. 

E 
E 
E 

Wallaby, Pa,ma .. ............................................ . M•Cf"Ol>US p,am,a ... ................ ·············· .. ........ . ...... do ...................... ...... . ... .. I.lo . ........... ........... . -::, - E 
Wallaby, w .. ,.,n hare .. ....... ..... .. ...... . 
Wellaby, y.llow•loolod rock ...........•..... .......... 
Whala, blua ....... ........•................•..................... 
Wh1la. ~1d ............................................ . 
Whole. Roback ................................................ . 
Whale. grar ... ....... .......... ... .......... .......... ........ . . 

Whole, humpback .......................•......•............ 
Whale, right... ....................... ........................... . 
Whale. s.l ....................................................... . 
Whall. _ .. .... ...... .... .. ........ ...... .... ..... .. ... ..... . 
Woll, g,ay .... ... ..................................... ............ . 

logcxchoSIBI hir$UIU6 ... . ... ..... ........ .. ....... . ..... . 

PBIIO(J•ltl u11thopu1 ... ...................... ............. . 
Balat1ooplllfll nH1$CUluJ .. , ....... .•..• , ..... ...... .. ... . . 
Balaana myslicBIUS .. .......... ............. ...... .. ...... . 
8a'4Bnopl,,,,, phyulu1 ................... .............. . 
E ldlncllliv, rol,u$/UI . ... . ...... ...... .. ...... .... ..... .. . 

l.lt>g4P/1Ka IIOVal'aflfJ-. • ................••.............. 
eai..,,. IJlaciali> ............. ..........•.................... 
Balaonoptt1r• lKxHb ................................... . 
/'hysBltlf" ulodorl .....•.............•.......•.•.. ............ 

c.ri11•-·························•··•························· 

...... do .. ........................................... ............... ... . 

...... do ..................................... ....... . 
Oco1nlc ..................... .. .......... ........ .. 
Oceanic (OO<lh l1liludo1 only) ......... .......... ... . 
Ocaanlc ...... ................................ .... . 
Norlh Pacific Ocean: coulal and Be,log 

5"• 
Oceonlc ........................................................... . 
...... do ................ ..................... .. ....... ................. . 
. ... .. do ... ........ .......... ........................ ... ............... . 
.. .... do .... ................ ......... ...... ....... ......... ...... ...... . 
Hola1cllc .......................................................... . 

·•• ·do ..... ................... . 
... . do ......... ......... .. .. .. . 
. ... do .. .................... . 

..... . do .. ...................... . 
.. . do ......... . 

.... .. do .. .................... . 

.... .. do ...... ............. ..... . 

...... do 
····•·do··········--·······--· ···· 
.. . .. do ................... ...... . 
US.A. (48 

cont1rmlnou1 
Stale•. axcopl 
MNI. Muk:o. 

Do .. .......................................................... ..... . ...... do ........................... .................................... . ...... do ........................ ······ .. ··•···· ... ·.· ........ . USA (MN) .... .. ...... . 
Woll. maned ........... .. ........... ........................... ~ lradlyi.rul ... ................. .............. Aigonllna. Bolivia, Brull. Paraguay. Uru• Ent!•• .... ...... .............. . 

guay. 
Woll. tad ..... .. ............. . .............. ... ....... ........... .. C.ni. 111/IJa ................. ........................... .. ........ . U.S.A. (ooulhoulorn U.S.A. weal lo con- .. do .... .. ................. . . 

val TX). 
Wombal halry-ooMd t-Bama,d·• and t.skxhlnuo .,.ffli (l0<me1ly L. bamarrJi Au1~1li1 ............................................................... do .. .. .. ................. .. 

O.-n1i.nd hairy-noted). and L. ~/"1spi,J~ . 
W..,.Jra~ Kay Largo ....................................... N<lolon,. florlo•na ,ma/Ii ....... ........ ................ U.S.A. (Fl) ....... .... .. .............. .............. ....... ....... .... .. do ..................... ... . 

Yok. wild ........................................................... 801 flllJlllWn• .......•.................•..•... ................. China (Tlbol), lndlo ....... ...................... ........... . .... .. do .... ...... .. ...... .... .. . 
Zob<a. Orwy'a ................................................. Equu• g,11")'1 .......... .......................................... Kooy•. Ethiopia. Somalia ............... .. .. ........... . .. .. do . ........... .. ...... .... . 
Zob<t. Ha<1mann·, mounl•n ......................... Eqw• z•tx• hartmannu.............................. Namtblo. Angola .. .. do ....... ...... ..... ... ... . 
Zob<a. mount.in ........ .................................... E(ltNf zebra z«xa ......................... .. ............... Soulh Alllca ..................................... . .... do .. 

81Aoa 

~-. ~u(ho<Myg-, ............ . t °""'' ~. "'"""""' ..................... . 
,.._ 1,1~ (ror,e-,ONP9") ···•··•···•········ ··· ·· Lo"'P' ""'°"""" c>ehrec..,. ............ ........... . 
1-kioloa. ~ual t>orwyooetpe<) ................. .. . . fi.m;;,,,.lhv, p,r>Cd<IJI . •.••..••.•..•• •••• ••••.•.•• •.•••. . 

AklopolNU (honeyctffl)9<) ...•.. ......•...... ..•.. .... fl11m/gnalhu1 munrol I - ,.flsonl) ................. . 
Alba~o11, 1hof1-.11-..i ... ........ .. .... ... .. .... .......... . ~- ait>alnl• .................. ···········•···•·· .... .. 

Blackblfd, r-1 ..... ~od ......................... A(IO/alua xanlhorrnJ• ............... ....................... . 

llobwhlle, maak..i (quell) ... . ....... ...... ....... ...... . 
110017. A1>1>on·1 .. .. ......................................... . 
BnallebWd, weale,n .... .................................... . 
Brltilobkd. •Htem rvfoua ........... ......... .. ... .. . . 
&,oa~, Ou•m ............ .... .................. ....... .... . 
8ult11.if. M•u,tuu1 0IN1ceoue ...... . 

Bullhnch, Saa Ml\j<HII (!loch) ··· ············--···· ·· -­
eu,hwfen, N,,. 7w11uw1 

~~~':'."'.~.~~:·······;·•·············· 
g;•.rom/1 bracllfPl•1111 lor,gitwlrla ............. . ,yom1, bro,,dJHntt tlloran, ....... .............. . . 
Af)vgt11hyc/r,<tll ....... ..... ........... ........ ..... ...... . 
t1tp,p.1., bort><>nkl,, ()//y·~ ·•••·· ··· .. .. . . . 

~l~~':':'_111<A'kl.t .. . ..................... . 

US.A. (HI) ...................... ..... ............................ . .. .. . do .... ....... ......... .. .. 
... ... 00 ................ .................. .. .. . .. do ............. .... ... .. . 
...... 00 ... ................................... ............................ . .. do. ··· ······ .. ............ . 
...... do ................................................. ... ·• ·•··do ... ...................... . 
Norlh Pacific Ocoan: Japan. U.S S.R., Entire. ••capt 

U.S A. (AK, CA, HI. OR, WA). U.S A. 
U.S.A. (PR) ................................... ......... .......... Enl~e ..... ............... . 

U.S.A. (AZ), Mulco (Sono,a) ... ... ...... ... ........ . 
Indian Ocoan: Ch1l1lmu ltllnd 
Au11ralla ............ ................... ........................... : 
. ..... do .............................. ......... ...... .................. . 
WHlern Paclllc Oc11n: U.S.A. (Guam) ...... . 
ln<Man Ocean; ~1LKlllu1 ... 
E111ern AtlanUc Oc•an: ,._;~-,-~~-- ... 

. ..... do ···· ········· ... ... .. .. . 

. ..... do · ·· ····················· 

. .... do ..................... .... . 
····· ·do .................. . 
····· ·do ···•·· · .. ··· ·· ... . 
. .. .. do ... 

E 
E 
E 
E 
E 
E 

E 
E 
E 
E 

- E 

T 
E 

E 

E 

E 

E 
T 
T 
E 

E 
E 
E 
E 
E 

E 

E 
E 
E 
E 
E 
E 

When 
Malad 

3 
160 

4 
4 
4 

" 4 
0 
3 
3 
3 
3 

3 
3 
3 
3 

1, II, 13, 
15. 35 

35 
4 

4, 0 

131E, 
100 

3 ~· ~.111 
15. 111 

2 
2 
1 
1 
3 

17 

1, 3 
15 
3 

16 
150 

3 

Ctlilctl 
hablltl 

NA 
11 85(a) 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Special 
MH 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
t4A 
NA 
NA 
NA 
NA 

NA ., 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 

17.85(1) 

17.85(•) 
NA 

NA 

NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 
Nh 
NA 
NA 

17.85(b) 

NA 
NA 
NA 
NA 
NA 
NA 

17.40(d) 
NA 

NA 

NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 

... 
:-,a ... ... 

VI 
0 

Q 
JQ 

p 
...... ... 
~ -
~ 
m 
!!: -o· 
:I ..... 



• Bobwtwi•. m. .. ..i (Qudl ................... ... ... . J C<>oirJ<.W ~ 
Booby. Abllon·, ............................................. .. S.. M>IJ()fd .....• ... 

8noll-d ..... 1 .. n ........................................ a.,~ "'•cl>WINW A>nj}¥w/J .. 
81llll• bltd. W• ll• ln n.l0ut .. ........ ..... ........... ... a.,,...,,.., 0,o.,""-nu !11.X•li. . 
8u1edb1U. Gwm... .................................... ...... . 4/),viJf• hyQt>,1u· 
8ulbul. M1unuu1 o~••C"W• .......................... Hy,,_, .. ~ OIIV•.:.,,;1 .. . 

9 
'J 6 .A 1"1). M••lco (Sooo.1) .. .... .. . .. 

..ii.n °'-••11 C1u111n1•• 1,11~ .... .. . . 
-"u,1,11ta .... ..... .... ... ... ....................... .... . 
·· ··•·<lu ..... ...... ..... ..... ... ..... ... .. .. ... ... . 

Whl•tn 1'1c1hc Ocun: US A (Guam) 

. do ........ ... ..... . 
. .... do ....... ... .. . .. 

..do 
.. .. do ....... . 

au1nioc11. S.o M~ IIIOCh) .................. .. .. ... . Pyrmu. pyrm.,i. ,,,..,..,. ........ .. .. . 

a...,,_.,..,_ New lul&n<I.............................. X~ b-\1~ ........................................... . . 
8u1wc1. gr• 11 Indian .............. ... .. .............. ..... Chonoiu ~~• ................... .. .................. . 

lrxhan Oc•an: M1utmu1 .............. ... .... .. , . 
f1111,n Allanhc Oc11n: Alo, ........ ..... ... . 
Now loOlall<l .................... ................... . 

.do 
... do 
.... do ............ . 
.. .. . do .... .. . 

C&how (-81m1Uc1a P•ual) ....................... .... . Pi"'1X1fom4 .,.ho., ....................... .. ............. . 
Coodo<. Andean ......... .. ... ....... .. ... ........... ......... 1-\Jr&M' fJ'Yp/w ........ . 

lll<lia. l'a~l11an ............... ............... ........ . 
Nollh Allanhc Ocean: B"'muaa ... .. . ..... do 

Condo.. C.Mlo<nia ... ...... ................ ..... .... ....... .. Gymncgw, .,.!lcxn/4nu, 
C<lot. Ha-n (-alu k~ k&00) . Fllliu .,,,.,,ic.o,.... aW ... 
CollnQa. blndud ........ .................................. .... Colin/,• n11cvi.1, .... . 
Collllga. whll• ·wloged .. ...... ......... X~ •llopu,pu,ua 
Ct1ne. black•n8C~-.I ..................................... .. G11J1 flfJflCOIJi• 
Ctan• . C..C,a Mnotldl ... ............ ... ...... . .. .......... G/w .,.,...a.mi, IHJ$IO/il 

Ctan• • hoodu<J ...... .. ................... ... ... .............. . Gtw tnOill<:/la ..•... ....... 
Ctane. Jaj)anesa .. .......................................... Giw j,Jpot>en.4 
Ctan• • Mitai"'ppi Mnoll&L........................ ww .,.,...a.~ /)<JIii, 

Ctan• • S&bwian """'' .................................... G,w ~ ............... . 

Ctan• • .. nn ... napvd ........... .. .......................... . 

Ctane. whOop&og ...... ........ • • •· ········· · ..... ········ · 
Gtw...., ....................... . 
Gtw~ ............ . 

C-Oiomb,a IO Ctuie Ind AIQenUna .... .. 
US A. (OH. CA). Medco (BaJo Cahlotn,•j .. 
LI.SA. (HI) .. .. 
e,uu .... 
.. ... oo 

C1lln1 (Tlb61) 
WesI lndle1: Cuba 

Japon. U.S SA ......................... ........... .. 
Chino. Japan. Ko1•1. U.S.S .11 ..... ..... .. . 
LI.SA (MS) 

U.S.S R. (S11>ona) lo I0<.111. lncludillQ Iran 
and Cima. 

Mongolia ................ ................................... ... . 

.. ... do .. .... ................. . 

.... do .... ........... .. . 
... .. do .... ... : .... . 
... . do ... .. .. 
. ... <lo 

····· ·do 
.... do 

.... . do 
... do ... .. 

.. do ... . 

... .. do ········ .... ......... . 
.. do 

CtMper. Hawu .. ...... .... ................................... 0,IKJmystJ, I -LOJrC¥>•l 11111/l,I ...... . ..•.• •. •.•.•.. . 

CtMper. Mololuoi ( • kakaw1hi1) ....... ........... PMOfBOmyU I• 0,-nysi,,. -to.-op,) 

C•n•o• . U S A (Aocky Mounlaina Hsi 10 
Carolin&,). MdAIC9,. 

U.S A. IHI! .. .. . .......... '.~: .... ............................. . 

··· ···do. 
. ... do. 

~ . 
C.Mper. o.tiu (•al1uwahio) ...... . 

Cow. Hawaiian 1-•alal1) ............... ........ ... .... . 
Ctow. Ma,iana .. .. .......... .. ... ............. .... .. ......... . 

P,vr;x"""'P• I -0,·eoruy,i,,, -1 o.,qp,) ...... do ........... ....... ..... • ":;,._. ......... ..... .... ........ ...... .. .... .. do .... ... .. ...... .. 1n11c...i.1a. 
c.,,....., ,.,,,,.,~ ( _,,""""' .... ) 
c.i.- •ubar)1 ... ........ .......... . 

Cuckoo-alvlk•. Mauntlua ... .......... ....... ... .. .... ... ~ 1-Co,•c.vi.a> typw, 
Cuckoo-atvih. Raunioo .... ...... .. .................... Coquw I - Co,""""' l tHJwwn, 
Cut1uow. l&JOt·bllllld ...... .................... .......... Uitu 1-Cr.ul mitu m,tu ...... .. 
Cut1uow. 1-.J-bdl&d ........ ............ .................. Crax bltKrw~chil ....... ......... . 
Cutaaaow. TrinidMcl wl•••hud&d ... .............. f'piJ;, pip,i. pipi"1 ............. ...... . 
Cutlaw. f1klmo. ············ ··............................... ~ ""'""~ .. . 

Clo••· Cloven•IHlhet&d ·······--··"· .. ··•·•······-- ···· C.-11panop/ilil l>olosdn..-... .... ... ······ ·· ·•········· ··· 
Do.a. G1ana<1a 11••v·lron1&d ............ ............. L~tcliJM "''"'°"" W<Jl/$1 .. ....... .. . 

Ouca, Hawaiian (-koloa) .. ......... ...... ..... ... ..... AIMI, "')'Vi/li4na .............................. . . 
Cluck. UlyWI ... ........................ .... ........ ............ ,.,..,, Ao,,..,,.,,... ............ . .................. ... . 
Cluck. pink-h• lded ....... ... .. .................. ..... ... .. .. Rhooont,su ~yilllc,;a ....... ............ ..... . 

Duck. whll•wlng&d WOOd ................... ........... Cui,,. S<:11ll.lo1A .......... .... ..... . ........................ . 

...... do .... .......... ······· ....... .. .. .............................. . 
...... do .. ···· ·· •-- ............ . . 
. .. . do. 

.. .. do .... ······· ······· ··· · .. .... ........... ..... .. ........ ...... . .. ... . do ....................... . 
W•alo,n ·Pacific Ocean: U.S.A. (Gu•m. . ..... do .... ... . 

Aolo). 

Indian Ocain: MaurlUu1 .............................. .. . 
ln<lian Ocun: Reunion .... ... ......................... . 
Brull (fulam) .................................. ......... . 
8,uiJ . ........... .... ....... .. ................ .. .................... . 

... .. . do .. ........... .. .......... . 
... .. dv ........... ........... ... . 

Woa111\dioa: T1111ia.a .... .. . ..... ..... .............. .. .. . .. do . ... ..... .. .... ... ...... . 
Alaak• and no11hurn CanaO,, lo Alganlina.. . .. do ........... .. ..... ...... . 
Sou11> .. 0•1 Poc,lic Ocean: Now Caledonia .. . ... .. do ........................ . 
W••I 11\diea: G,enaa.~:...... ............ ... ........ . .... . do ...... .................. . 
U.S.A. (111) ........... ... .. .. -........ .................. .. . .. do ............ .. ....... . 
.... .. do . .. ...... ................... .. ........ .... ........... ......... . ······do .... .................... . 
Indio .... ....... .... ....... ............. .... ....... ......... .. ........ . . .. do ... ... ..... .. ... ....... . 
lll<ll&. Molayala. lnclooesla. Thailand............ . ..... do ....... .................. . 

... .. do ............. ....... .. . 
... do ...... .... ............. . 

E 
E 
E 
e 
E 
e 
e 
e 
E 
e 
E 
E 
e 
e 
E 
E 
E 
E 
e 
E 
E 

E 
E 

e 
e 

e 

e 
e 

e 
e 
e 
E 
e 
e 
e 
e 
e 
E 
e 
e 

,. 3 NA NI\ 
15 NA NA ~· 3 NA NI\ 

:n 15 NA NA .. 150 NA NII -:1" 
3 NA NA Q 3 NA NA ::, 
3 NA NA 0. 
3 NA NA 

~ 3 NA NA 
4 NA NA ii: 
1 11.U5Jhl NA :;: 
2 NA NA .. 

15 NA NA "' 15 NA NA .. 
15 14A NA ?· 15 NA NA 
4 14A NI\ ;-
3 NA NA .. 

Cl 0 11.~5(bl NA , 
4 NA NA a· .. 

15 NA NA 
' · 3 11 li5(bl NA 

10 NA NA 
2 NA NA 

2 NA NA 

1 NA NA 
150 NA NA 

3 NII NA 
3 NA NA 

15 NA NA 
4 NA NA 
3 NA NA 

'· 3 NA NA 
3 NA NA 
3 NA NA 
1 NA NA 
I NA NA 

15 NA NA 00. 
3 NA NA .... 

:-.. 



Species 

Common name SclanUfk: nam• 
Hlalorlc rang, 

V1t1obral1 
population .,h,11 

1nd1ngerad or 
lhrHIOfWld 

Eagle. bald ............... .. ............... . f/4/iaHlu, leucocophd11 ..... ... ............ .... ..... NOflh Amork:a aoulh lo nonr-i Molco ... . U.S.A. 
(conl1rmlnou1 
S111es. 1.capl 
WA. OR, MN. 
WI.Ml). ""::! · 00 ... ............................................................... ·· ····do ····· ............................................. ............. . ...... do ......................... .. ....... .. .............. . 

Eagle. GrHnllnd whllo•lailed ...................... . 
hgla, harpy ... .. .... ..................... . 
Eagle. Philippine ( -mookay •eallng) ............ . 
Eagle. SpatMah Imperial ................... ............ . 
Eg,ffl. Chinese ................ ...... ........ .. ............... . 
Fa Icon. American peregrine ......................... . 

N1li1Htu1 1/bici/14 ~n/andicus ........ ... .. ... . 
H1rp;1 harp~ ............... ..... ..... ...... .. ... . 
Pilhtlcophag1 }Blfory/ ..... .. ............ .... .... . 
Aquila holilc1 1dllbtKtl .... ...... . 
Ega,111 eulopho/111 ........ .... .......... ....... .. 
Falco fHH"tl(lrinv• analllm ................. . 

Falcon. Arclic paregrln<I ........... ..... . Falco p,,r,,g,inv• t&nc:tt,• ... ... 

F 11con. Eurasian peregrine ............................ Falco port>(Jrinu1 J»l"B(Jrinu1 .. ... . 

Falcon. northorn aplomado 
f IICOfl, pereg,Nle ....... ......... . 

Finch. laysaro (hooeyc,eepe<) .. . . 
Finch. N,hoa (honeycreeper) ...................... . 
Ft.-celche,. Eule,"1 ..................... . 
Flycalchor. Seycholloa paradise ..... . 
Flycalcher. Tahill .............. . 
FOdy. Seychelles (woase<-frnch) ... 
f1.g1 lebi, d , Andrew·• -·· ··· ··· 
Goo1e. Alau111n C1ned1 . 
Goot1, Uaw1111n t • oen1) .. 
Go1h1wk, Ctvl11m11 l1l1rtd .. ...... .. , ........... ... . 
Gracki<I. 1londer•billod .... ..... ........•................ 
Gruaw,on. Eyroan (llyr,alche<) 
G,1t>e, AMlan ...... ... .... ... .. ...... . 
GrHnshank. NordmaM·a ......... .. . 
Guan. oo,,..i ........ ...... ... ................. . 

Gui. Au<1ou1n·1 ........................... ....... ... .. .. ...... . 
Gull, rallcl.. ... .. ................... . .. 
Hawk. Anjouon laland aparrow .................... . 

Falco loo>O<'AliJ Hp/r,n~lorl.l,• 
Falco P,,,ogn,>u• ... .. ......... ... .. ... .. . . 

re/lJ,py,a I -Psitrro,ITa) cantso , 
re'8sPy,a t -"5,1/itoslTI) un,ma . 
EffJ)idoti.u 1ul11ri /ohlUtofHII ..... 

r orps,phon. """'1nl ················ ······· 
Pom•roa nigra .... .... ..... ........ ......... . 
FovcJ;1 socholl•,vm ................ . 
Fr~•t• • ndr11wsl ..... ........ .... .. .. 
Bt•nl• C4114dtlns.i, ~ ru-• 
NtJJOChtln ( - Br•nt•) undw:t1nSJ1 
Acc1p,1ta, l••ci•tv, /J4l•H• .. .... . . 
Ovi1,calu1 I -C.ssklt,) palustri, 
Amytom,1 fJOyderl .......... ..... .. 
Pod,iym1Ju1 gipu ................ ... . 
rr1nt,µ, (J<IIDfN .... ..... ......... .. .. .. .. . 

OwcpllJIJi, ~ ...... . 
t,,u, ,clCJcAJinii .. ...................... . 
L '"'' ,w//cru, .... ............... .... .. 
Accpt..- ltanc.•li pv$/llu1 .... . . 

------- ------ -------·· · ------ --- --·· 

Greenland end adjacenl Allanllc lal1nd1 .... . 
Me,lco aoulh 10 Argonllna ...... .. ................... .. 
Phlllpplnes . . .•. .. .. . ....................... ............ . 
Spain. Morocco. Algeria ........................ ........ . 
China. KOfea ........ ............. ...... ..... ............... .. . 
Neste horn conuat Alaska aaou north­

cenl,al Cl'nada to cenl,al Mexico, wtn• 
ler, aoulh lo Soulh America. 

Ne1t1 f,o,n Jl0f1hem Al1sk1 to G,een,. 
lan<I; wlnlo11 aouu, to C.,nllal and 
South Amorlca. 

Europe. Eurui1 aouth lo Alrlca and Mid· ..... 
US A (AZ. NM. TX). Medco. Gual1mal1 .. 
WOfktwKle, • •copt Anta,cUca and moat 

P1clf1c lslanda 

U.SA. (HI) ... ............. ............... .............. ......... . 
...... do ........ .. . 
Wes1 Indies Grenada ............................... . 
lndl1n Ocean- Soychollu ... ............. . 
Soulh Pacilrc Ocoan: h hrU ................... .. .... . 
IOdl1n Ocean Seychelles .. ......... ............ .. ... .. 
Ea,t Indian Ocean . . .. .. ...... .. ...... ........ .. 
us A. (AK. CA. OR. WA). Jap,n ................ . 
USA. (HI) ... ................ ..... ..... .. ................... . 
lodlan Ocoan: Chrl11moa laland .................. .. 
Mexico ........... . 
Au1llali<I ........................... .. ............................. . 
Guatemala ................. ...... ... ... ..... .. ................. . 
U.S SA., J1p1n. aoulh 10 Maloy,. Borneo .. 
Oual•mala, Moatco ...... ..... ... ... ..................... .. . 
Meditenanoan Sea ........... ....................... .. .... . 
lndla. Cl~n, .... ... ..... ... ........ ........................... .. 
lndlan OcHn: C-Omoro l1land1 .................... . 

U.S.A. f'NA. OR. 
MN. WI. Ml). 

...... do .. ........ .. ....... .. .... . 
······do·· ... · .... ............... . 
• .... do .......... .. ............. . 
Enllro .. ....................... . 
...... do ......................... . 
··· ···do .... ... .... ... ...... ..... . 

...... do .................. ....... . 

. .. ... do ................... .. ... . 

...... do ... ...... ..... .. ... ... . 
Wh&ll>Of lound In 

wild In Iha 
conlermlnouo 48 
SlalH. 

Entire .... ...... ... ...... .. .... . 
.. ... . do .. .................... .. . 

.. .. do ........................ . 
...... do ........ ................. . 
. .... do ....................... . 
.... .. do .. .. .. .. ........ .... .. .. . 
·· ····do ..................... . . 
······do .. ..... ....... . 
.... .. do .. .. .-.... .... ....... ... .. . 
. .. ... do .. ....................... . 
... .. . do ......................... . 
.... .. do ......................... . 
...... do ......................... . 
...... do .............. ... .. ... ... . 
.. .... do ..................... .... . 
.. ... . do ................ ......... . 
.... .. do ................. ........ . 
.. .. .. do ........... .............. . 

s, •. 
lua 

E 

T 

E 
E 
E 
E 
E 
E 

T 

E 

E 
E(SIA) 

E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
I: 
E 
E 
E 
E 
E 

tl4'wlt. , Oat"p,.go1 ........ 
llawk. Ho..,allan (•lo) 
llermll. hook •bllled (hummingbird) .. ............ . . 
tton•)'c,eApet, c,,,1ed c- 'ako,1•"ohe) .. .... . 
ltornbtll. holmol1d .. . .. . ................. . 
llorioy1al0f. halmal1d .......................... ........ . 
~ , . J11pa~1• c,111.ct ...... .... . 
~agu ........... : ..... ·· ············ .. 

But•<> g•'•P•(JOMtlo ......... ... .. .. .... ... . Ecu1dot (Clolapa- l1land1) . . ..... . . . do . .. .. . ... I f \ 
Bult'O , 011t• nv• ... ... ..... ....... ... ... ... ... U.S.A. (Ill). . . .. .. . • . do . .. . .... ........... ( 
GIAvc;, t •R•mphc,don) dohmll .. BruM ............ ..... ... ...... ..... ... ....... .. ...... .. .. . .... . .. . do .. .. .. .. . . ......... ( 
Palffl(fr/a doidl.................. .. ..... .. .. ....... U S.A. (HI) .. . ...................... ........ ............. . . . ... do ............ .... .... E 
R /llnc>pl1n "'fl/1 ...................... ... .. ............... ...... Th1ll1nd. Malayala ............................... do ............ ........ E 
Moliphag1 CIIMU.......... .. ....... ...... ... Au1lr1ll1 .. •.. .... .. .. . ...... .. ... .. ............... .. . ... do . .................... E 
IV,rponi1 njlpon ... .................................. ..... .... China. Japan. USSR , Kor11 ..... . ... .. . .. . . do ..... ... . ....... ... E 
Rhyncx-..,,.to• ~ru. ...... . South P"r- ltlr ('\(-" "'"' .._,,._ r-., .. .-.,.,,1 . 

When 
Mllod 

1. 34 

3• 
15 
15 
3 
3 
3 

2. 3. 145 

2. 3. 145 

15 

210 
145 

I 
3 
3 
3 
3 

15 
1. 3 

1 
3 
3 
3 
3 

1$ 
3 
3 

15 
3 

·~\ 16 
4 
3 

Cttliclll 
habltal 

NA 

NA 

NA 
NA 
NA 
NA 
NA 

17.85(b) 

NA 

NA 

NA 

N" 

NA 
NA 
NA 
NA 
NA 

N" 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

N" 
NA 
NA 
NA 

I.()> 

Spicl<II 
.... 

f\JIH :-.. .... .... 
NA 

11.41(1) 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 

N" 
NA 

NA 

"' N" 0 
NA n NA .,, 
N" llQ 

NA n 
NA ?" NA 
NA ,..._ 
NA ... 
NA ~ NA ... 
NA &a 
N" 0,, 
NA 

'" NA !!: NA -NA ii" 
:, ....., 

kA 

~ II" 
NA 
NA :n 
"" "' :r 
NA 

Q tlA .. 



~~.-~.i~~·~;;;.;;·:::::::::::::::::::: I ~:;,.;-;:;~;i;J·:::::::::~::::::::::::::1. :1 :~:;,·~~:~.6:;,c~~·i~;~;~~•••·•:::.::::::::~::.:::~::::::.::.::::::::.I 

HAwlllt , GalapaQ()a .... ....... ............ ............ ..... ... . 
H•wk. H•w•li•n (-lo) ......... ....................... ... . 
H•unn. hook·b<lllld (hunvnlngblul) ............... . 
Honeyct••pe,. ci•oled 1-•a1io11ekone• ······· 
Hotnbill. helmeted .............................. ........... .. 
Honeyulw • .......,.,.., ... ..... .......... ....... .. .. ... ... . 
IDl1. Jop•neM CfUled .. .. ...... ............... .. .. ..... . 
K1gu ... .... . ............................ .... ...... ...... ........ .. . 
K1kopo (- owl·pl/lOI) ................... ......... ....... . 
Ka1uat. Mauilliua ..... .... ..... .. .. .•....... ..... ....... ..... 
Kuuel. Seychallu .... ........... ................ ........ .. 
Kingliahe,. Guam MiaOMIWl ... .. .•... ..... ..... 
1<,11. Cube hook·blllad ... .. ... ............ ....... ... ..... . 
Kill . fv.,gle<le on&M ..................................... .. 
K11a . Gr anode hook-llillad .......... ...... .... .... ..... . 
Kohko (w1nt,ot,itd) ......... ...... ............. .......... .. . 
Moc••· g11ucoue ........... ......... ....... ........ ..... ... . 
Moc1w. lndogo .......•....... ..••...... ....... ...•. .... ...... .. 
Mac1w. knl• blue ...... ....... ............ .................. . 
M1gpl•·<Obin. SeyclWIIIH lllvulll • ..... .. ......... 
Molkoh1. led·l1ctld (cuckoo •...... ......... ..... ..... 
Mell11d. Mlll1&n1 ........ ................. ................... . 

""'- f>"--- ····• .. ··••·························· Bui«> IQ/iww ............... ............... ................ . . 
Gi.uc., C -11•~> dolvnll .. ......... ..... . .. 
P11lmtlnlldiJl<M ...... .. ............ ............................ .. 
Rhir,cpl&JI eig/1 ................................. ....... ..... ... . 

~=~~:::::::::::::::::::::::::::::::::::: .. : .. 
Rhynoc/>6t01),,1>atu, ..... .. .....•. ....•................. 
SIF>t/OP' llllb<oplJul .....•.....•.. ..•..•......... •. ......... 
F1lco punc/11/u, ....•...•.....•. .• .• .•..•.•..••..•.•..•....... . 

F111CQ 11•••··· ·········· ················· ·········· ·············· 
ll•lcyon cinnllmomlnll c/11,111momillll .........•.. 
Cl>ondTo/ri(;(IJl I/IICMllllUI ..,JSOfli .. ..•.. .. ......... 

R0$1Jt11ll1"'1 ,ocillt>Ji# ~•······ ·· ···· 
Chonao/1,-.,,.,, l#lCN/14 "'""'········· ···· ······· · c.n. ... cin,,, .. ... , .................... .•• .......•... ....... 
A/lOOOfh~ gilli,c.,. ........................ .. ...... . 

~':'!'::.~.~::::::;:::::::::::::::::::::::::::::: 
Copsychu1 s.chfJ/"""'11 ................................ . 
Pfllltmicop/llltlUI p~W ................. . 
Allll• O<JSl•~II .... .. .. .................. ........ .............. . 

M"Qopo<le. Miaonelilll (-La Pe,ouoa·•• .. ~• /llp<NouH .............. ..... ..... .......... . 

Mo,gopo<le. M1l100 ..... .... ....... ....... ........ ..... ..... .. M1aoc .. pr,.IOII ma'-o ................................... . 
M~lotbold. Nihoa (old """1d wl/Dlw• ............ A~4'• /i,milill,u king/ .......... .............. . 
Mooa,cti. Tlnlan (old wO<ld liyulcha< •....... .. Morllllchll IIAI/JUAllU ... ..... .......................... . 

M001hen (-g•llinul1•. H1w1il&n common .. . Gallinulll chkxopu, undv~ ................ .. 
MOOlhen (-Qlllinul•·• M11iana common .... G•llintJII chloropu, gueml ........................... . 

N,gti~II (•whip-poot·WIII). P-10 Rico ...... . 
Nut.upu·u (honeyctNpw •... ..... .... ........ ........ 
·o·o. K1ueJ 1-·0·0 ·A·•• (tiooeyea1w• ·•·· .. .. . 
01ulch. Al•Dlln ... ... ..... ... .. ........ ... .. ............... .. 
Oauich. W111 l.lric&n ................................... . 
·o·u (tooneyet .. pe,) ......... ..... ........ .... ..... .... .... . 
Owt. AnjOU&n ocopa ....................................... . 
0 .... glanl ocopa ............................ ................ . 

Owl. Seyc/Willaa ................•........•............... •. .... 
Owl•~ Moulon·a (-Sotr.ou) ........... .. .... .. ..... . 
P•bia (honeyc,Npe<) ....... ..•.•..•.... .. .... ...... ...... . 
P111kN~ FO<b<l1' ... ........ ......•......................... . 
P11•kN~goldwt ... ...... ... ... ..... .......... .......... .... . 
P111kNI. ll(lldln·ahouldowed (-l>oode<IJ .. . 
P111kHI. Ma~ ......•.................................. 

CapnmuifJ<4 noclilhww ....... ........................ . 
tlami(ln,,lhiJS tJc"1W ........................ ..... ....... . 
Moho b<llCXJl(UI ................... ........•... ........... .. .. 

SIIUlh,o U.rnt14'• lyrYCUI ···· ···•••·· ··•· ··· · ·· ·· ···• ·· 
Stn.,/11,o c.maiu1 sp,,W ..... ............ ............... . . 
PSJtlircnu, ~n•c.·N ........................ ........... .. . °'"' "'""'' ~ .................................. . 
0,.,. IJ'KT'dy/ •. .•...... ......•. .•. ..•..••.... .••. .. ... .......... . 

0,u, ¥11Uwia ....................................... .......... . 

O,u, """"······ ····· ···· ···· ···· ·············· ········ ········ · 
L """""°"s C • ~lliwlto l bllJJau/ ....... ......... . 

Cy•oor•rnplk,1 lll.JflCtl{)• lo,NM .... .............. .. 
Nll!Nyll f/UIVO<,U ...•............. ....... ....... .. .. ... .. .. 

Pup/lol<R c:Nywpl"')J>W ....... ............... ..... . 

/,t/lla,/,a """"······ ···························· ·············· 

Ecua&Jo , (Oalapa~• 1•1•001) ..... 
USA. tt1IJ .. ...... . 
81,uU 
US.A (HIJ .. 
TliaU111d. MIIOr... . . .............. ... . 
Au1lt1h, ... .. ........... . 
China; J•pan. U.S.S.A.. K01H ... .. 
Soul/\ P1c1flc Ocean: N•w C&lo<lorwa ... ..... . . 
Now ZHllnd ...... ..... ...... ...... ..... .. ... ... .............. . 
Indian OcHn. Maut11lua .................. .. ....... ... .. . 
Indian Oc11n: Saycllolln lolanda ... ............ . 
We.lorn Pacific Ocun: U.S.A (Guam) ...... . 

Will looao: Cuba . ····· ········ ······· ······ ···· ········· · 
U S.A. lfll. Cuba .......................................... . 
Will lnd1ea: G,an•de .... ... ............. ............... . . 
N•w l•al•nd .... . . .... ........... .... . 
Pa1ayu1y. Uruguey. 81uU ..... ... . 
a,u~ ............................................... ................. . 
...... do ...... ............. .. ·· ···· ·············· ····· · 
lnJlan Ocun: S,1yctiullu• l1land1 ............... . 
St1 Lanka (-Ceylon• ....... ..... .......... .. .......... .. . . 
Wosl Pacilic Ocoan: U.S.A. (Guam. Mllli-

•n• l•lon<ls) . · 
Wo•I Pocihc Ocean: U.S.A. (P•l•u l1land. 

Mariana l•l•llll•• · 
lndon•ola (C8lub<i1J .. ............ ........ .. 
USA. 1111) .. .. ........... .................... . 
W•.ium Pacific Ocoa11: U.S.A. (Matiana 

lolan<I••· 
US.A. (HI •......... ..... .. ................................•...•... 
W••'"'" Pacilic Ocoan: U.S.A. (Guem. 

Tlni•n. Saipa11. P•g•n•. 
US.A. IPA . ...... ..... .. ..... ................................... . 
US.A. (~11) ...... ......... ...... ..... ....... .... ................. . 

.. ... do .. .. ······ ···· ···· .. . ·.····•· ··· ·········· ······ ··· ·· 
Jo,dan. S•uJI Atabla .. ...... ............... .... ....... ... . 
Span1111 Sah11• ···· ··· ···· ········ ························ ···· 
USA. (ltlJ ........ .. .. . .. 
lndi"n Ocu.an: Como,o l1l1nd .. 
Pluhµp1111n : Ma11n<Juqutt and MU)(Ja.nao 

lilind. 
lml,.,, Ocoan: S")'Ch8IIOI l1lanJ1 

K•nr••·· ·· ··· ······· ······ ·················· ··········· ····· ······ ··· 
U.S.A (HI • ............. .................... ...............•.•.. ... 

Nuw Za•lind ·· ·················· ················ ············· .. 
81uu .. .... ... ....... ................ ............. ......... .... ... .. . . 
Au11.tai,1 .. .. .... ..... ........ ........... ...... .. ... ....... .... .. . 
lndl1n OcHn: Mau11llua ...... ........ .... .. ............ . 

...•. . CIO. 

. ... .. ao 

. ..... do ............. . 

. ..... do .. ......... . 

. ..... do ............. . 

. ... .. do ..... . 
do .. ......... .. . 

..... do ........... .....•........ 

. ..... do .. ....... .. .. ......... .. . 

.... .. do ...... ...... .. ........ . 

...... do .............. .. .. ....... . 

. ... .. do ....... ........ ......... . 

. ..... do ............... .. ..... .. . . 
Flotid1 ............. .......... . 
fnli11 ..... ....... ... ........ .. . 

······do·.······················· 
. ... .. do .... ................... . . 
····· ·do················•······· ·· 
..... . do .............. .......... .. 
...... do ....................... .. . 
······do ....................... .. . 
··· ·• ·do·.··········••··········· 

. .... . do ..... .......... ....•.•.. . 

.... .. do .............. ....... .... . 

. ..... do ............ ... ..... ... .. 
······do·.··········· .. ... ...... .. 

...... do ........... . 

...... do .... - ...... . 

.... . do ...... .. ...... . 

. ..... do ........ . 

. ..... do .... .. ... .. ... ...... .. . .. 

..... . do ............. . 
•..... do. 
. .... . do ............. . 
.... .. do ..... . 
...... do ........................ .. 

.. .. .. do ... ....... . . 

...... do ................ ...... ... . 

...... do ...... .................. .. 

... .. do ............... ... ... ... . . 

...... do ... .. . . 

..... . do ... .......... . 
······do······· ··· ·············· .. 

•~ I 

~ 

1 
15 

1 
15 
4 
3 
3 
3 
3 
3 
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3 
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3 
3 

16 
15 
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3 
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23 

3 

3 
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NA 
NA 
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NA 

NA 
NA 
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NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
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:i 
i .. o· .. 



CX) 
0) 

Common name SdenUllc ,,_,,,_ 

Parokeat. octv••ma,ked ... ........... ...... ....... .. ... . Pyrrltvra crv11nlol1 ......... .. 
Pa,akoet. orang&·bellied ... ..... .... ............ .. .. .. . N,-...-,pt,,,me c/VJ·•<v• SIM ............ ... ... . 
Para~eet. parad;u (-beoulilul) ................... . Psepho~ pvlcherrimuo ............... . 
Pa,ekeet. 1c1,lel·ChillBd ( • tpltmCSid) ..... .. . NuophBme fll)IBn.1'111 .................... ...... ... . 
P111keet. 1u,quol1e ........... .... .. ... .. ... .......... .... .. Nt,op/>Bme pvlchella .. .... .................. .. 
Pe,,01. Austtelien ........ ..... ............. ....... .... ..... . . Goops,·11,cv• occicl,ml.l"' .......................... .. . 
Parrot. Bahaman o, Cuban .. .. ... .................... . A.muOfl• lt>veocopt..1.1 ............. .................... . 
Parrot. ground ................................. .. P111cyxxu1 w•ll,cu1 ....................... ........ ........ . . 
Pa,10I. tmperi,,I .. .. ......................... .................. . An1aron• lnJPtHi41i1 ....... ... .......... ........... .. .... ... . 
Parral. Puono Rlc&I\ .................................... .. . AniuOfl41 vittat, ................................ .. ... . 
Parrot. ted·b<owed ........................... ............ .. . A.maZO/JI rhodocotytha ............... .................. . 
Parrot. ted•capped ............... ........... .............. .. Pionopsilla pilHto ............................... .......... . 
Porrot. 1od•necked ..................................... .. .. Atharon, •r•vsi1C4 ... ....................... ... .... .... .. . 
Parr 01. red•opectac .. d ............. .............. .. ...... . A.muOfll pr1t,-,,/ prr,tnl ...................... ........ .. . 
Parrot. St. Lucia ............................................. . AmuOtM versicokx ....................................... . 
ParTol. SI. Vinconl. ........................................ .. A.maw,,. (JIJ'/ongil ......... .. .. ...... ......... ....... ... ... . 
Perrot. lhlck·blllt>d ............................ .. ............ . Rhyncho(,s//11 p,,chyrhyncha ................... .. 
Peuot, vtnaceou1-ble11led .. ..... .... ..... ........... . A.tnazo,,a WMC6• ............................... ............ . 
Parrolbill. Maul (hon<tyc,eeper) PstJ<XJonesto, xan//Jophty, ....... .................. . 
Pelican, blown .... .... ..... .. ..... ...... .... ...... ..... ....... . PBIOC4nutJ OCO<lonl.lli• ................................. . 

Pongoin. Galapagos ...................................... . Sphenisc~ tn11ndlculu• ..... ............. .. 
Pelrtl. H•w•U•n dark·Nmped ...................... . Prerodroma p/la6Cf1ypia und>ticoonsi• ...... . 
Phouant. bar •lalled ....................................... . Symu,tlc:v• humalB ...................... ................... . 
Phenont. Blyu,·, ltagopan ............ ............... . Tn,90Pan b/)1hli ................ .................. .. . 
Phe111nl, btown eared .... .. ................. ...... .... . Crouopt,ton m•nlchincum ........ ................. .. 
Pheuont. C.bol'a hgopan ......................... . Tror;op,,n C4bo~· ... ......... ... .. ..... .. ... ... ....... .... .. .. . 
Phauant. Chlneoa monal.. .. .. ......... ..... ........ .. L opt,opt,o,u, lhuysM... ............ .... ...... ..... ..... .... . 
PhHsant. Edward·• ....................... ................ . Lcpt>ura «tworrlsl ..................... .. .................. . 
Phoaunl. Elllol'o ........................................... . Sy,malictn •I/Joi/ ........ .. .... .. ............. ....... .... .... . 
Pheu•nl. lmporlal ........................................ .. Lophur, lmpdr/•ll• .......................................... . 
Pheount. MIio.ado ..... ............................. ....... . . Synnaticu• miAodo ........... ..... ....... ........... ...... .. 
Pheuant. P•l•w•n pHCOCk ....................... .. Potyp/6ctron emphanum .............................. .. 
PhHunt. Scl•t••·• mooat ........................... .. Lopl>ophotu• oc/1rllrl ...................... ........ ....... . 
Pheount. Swinhoe·a .................................... .. Lcphura•..tnhol .. ........ .................................. . 
Phe111nl, weatern 1t1gop1n .... ... ..... .... .. ..... .. Tragop.n tn11/1nocepll.,lin ............... ..... ....... . 
Pheasant. whlll Hied ................ .. ................ . CroSSO('t,ton crouoptllon .............................. . 
Plgoon. Azorea wood ... .. ... ............ .... ............ . Cctumba palurnb<J• uorlca .. ............ . 
Plgoon, Chatham lolond ................. .. ............ .. H11mipha1J• oov•B•HIBnd.r• chlthlm• 

•n1l1. 
Pigeon. Mindoro 100.-lalled ........... ............. .. CJ\Jcul• rnlrKJt:>r-.n,i, ....................................... . 
Pigooo, Pueno Rican plain .. ..... ................... .. Cclumb. lnorNII ... tmotw1 ........ .. .... ........... .. 

tti11onc ,ang• 
Ve,11b<1lo 

populallon whero 
ondangeu,d o, 

lhtea11n..s 

8111M ... .......... ....................... ................................... do .................... .... .. 
Au•~ aUa .... ...... .. ........................................... .. ... do ............... .. ....... .. 
... ... 00 .. ........ . ... ................................. ............. .. do ......................... . 
. ..... do ......... . .. .... .. ............ .................. .. do .. ....... ................ . 
..... do ......... . .. .............................................. . do .. ...................... .. 
. .. 110 ........... .. .. ... ...................... .. ........ .. ........... ..... . do ......................... . 
Wosl lndieo: Cuba. Bah•m .. , Cayman, .. .. . .. .... do ......................... . 
A11sh alla ..... .. ... .......... ............................ . .... . do .. ... ......... ... ....... .. 
Wosl lndlea. [)on1lnlc1 .. .... .... .... ..... .......... ...... ... ... do ... .. .................... . 
U S.A. (PR) ...................................................... . ..... 00 ......................... . 
BruM ......................... .. ..... ...... ................. ......... . .... . do .................. .... ... . 

.... do ...... ............ .................... ... ............................ do ......................... . 
Wost lndloo: Dominica ................................. .. 
8ruU. Argentlno ............................................ . 
Wo•t lndleo: St. Luci• .................................. .. 
Wost lndloo: SI. Vlncenl.. ...................... ...... .. 
Me,ico, U.S A. (AZ. NM) ............................... . 
BrazW .. .................. ........................................... .. 
USA. (HI) ....................................................... . 
US A (Corollnu to TX, CA), Weot lndlea, 

C. and S. Amorlca: Coulal. 

Ecuador (Galopagoa l1l1nd1) ....................... . 
U.S.A. (HI) ....... ................................................ . 
8u,ma. China ................. ................................ .. 
Butma. China, India ....................................... . 
China .......... .... ................................................. . 
.... .. do .... .. ..... .. .. .... ..... ...................................... . . 
.. .. .. 00 ........ ....................................................... . 
Vleinam ............... ........................................... .. 
China .............. .. .. ............. ....... ........................ . 
Vietnam ............................ .............................. .. 
Taiwan ............................................................ .. 
Phlllpplnao ....................................................... . 
Burma, China. India .... ... .......................... ... ... . 
Taiwan ...................................... ....................... . 
India, P•klslan ................. .............................. .. 
ChlN {Tibel), lndla ........................................ . 
Eoot Atlantic Ocoan: Aloroo ....... ................. . 
New Zeol•nd ................................................. .. 

...... 00 ......................... . 

...... do ........................ .. 

...... do ... .... ...... .. ........ .. 

.... .. do ........................ .. 
MoJUCO ....................... . 
Enllta ........................ .. 
...... do .................... .... .. 
Entite. ucepl U.S. 

AtlanUc cont, 
FL. AL 

Ent111 ........................ .. 
...... do ......................... . 
...... do ........................ .. 
.. .. .. do ................ .. .. ..... . 
...... do ......................... . 
.. .. .. do ......................... . 
...... do ....... , ......... , ...... .. 
..... . do ......................... . 
.... .. do ............... .. ..... .. . 
...... do ................. , .. .... .. 
...... do ......................... . 
.. .... 110 ... .............. .. .. .. .. . 
...... do ......... , ............... . 
...... do ........................ .. 
.. .... do ... ...... .......... .. .... . 
...... do ........................ .. 
...... do ..... ... ................ .. 
...... do ........................ .. 

PhtllppinM ............ . _ ........................................... do ........ , ............... .. 
U.S.A. !PR) ............................................................ do ............... , ......... . 

f'ipl,~ •gu•n. btac11 .f,onle,J .... I 
:::::~~i;z~~.i~.~.~~.;~.·::.:):)·)))i fr:~§=~=~:::::::::::::::::::::.:.:.:.:.:.: ~~!~u~::::: ::::.:·:·······• ....... .................. :I ::::::: :::::::::::::::::::::::::1 

U S.A (Gre,·I lokoo northe G .............. do ........................ . 
· p,.,,, ,. "' "'"· .,_ -·· ,· ,,... .. rn real 01111 lake, 

SI•· When 
tu, bled 

E 3 
E 4 
E 4 
E 4 
E 3 
E 3 
E 3, 16 
E e 
E 3 
E 1 
E 3 
E 15 
E 60 
E 15 
E 3 
E 3 
E 3 
E 15 
E 1 
E 2, 3. 171 

E 3 
E 2. 4. 1 
E 3 
E 3 
E 3 
E 3 
E 3 
E 3 
E u 
E 3 
E 3 
E 3 
E 3 
E 3 
E 3 
E 4 
E 3 
E 3 

E 16 
E 2 

; I 16 \ 16 

., .~ 

Qttlc&I 
hebOat 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
UA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

KA 
NA 

NA\ NA 

~A 

&p.clal ...... 
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 
UA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

"" NA 

N-' 
N.a. 
NA 

-... 
~ ... ... 

"' 0 
n .,, 
JO 

p 
...... .... 
~ .... 
~ 
0, 

'" ~ -o· 
~ ....., 



. I . -. 4 • ! I r ~ tr}. 't l ,• ~=·. ~=~ ;:i.-.:·.::::·::.:·.:·.:·.:·:.:·.::::: ~"!. ¥1C)ff:r;.~~·;;;;;;;.J::::::::::::·. ::::::::::1 t~''t.\P,~. :·::::::::::::::t:::: ::J:::::::::9.::::1 :::?.: : ::::::::::::::::::::::1 

~~---·------------··. 

~H . .&iDC:WI 

I' 
0,) 
-l 

f t;~[t:.~;;§.L;::i::::~;;:;:l::;;:;J f¥t.~d2§..!!i!i:i:!!<ii;;i:J & t:r.1~[£;: ::L~i~::::.=~:i::::ci~~~;:: 
Pl•lna. AUantic and Gull couta. PA 
\Ill . Canai.l&. Mai<i,;o, Ballamu, Weal 
lndlH. 

Do ............ .................................................. ( ..... . 00 .... .. ........... ........ ..... ............. . .. ... 00 ........ .. 

Po·ouM (hOoeyci••pa,) ........... .. A/a/4mp,- pl>M~ ............. .. USA. (HI) ............... .................... .......... . 

Pr•irie·ciloCl"an. Anwel«'a QIHIW .. . ..... .... . .. Ty~nuch4A eupiclo aftWalM ....... . US A. (TX) . . ........ ............................ . 
Oua~. Mo<tlam'a Mon1eiuma .. .. Cynony,, montuvma. m,,man,i ... .. Ma"w:u (Va,• C1u1) ....... ................................. . 
0ua1J"4. 1aspl•n<lan1 .. .. .. ........ ................ .... . .. Phat0mae1>11J• mocJnno ........ ........................ . Muxk:o lo Par,ama .... ... ............ .... ...... ..... ....... . 
A•~. A.,kland lalan<I .. .... . R•llv• P«lon,li• mve/NHI .......... ........ .. ....... .. .. Now Zualana ................................................ .. 
Rail. C.Ulomla cleppw ........... . R•I""" lonQirostru obso/;Jlw ... .. .. .. ....... .. ....... . U.S.A. (CA) ........ ................................ .. 
RAM. Guam .. ... .......................... .. ..... .............. . R•tl'4 '1..-Stoni ............. .. ... ............. .... ... .. .... .... . WlliUWn Pacilic Ocean: U.S.A. (Guam) .... .. . 

Rell. lighl·loolod clappe, .. ... .... .... ....... ..... ... . R•l"4 k>t>Qioslti, »•~• ............................ .. U.S.A. (CA), Me<ico IB•I• Cahl0<nla) ....... .. .. 
Reil. Lo,d Howe .,ooa ..................... .. .......... .. Tnc/)C)/imna• syi>'oJ11tiJ .. .. ........ .. Au•Ual11 (L<>t<I ~low& l•la1id) .. ... ..... .. ......... ... . 
Rail. Yuma ctaww ....................................... .. RJJ/uJ k>nQiroslti, yi,r,w,anliJ .... ............ ... .. Me•ico. U.S.A. (AZ. CA) ............................... . 
AhH. o .... 1n·a .. ............. ...... ... ....... ................ . PtlilOClltl~ -~ .... ...... ..... . .. .. ....... ... .... .. . Arg•nlil,a, BoUvla, Pe1u. UrU\juay ................ . 
Robin. Cl\ellwn 1,l&nd .... . Pallolcatra-.J .............. .. ............................ .. N•w Zaalan<I .. .... .. ......... .. ..... ...... ............. ....... . 
Rollin. &ea1lal·blaulod (llycaleha,) . PWolca mu/1,(;0J()f mullicolo< .............. ....... .. Aua~alla (N0<lolk l•land) .............................. . 
Aocklowt. g,ay•oeckod ........... ...... . AcillhaflllJ o,w• .. .. .......... .... ... ........... .. ... .... . Cameroon. Gabon ....................................... .. 
Aocklowl. ••hl•·oeckod ................ . Acill/lMIH gymnoctlpN/'4 .. .. ... .. Aliica: Togo 10 Si•11• L•one .................... .... . 
Roll.,, long·lailod g,ound .... .. ..... . "' ·••Jomil c/limd(I(• ... .. ....... .. .. .. M•l•gaay Aupublic (-Maoaga&ea1) ..... ...... .. 
Sctub-bild. OOlty .... ... ......... .. ...... .. . All~ cjall)(Jw.t .. ............ ....... .. .......... .. Auttsalia .... ................... .. ..... ........................... . . 
Sr.ama, C.oo black (lllruall) .. Copsyc/W ni(/IN ~ .......... . Plllhppinea .......... .............. ..................... .... ...... . 
$1\aatwatw. Neweu·a Townaaoo·a (10< · Pv/1""4 •~ (IO<m6tl) p,.,llinu•I US.A. (HI) ......... ....................... ....................... . 

m.-1) M11Ut) (-'A•o). lltl ... lJI. 

.. . 00 

. do .. . 
.. ... 00 .. .. 
G1oa1 LakH 

'llllllUflhe<I W'\ 

S1aioa of IL , IN • 
Ml. MN. NY. OH. 
PA. and WI •n<I 
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Species 

Common name Sclenlillc name 

SIIII. H1w1°,an ( - Ae•o) .. .. .. ........ .. . Hitnanlopus - xic•nus ( -hirnan/opusl 
Anudsenl. 

•ll1l0<lc rang• 
Verlobrala 

population Whlfl 
endangered o, 

Uveatenad 

U.S A. (HawaU) ................................................ ...... do ......................... . 
510,k, 0t ient1I white ... .. .... ... ...... ..... . 
Slo1k. wood .................................... .. 

Ciconia ciconJa boycla,,. .. .......... .. ......... .. ..... . Cl~na, Japan, k0<ea, U.S S.A ..................... .. ...... do ........................ . . MycttJria •mt1ric•n• .. ... ... , .............................. . U S.A., (CA, AZ. TX, lo Ca,ollnu), 
Mexico, C..nlral and South America. 

U.S.A. (Al, Fl, GA, 
SC). Swi111ol. Ma1lana g<ay ( - Vanlk0<0) ............ .. 

Teal. Campbell !eland lllghllon .................. .. 

Aarodf•mus (- Col/ocalla) v•niko,en,is 
N rtschl. 

Anas •ucAlandk:• rHlsiolla .. ............. ............ . 

W•stem Pacific Ocean: U S.A. (Guam, 
Acta, Tlnlan. Salpan, Aglguan). 

Enllta ........................ .. 

Tom. Caijfornla leHI ................................... .. . 
Tern, la1s1 ........................ .. ... .................... .. 

Str,ma •nt,tlan,m ( - •.t>ikons) brown/ ........ . 
Now Zealantl (CampboU !eland) .................. . 
Mexico, U.S A. (CA) ........ .............................. .. 

. ..... do .. ... .................... . 

..... do ........................ . Stem• •nt~larum ... ........................................ . 

Tlvuher. while·brouled ... .................. . 
Tlvush. large kaual ............................ .. 
llvueh. Molokai (-oloma'o) ............... .. 

R•mphoclncAJ1 br»chyu,,a ..................... ...... . 
M)'•dtJste, I -PhatKXni,) my•dtJslinu, ...... . 
MyadtJstt11 ( -Pll•BOml•l lllna/1,nsi1 

Ttvush, Now Zealand (wanlebllcl) ............. .. . 
Ttvu,h. arnall k1·,t1 (-pualohl) ................... . 
Tlnamou. aolila,y ..... .... ............ ....... ............... .. 
Trembler. Martlnlqua (llvathar) .................... . 
V~eo, lout BeU'a ........................... ................ . 
Wanderer, plain (collared•hemlpode) .......... . 
Warbler (wood). Bachman·• .................. ....... . 
Warbler (wood). Barbadoa yellow ................ . 
Warbler (wood). kirlland't .. ....... .. .......... .... . . 

<-obsc<N1J1) rvthll. 
Tvnagra C11ptJns/1 ................... .. 
Myadtlsto, ( - Phaoomls) palm/HI ..... ......... .. 
T,namus $0//tarAJ, ... .......... .. .. .. ... .. ... .. ... .. . . 
CinclOcorthla rulicaud4 (lllttura/11 ..... .... ........ . 
V.-oo t>ollil pusillus .. ............................... . 
P«iio,tomou, lorquatus ................. .. ... .. .. ...... . 
V•mwor• b•cllmi,nil .. ............. .. .. ....... .. ......... . 
0.ndroic• potocN. polochltl ...... ...... ........ .... . 
0.ndrolca AKtl•ndll .. .. .. .. ................. ........ .. .... . 

Wa,bler (willow), nlghUngale rtad .. ...... ........ . Acrocophai111 /u,c/ni• ................. ....... .. 

Warbler (willow), Aodtiquoa.......................... 811/Jrom/1 rodtlricanu, ............ ....................... . 
Werbler (wood). So~r·, ...... .................... ... L•ucop,r• ••mptJri ......................... ... ... ....... . . 
Warbler (wtllow), S1ychall11....................... .. . 811/,,omb ,ochallonsi, .. .................. .. ........... .. 
Whipblld. Wulorn ...................................... .. .. P,ophodtJ1 n,propul•r/1 .. .......... ............. . 
Whlle •eye. bridled ................ .. ...................... Zv,torop, corupicill•III conaplctll•lil ...... ..... . 
Whlll ·•r•. Norlolk 1,tand .................. ........ ..... Zo,lorop, •lbo(Jul•ri• .......... .. .... .. .. ................ . 
Whlle·eye. Ponapa grHllf ..... ....................... RuA,,_ longiro,tra (-unt\:Jnl) .................. .... . 

U.S.A. (Allonllc and Gull coul1, t.Al1t. R. 
Basin, CA), Gr. end leuor AnUUea, 
Bahamu. Mexico; winlora C. America, 
northofn S. Amorlca. 

Wo11 lndlea: SI. Lucia, Mertlnique ............... . 
U.S.A. (HI) ... ..... .. .. ...... ..... .. ...... ........................ . 
.... do .................. ..... ...................... .................. . 

New Zealand .... ................. ... ......................... .. 
U.S.A. (HI) ..... .... .. .... ...... ... .. .... ... ...................... . 
Brull, Paraguay, AlgenUna ......................... .. 
Wost lndloa: Martinique ............ .. ............ ...... .. 
U.S.A. (CA), Mexico .................................... ... . 
Auslralla ............................... .. .. ...................... .. 
U.S.A.(Soulheule,n). Cuba .... ..... ................. . 
Weol lndlee: Ba1bado1 .................................. . 
U S.A. (prlnclpally Ml), Canada, W111 

lndloa: Bahama hl1nd1. 
Woellfn Pacific 0cHn ................................ .. 

MaurlUuo (Aodrlguea l1land1) ....................... . 
West lndlaa: SI. Lucia .. .. ......... ..................... .. 
Indian Ocean: Seychellaa t,tand ................. . 
Aualralla .................. ............ .... ............ .......... . . 
Western Pacilk; Ocean: U.S.A. (Guam) .... . 
Indian Ocean: Norfolk i•land, ...................... . 
Woel Pacific Oc11n: U.S.A. (Carolln<t It • 

lendo). 

U.S A. {AR, CO, IA, 
IL, IN, KS. KY, 
LA (Miu . R. and 
bibs. N of Balon 
Aougo), MS 
(Mist. A.). MO, 
MT. NE. NM, ND. 
OK. SD. TN. TX 
(Except "'11hln 50 
mll11 ol COUI)). 

EnUre .. ...... ................. . 
...... do ........ ................. . 
...... do ........................ .. 

.. ... . do ......... .. ............ .. 

.. .... do ....................... . 

...... do ... ........ ............. .. 

.... .. do .... ..................... . 

...... do ............ .. ........... . 

...... do ........................ .. 

...... do .................... ..... . 

.... .. do ....................... .. . 

...... do ........................ .. 

U.SA (Mariana 
llli1nd1). 

Enllta .... ................... .. 
...... do ........................ .. 
.. .... do ........................ .. 
...... do ......................... . 
... ... do ..................... .. .. . 
...... do ...... ................... . 
...... do .. ...... ...... ........... . 
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While ffya, S.ychellH ............ ... .. ............. .. .... Zo,ttlfOf), -"• .................. ..................... llldlan Ocean: S.-.challaa .. .. ..................... .... . .. . do ...... ... ............ ... . 
Wo0<l1•ocker, Imperial......... ............ C.rnp,,pMv• lnr,.ria /11 .. .................... .... .. ....... Mo,lco ................... ..... .. .......... ........ ....... .......... . ... do ........... .......... ... . 
Woodpecker. t,,o,y.blNed ............ ........ ........... . C.mp;,phi"11 prlncip,,1i1 ................ .. .............. .. US.A. (aoulhcenlrel and aoulhoael•ml. . ... .. do .. ... ..... .............. . 

Cuba. 
Woodrecke,. red•cockaded ....................... .. .. Pfcoid6• ( -~•> bora••• ............. U.S A. (aoulhc1n1,a1 and aoulhauta,n) ....... ..... do ......................... . 
Woodr•d~,. Trlal1m'1 .. .. .. .. .. ..... ................. . 0)1,cvi,u, /~ vt1n,,. rlcharwl ....... .. ... .. ... ... .. .. k0<H .............. .................. .. ...... ................... .. ........ do ... ...................... . 
W,en. Ouatloloupa houu ..... .. ............... ..... .. Trog/odyttJI •«kHI gualNl/ouponJM ........... West lrdea: Guedeloupa .............................. ...... do .... ... ... .. ....... .. .. . .. 
Wreo. SI. Lucia houu ... ... .... ........ .. ............... Trog/odyt•• .. don mt1,o'-<,cw .. ........ .. ..... .. . Wut lndlu: SI. l ucla ............. . .. .. ................. .. ... do .. .......... ..... .. ..... .. 
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Spoclea 

Common name SclenUllc name 

Qocodlla, Otlnoco .................................. ,...... ~Iv• lnt•IINdiu• ........ .. 
Qocodlla. Phllipplne ................... Crocody/u, no~asguln•H mlnckxwnsi. .. 
Ctocodile, ullwatar ( - oolue,lna) Crocodytu, poro•u• .......... .. .. .. ............. .... . 

C,ocOdile, Slameae .. ~ AJ1 ,iam•n•/1 .......................... ......... . 
Oovlel ( ~ gharlel) .. ............ .. G•vi.lil fllf'(Jilla/1 .................................... .. 

Gocko, day ........................ .................. .......... .. PiH,!1un11 tldwarun.wtonl ........................... .. 
Gecko. Monito . .. .................. ... .. ................... . 
Gecko. Round laland day .. ............ ...... ......... . 
Gecko. Se1penl ltland ........... ................ ....... . 

SphalNVdactylu• microp,thacu, .. .............. .. 

PhBlsum, """"'"-rl .......................... ......... . 
CyrtodBctylu• SBrp'1nsin,ul• ............... .. . 

lgu1n1. Ackhn1 ground ................ ......... ........ . Cydxa nleyf mx;hali• .. ................................. . 
lguan1. Allen·• Cay ... .. ............. .............. ...... . q.,...-, cyc:h/ur, inom•t• ...................... .. .. .. .. 
Iguana. Andtos Island ground ............... ..... . G),rlura cychhxa cyc:hlura ............................ . 
Iguana, Anogoda ground .. ............ ................ . Cyclura pif'(Jui, ....... .............................. ......... .. 

lgu•na. BarllnQlon land.......... .. ................... Conolophu1 pAII.OU. ..................................... . 
lgu•n• . Caymat1 B,oc ground........ .... ..... .. .. .. (;)1:-.tq ,x,b,J, cayman11nsi1 ........... .. ............ . 
Iguina. Cubat1 ground .......... ........ .. ................ (;)1:'4Ka nubill nut,;i, ............................. ........ . 

lguona, E,uma Island ......................... ........ . 
lg011na, F~I bandod ..... ................................. . 

(;)1:'4Ka cyc:hl,.-. fi(lgirui .............................. .. 
Brachylophu1 lasclatu, ................. .. .......... ... . 

Iguana, F,~ CIHled ...... ............... ................. .. Brachylophu• .,;1;,,n,;, ................................... . 
Iguana, Grand Cayman g,ound .................... . (;)1:-lur• ooblla /e w,,i ...... ................. ... ... .. .... . 
Iguana. Jamaican .... (;}1:'lur, rolitli .... .. .. ............... .. ........ ........... .. . 
Iguana, May1gu1n1 ....... ......... .................... . G)oc4K• Cllinl ,. b4rtschi ............................. .. 
Iguana, Mona ground ........ ........ ................. ... . 
Iguana. Tu,ks and Caicoa .......... .. ................ .. 

(;)1:-itq •t•jnsg~rl .. ...................... .. ... .. ........... . 
l)-cu-a carln4r, catinai, ............... .. ........ .. .. .. 

!guano. Wall,ng Island g,ound .................. .. ~nla),inhJyf ......................................... . 
Iguana. WMa t:ay g,ouod ................. .......... .. ~ nl•yf c:nsrara .................................... .. 
llurd, blunt•nosod leop111d .. .............. ...... .... . 
llurd, Coachella Vanoy lrlng•·loed ........... .. 

GamlHllia ( • Cir>/aphy11,1) ,Jlut .................. .. 
Un>a lno<r111r• ...... .. ....... .. ... .. ............................ . 

Llzatd, Hiouo giant ........ ...... ............... ........... . Gallo/II ,imonyf lirnotl)i ................................ . 
llurd, lblza ,.all ............... .............................. . Pcxun:J, p,·tyv•dnli• .............................. ........ . 
ll,erd, lslarKI night.. ..... .................. ............... .. Xao/lJ.i.t I• Kllwl»flnal rt.w»Jan, ....... ... ... .. 
Llurd. St. Ctol• ground ......... .. .. v ........... ... .. . Amtllv, polop . ................ ............................. .. 
Monll0<, Bengal .......... .. ........... .. ....... .............. . v.,.,,.,. b#l(lai.nn .................................... .. 

.. ----· ---·------- --------- ~-

•tl1l0<lc IA"fll 

Soulh Amer ica: Or inoco River Buln ...... .... . 
Phlllpplne lsl1nd1 . 
Soulheeal A1l1, AustraUa, P1pua•N1w 

Guinea, Paclllc l1land1. 

Southoul A1l1, Malay Penlnsul• 
Pakistan, Burma, Bangladuh, India, 

Nepal. 
lndlon Ocean: M1urlliu1 . 
U S.A. (PA) .............. . 
Indian Ocean: Mauritius .......... .... ............ . 
. .. . do .... ...... ......... .. 
wa,1 lfldi a1: Bahamas ............ ........... . 
.. ... . do .. ..... .. ............. .. .......... .... ................ .. .... ... . 

. .. do . ................... .. 
West lndleI: BrlUsh Virgin laland1 (An1-

gada Island). 
Ecuud:>r (Galapago1 l1land1) ....................... . 
Wesl Indies: Cayman lIland1 .... .. 
Cuba ..................... .. ............................ .. .. 

Weal India,: Baham11 ...................... .. ......... .. 
Paclllc: Fiji, Tongo ...................... . 
Pacillc: Fl- ...................... . ........ ...................... .. 
West lndl11: Caym•n Island, .. . 
Wosl lndi•1: Jameica .... .. ........ ... .. ................ . 
Wesl lnd,ea: B1ham11 . 
U.S.A. (PA: Mona Island) ... 
Wosl Indies: lurh and Calcoa l1l1nd1 ...... . 
Wesl lndl11: Bohamu ........... .. .. .................. .. 
..... . do ......... ................. .......... ........................ .. . 
U.S.A. (CA) .................... .. .................. ............. . 
..... do ... ...... ......................................... .. ......... .. 

Spain (Cenaiy l1l•nd•) .. ............................... .. 
Spain (Balaatlc lolands) ....................... .. .. ..... . 
US.A. (CA) .................................................... .. 
U.S.A. (VI) .......... .. ... .. .. ......... ........... .. .. ....... ..... . 
Iran. k•q. India. 6t1 t...Ma, M•laylla, Al• 

ghanl11an, 8tA'ma, lllelnam, Thailand. 

Vortet,, 11e 
p(ipula hon ""h•11 

e001n,geu,d o, 
lhtoalened 

.. ... do .. .......... ............ . 
.. do ......... . 
Enll•• · ucept 

P•puo•Now 
Guln•a 

Enllro 
.. .. do ..... 

.. .. . do 

.... do 

.. ... do 

.. .... do ... 

.. .. do ..... .. .. . 

...... do .. .......... .......... . 

.. .. .. do ............ .. .. ..... .. . 

.. ... . do .. .. ...... ............ .. 

...... do ....................... .. 
. ... do ........................ . 

Enliro (ucludlng 
populolion 
lnlroo.,cod In 
P~rto Alco). 

Enlh .. ....................... . 
.. ... . do ...... .. ............... .. 
.... . do ... .. ..... .............. .. 
... .. . do ........ ..... .. ....... . 

.. do ..... ... .... ..... .. ..... . . 
.. .... do ... ...... .. ........ : .... .. 
..... do ............. .. ......... .. 
.. .. .. do .. ....... ... ... ...... ... .. 
.... .. do ................. ... .. .. .. 
...... do ... ..................... .. 
.. ... . do ......... ............... .. 
. ..... do .................. .. .... .. 
. .. ... do ........................ .. 
.. .. .. do ........................ .. 
...... do ......................... . 
.. .. .. do .......... ... ........... .. 
...... do ........................ .. 

Sta · 
lul 

E 
E 
E 

E 
E 

E 
E 
E 
T 
l 
l 
T 
E 

E 
T 
T 

T 
E 
E 
E 
E 
T 
T 
T 
E 
T 
E 
T 
E 
T 
T 
e 
E 

Monll0<. dooe,t .. .. ............................... ......... ... , v.,.,,... flrl•- .. .. .......................................... , North Ahlca to N•arH1I, C.opt,n a.a I do I 
lhroug~ U.8 .S.A. lo Pakl1tan, N0<1h- ...... .. ...................... .. 
•••n-t I ,.. •;-. 

Whon 
hlod 

3 
15 
87 

15 
J . u 

J 
125 

3 
1211 
1211 
1211 
1211 

3 

3 
1211 
1211 

1211 
ee 
88 

1211 
129 
1211 
JJ 

129 
1211 
1211 

1 
105 
144 
144 
20 
24 
18 

Ctlllcal 
habllol 

NA 
NA 
NA 

NA 
NA 

NA 
17 115(c) 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

17.115(c) 
NA 
NA 
NA 
NA 

17.IIS(c) 
NA 
NA 
NA 

17.IIS(c) 
NA 

CO> 

5pect&t 
.. 

1\1111 ~ .. .. 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
UA 
NA 

NA 
NA "' NA 0 
NA n 
NA 

.,, 
NA :1111 

NA p 
NA 
NA 
NA "' NA 

.. 
f' NA .. 

NA 

~ NA 
NA m 
NA 2: NA 

f ...., 



.-_______ ,.,. ._, 

MooilOf, IN .. /1 ..... .... ................. ...................... V.or.,,._.,~ ............................. .. 

MonilOf, KomodO loland..... ............. ............... v-nw .~ ........... .. ...... . 
MoollOf, yellow ......... :...................................... V.or.,,.,. ,..,._,., ......... ............ .. ............... . 

f'v1l>on. Indian .................................................. Pyl/lOll /IJOAILII mo/UIJI .. .. .. ......... ................ . 
R11Ualllal<1, Nuba laland .............................. C,ouw unkx>/ol ............. ......... ................... . 
RatUU/\&kl, N- Mallic&n ..-noae<t ...... erouw wi/MJ/Ji ~ . ....... .. _ ....... ...... .. .. .. 
Sk1nll, Round lal1nd .................. .. ..... .. ............. hio/o(>lstN IMll•in ........... ............. .. ..... .. ... .. .. 
Solka, ,&,tlanllC 11II ma,lh ............................. N.,odil, ,.,,,.."' uanlot.1 ................. ............ .. 
S/\&111, ConchO w1t11 ..................................... Naro.1,/i fl,O(l,m P4vcimaC<Jl.tl1 .. .. .. ............... . 
Snake, eHlim iodigo .... .. ............. ...... ....... .. .. Drynl4fC/IOII COfa4 ""'-'f)dFi ........................... . 
Snake, San f1anciaco (lill61 ......................... ~ s,,ul~ 1tlll11Ju1nia .. .. 
Tart&N(la ............................. .......... - ................. l'r><JIXMmia e,r.p.or,u ............... .. 

Terrapin, n,,11 (-TunlOO(I) ........................ .... a.~ l>a>A• ..... ................................... ........ . 

TomalOml .............. - ....... - ............ _._ ............. Tom,slDIM ~ ... .. .......... ..................... . 
TOllOIM. angutatlld ................................ _ ...... .. G~ ~ .... ... .. .. ..... .. ................ .. 
TO<IOill, Bolaon .. ........... ................................. ~ .. ~, .... ........ .................... . 
TOf\Oiel. deMl/1 .............................. .. ............... X"'oblla. 1-~tt>Chaly,. -Goptww,1 

1i;,iu/u. 
T onol~, Gatap1goe ....................... .. ............. GIJOC/lillDM ~ntop.,., ........ ................. .. 
ToC1ol11. reaiat.d ............................................ GM>CMIDM <-Tastudol r11dul1M ............ .. .. .. 
Trae&ja .................... .......................................... ~ IJIIIIJJia ... ................... .. ... .... .. ....... . 

Tual&tl .......... ............. ... ................................... Sj,Mr,odo/1 f'<J'ICIMAJI ............ ........ .. ............. . 
Turti.. aquatic bo• .... .. .. .. ........... ..................... r..,,~ _,.. ...... .................................. . 
Turtle. blacli aollall<>M ..... .............................. Trionµ~ ........................................... .. 
Turli•. 8urm•M pa1cooll ...... ......................... Uon, flia oc:,,/JIIM .......... .. ................. ................ . 
T...-111. C.nttal J.maocan """' ....................... o.,,,..,,,my, m1ri ......................................... . 
Tunle. Cullto Cien<11111 aollollaM .... .. ........... Triony,t IIM ... ...... .. ....... .. ....................... .......... . 

T ...-u1, ~Ilk: ............................................. Pu~la. (IM(XT>MV11;u, ( - G«>CM-
/oM ~IIU). 

T...-UI. (IIMn .............................................. .. Cl>fl/Olv. nrydu ...................... ........................ . 

_., ... --· . ··· ·-~ ...... ·- · -·-·- · .. .. 

Nontl Alrlc:e 10 N•a,•••• . Ca1p1an 6•• 
U•<>ugh U S :, R . IO P -loJ•ltUl. Nuoll • 
.... , looi1. 

1nJon .. 11 (KonlOdo. Rk1q1, P1d11, 1od 
w111 .. n flo, •• 1,11naj. 

w .. , P1klal&n uv ough ln<lil IO BIOQII · 

du l h . 
Sn L&nkl and India .... .. ............................... .. 
"'""' l1tond (Nillltlll&nd ,&,nlillaaj ........ ... .... . 
u.s ..... (NM). Medco ... ..... .............................. . 
lndian Ocuan: MautiUut ............................... . 
U.S.A. (Fl) .............................. ................ .. ... .. .. 
US.A. (TX) .......... ........ . ........... .. ..................... . 
u s ..... (,&,L, FL. a .... MS, sq .... .. ...... .. ......... . 
US.,&,. (C,&,j .. .. ....................... .......................... . 
Soul/I ,&,mu1ica.: O,inoco end ,\muon 

Rt..a, buin1 . 
Mat,y.;1. B•n11tadaah, Bum>a, India. In-

donesia 
Mala~. 1naonaala .......................... ............. . 
Mal1g11y Republic ( ~ M1dag1ac11) ........ .. .. . 
Me• ICO ... .. ................................ .............. ........ . .. 
U.S.,&,. (UT, Al. , CA, NI/); Mel<ico ........ ........ . 

EcuadOf (Gatopago1 l1tendsl ...... .. ............. .. .. 
Mal1gHy Republlc ( - Madag11c111 ........... .. 
Soul/I J.mwica: 0,tnoco and Amuon 

Rr,a, bUln1. 

.. 00 .. ..................... .. 

.. .... 00 ........................ .. 

.. ... do ..... ... .... ............. . 

.. .... do ........ .. .......... ... .. . 
... .. do ........ ..... ............ . 
..... do .... ............. ..... .. 

... do ....... ... ....... .. 
.. ... do ........ ...... ...... .... .. 
...... do .... ...... .... .... .. ..... . 
...... do ....... .. ............... .. 
.... .. do .......... ..... .... .... .. 
.. .... do .... .. ... . 

.. .. .. do ........ ....... ......... .. 

.. .. .. do .... ... .. 

.. .... do ... ........ ... .. .. .. .. ... . 

.. .. .. do .. .... ... ........... .. .. .. 
Beava, Dam Stopa. 

ULah. 
En1111 .............. .. .. ....... . 
...... 110 ........ ..... ........... .. 
..... do ........... .............. . 

N•w Z.atand .. .......................... .......................... .. . do .. ..... ......... .. .. .... .. 
Mu!OCO ..... ....... .. .. ............................................. .. ... . do ....... .. .. .............. . 
81ngladi1h ...... ........... .. ................................... ... ... do .................. ...... .. 
Butm1 .... ........................ ............. .. ............... ......... .. do .............. .. .... ..... . 
Mulco. B•~••· Guatem1ta ...................... ...... .. .... do ........ ......... .. ... .. .. 
Moalco ............................................... .. ............. ..... . do ........ .. .. ............. . 
Soul/I ,&,lrle l ..................................................... .. .... do ........................ .. 

Ctrcumgtobal Ill ttoplcal and limj>••ala 
1111 and OClllla. 

Whwav•r lound 
I KCftpl wha1a 
blild U 
1ndange1ad 
billow. 

Do ............ .. ............ ......................... ............ ...... do .... - ............................ ............................ . ... ... do ... .... .. ....... ............................................... . 
Breading colony 

popul11lon1 In FL 
aod on Pocollc 
COHI ol MiJICO. 

T...-U•. hawkablll ... ,-~..,1. Ert1lrnoc/Wllyl /ml,rUII .. .. ........ .. ............. Tropical IHI ...... .................... .......................... fnlira .............. ... .. ..... .. 
T ...-U1. Indian 11wb1ck .. ................................. l<acl'lu(>a l«:IM l«:IM ... .. ........... ....................... lodla ... .. .......... .. .............. ......................... .. ........ . .... do ........................ .. 
Turlll . lndl&n aohll\lll .. ............... .. ....... ...... ..... Tt,onµ IIM'Q<li,cu, .......... ............ ....... .. ........... Pa~lol&n. India ............ ................................ .. ... ...... do ... .. .... ... .... ... ... ... . 

t 

E 

E 

E 
1 
1 
1 
T 
1 
1 
E 
E 

E 

E 
E 
E 
T 

E 
E 
E 

E 
E 
E 
E 
f 
E 
E 

1 

E 

f 
f 
E 

16 N I. NI. C 
!" 

15 NI. N,&, "ft 
iii' 
:r 

15 NA N,&, 
Q 
:s 

15 N,&, N,&, 0.. 
12& N,&, N,&, 

~ 43 17.95(c) N,&, 

129 N,&, N,&, ~ 30 N,&, N,&, 

241 NI. N,&, :.: 
32 NA N,&, • 

1 NA N,&, Ill • 3 N,&, N,&, ? 
3 NI. N,&, 

:i" 
15 NA NA -• 15 N,&, N,&, .. 
48 N,&, N,&, o· 

103 11 &5(c l N,&, 
.. 

3 N,&, N,&, 

3 NA N,&, 

3 N,&, N,&, 

3 NA N,&, 

a NA N,&, 

15 NI. NA 

15 N,&, N,&, 

12& NA NA 

15 N,&, N,&, 

15 N,&, N,&, 

2. 42 N,&, l1.42lb) 
aod Palla 
220 and 

227. 

2. 42 N,&, NA 

3 17.&5(cl NA C.00 

16 N,&, NA ... 
16 ti,&, N,&, :-,. ... 
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SpeclH 

Common name 

T urUe. Kemp•• (-Allenllcl Ridley Ha .... 

T uni•. lealhorback au 

Sclenlillc name 

L.pk:k>clr.ly, Aomp/1 ..... .. ........................ . 

DtKmnct..ty, cori••--· .. .............. .. ................. . 

ltlol01lc range 

Venebrale 
populallon wll .. a 

endangered or 
llvHtened 

1 roplcal Ind lemper1ta .... In Allanllc , ...... do ... .. ...... ............. .. 
Beoln. 

Tropical, temper11e. and aubpol11 1111 ...... ...... 00 ........................ .. 

Turli•. lo\/Qerhoad oea ........................ .. C.rw«. c•rwll• ................. .......................... .... . 1 CllcumQlobal In lroplcal and lamper ale I ...... do ............... .. ....... .. 
aaaa and ocean,. 

Turlle. Olivo (P1clllcl Aldley 11a ..... .... ..... .. .. 1 L.plck>cfr.ty, olfr1c .. .. .............................. .... 1 Troplc1I and lomperale HH In Pacific I WMrever lound 
Basin. ••cepl where 

lated aa 
endangered 
below. 

Do .... ...... ............................................ ...... . ( ...... do .................................. .. .. ............ .............. ( ...... do ............ .............. ...... .... . .' .. ..... ......... .. ..... .. I BrHding colony 

T urllo. peacock aohsMM ............................. .. Trionyx hunxn ..... ............................. .. .... .. ....... . 
lunle, Plymoulh rod-bellied ............ .. .......... .. . Ps""'111my1 ( - Chryu,myo I rut,m,,,,ntriJ 

/Mnr,M. 
T unlo. 1nor1-nocked or wHtiln aw amp .. .. .. , Puudomydurll umtxina ....................... ..... .... .. 
1 u,Uo. aroMd pond .... ....................... .. .. ........ Gr,ochlmy, I - 01moo/1 I hlmillonl .......... .. . 
Tunle. tlv&e·kHled Aol111 ............................ . M1111Anocfr./y9 1-G-m,-.J,,. Nlc>orlill lrl• 

CMinll1. 
Vipe,. Lar Volley .......... .......... .. ..................... .. v,,_. /otiN .. ................................................ .. 

AMPHIIIANS 

Coqul, golden ........ ............. ........... ................. . El11utfllfO<Mclyft,• }IJ{Xlrl ... ........ .. ........ ..... .. . .. 
Frog. 111101 polnled.............. .. .... .... ... ........... .. . OilCOfllouu• nlprrvonto, .................. .. ........... . 
Frog. Panomonlon golden........ ..................... Alolopu• v•rlv.o 1t1loAI .. ......................... ........ . 
Frog. Slephen lolond ..... ...... .... .. .................... . LBlopt,lmo ham,llonl .......... ... ......................... . 
Salamander, Chlne,o giant.. ........ .. ... ............. Andri.t• doooanu• d•vidillnu1L .................... . 
Salamande,, d•s•'1 alendet ......... ................. Balr•choJopJ • ridvl ... ...... ........ ......... ..... .. .... . 
$1l1mender. J•Pln8H gianl........................ ,.,,...,.. d.tYJddnvs }lpor,lcva ... .... .. .. ............ . 
S1l1m1nder, Red H,111 ........ .. .......... .. ....... .. .. ... Pl14""f/Nlhv, hrbicht ....... ............. ............. . 
Salamander, S1n M1,co1 ........... .. .......... .. .... . £"'}"CW•,..,.. ...... ................ ......................... . 
Salamander. Santa Cn,i long-lo.cl ............. AmOyl~ 1111av<llcl)'A.m °""""" ........ .. 
Salomendef . lo•u blmcl . .. .................... T,Ph~ f'llh¢unl , . ..... .. ............... ....... . .... . 

Toed. Alrlcan ...,lp1roua .... .... .. .... .. ...... ..... .... . Nectr,p/>rrnoldtl1 opp ........ .. .. ................ ......... . 

~::: ~i::l~~~:::::::::::::::::::::::::::::::::::::::::::I i~: Er:~~ ::::::::::::::::::::::::::::::::::::::::: 

popul1llona on 
P1clllc COUI ol 
Mulco. 

~-...~:::~~~.:::::::::::::::::::::::::::::::::::::::::! ~.".'::::::::::::::::::::::: .. 
~~~~-:~~· ... ;;~j;i~i~~::::::::::::::::::::::::::::::::::::::1 :::::::::::::::::::::::::::::::: 
Central India lo Bangladeah and Burma ........... do ......................... . 

Iron ..... ........... .... ..... .............. ...................... .. .... . ! .... .. do ...... .. .... .... ..... ... .. 

U.S .A. (PA) ...... ... ... .... .. ........................ ............ 1 ...... do ............... .. ........ . 
t1,1et .............................................. .. .............. .. . ...... do .. ............ .......... .. 
Panarne .............................. .. .. ... .. .................. . ...... do ......................... . 
N•w Zealand ............................... .... ..... .. .... .. .. .. .... do ......................... . 
Western China .... . ······® ················· ·•·····••i 
US.A (CAI .................................................... .. ...... do .. .................... , ... 
Japon ... . ....... ...... .. ........... ............. .. ....... .. ......... .. .... do .. ......... ............ .. 
u s A. (ALI .. ............ .......... .... ........................... . ..... do ........................ .. 
U S A. (TX) ............... .. .. ........................... .... .. ... .. .... do ............... .. ....... .. 
U S A. (CA) ......................... .. .. ... .. ........ ... ......... .. ... . do ........................ .. 
USA (1)() ......... .. ............ .............. .. ............ .. ...... do .. .. ........ .. .......... .. 
1 aru1nl1. o .. n... lvo<y Coa•~ Came- ...... do .. .............. ......... . 

roon. Liberia. Elhk>pl1. 
Equ1lortal Ahlca ..... .............. ................ ................. do ...... .................. .. 
U.S .A. (TXI ............... ..... .. ...................... ........... ..... . do .. .. .. .......... ........ .. 
Co11a Alea ..... .. ........... ........................................... do .... ..................... . 

Sia· .... 
E 

E 

T 

T 

EI 

E 
E 

E 
E 
E 

E 

T 
E 
E 
E 
E 
E 
E 
T 
T 
E 
E 
E 

E 
E 
E 

WMn 
hied 

4 

3 

42 

42 

42 I 

15 
80 

3 
15 
15 

128 

28 
3 

15 
3 

15 

• 15 
19 
98 

I 
I 

15 

15 
2 

15 

Tood, Wromu,y ......... ........... ...... ... .... . 

r11uu 

Alo Balill (lro111) . 
Ayumodokl (loochl .. .. ........ .. 
Bllndcal. Mo,lcon 1calll1hl. 
Bon';'lounuu• . A•len .. 

Bula "-'lopfvy, b.uto.-1 .. .. .............. ............ .. 1 US A (WYI 

S,,lmO p/1/yc~/r,1 Turkey .. ..... ............ .. 
lfymanopl>yu I - Oo/11 I ""1• .. .. jl\pftf\ ... .... ... .. 

Prio f•II• pflt••fVf)Mo .... .............................. .. Mulco .... . , .. . 

...... do .......................... \ E I Ill I 
.. ............... .. .. ....... f.nt~e.. ........... .. .... ...... . E 3 

.. ... :: ::::::· .... : ...... 1 ..... ~ ...... .. ................. ! 3 

~r,,.,.,...,.,,.nn• ~.,~ · "" 

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

Crillcal 
habilal 

NA 

l7.85(cl. 
228.71 

NA 

NA 

NA 

NA 
l7 .85(cl 

NA 
NA 
NA 

NA 

17.85(dl 
NA 
NA 
NA 
NA 
NA 
N.\ 
llA 

1195(d) 
NA 
NA 
NA 

NA 
17.95(d) 

NA 

NA\ 
NA 
NA 

Special 

""'·• -
NA 

NA 

17.42(bl 
and Pana 
220 and 

227. 
17.42(bl 

and Pat1a 
220 and 

227. 

NA 

NA 
NA 

NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

IH3(al 
NA 
NA 
NA 

NA 
NA 
NA 

HA 

NA 
NA 

co-a -:-,. --

t 
n 
"ft 
llll 

p 
-,..., -~ -t 
m 
!!: -o· 
:, ..... 

~ 
:n 
~ 



9 
·--------- ·-·-- ---·- ---- ·- ··- ··----· ·-- --·-- ·-·-· . -·--- · -~ .. 

Toad, W)-Ofl1Ul9 .....•.•...........••.•..•..••........•........ IJ<Jlr> ~ C..CIMI ....••.•... .. 

f1111u 

U.S.A. (WY) ..... .. ............................................... ...... 00 ... ..................... . E 131 NA NA C 
t" 

,¼ BaJlk (IIOUI) .. ......... ................ ......... ..... ..... . S.knO pi.r,c.prww .................... .. .. ... .......... . 
Ayumodold (loach) ............... ....... .................. .. Hy,,.,.nopt>yu I -Bou,,) =• .... . 
B~ndc•I. Mo><ican 1ca1hoh) .... ................ ........ . p,,..,.,1.t p/>IMIDpli,I• ..... .. ... .. ... .................... . 
Bony~. Allan........................................ ScNtop;,pH lc,mosu, ..... .. ......... .. . 
c.u..i. [no .'°"""°" NIN) ......... ................ P•fl{Jasiw Unir..orl(Jul ..... ........ .. . 
C1U1oh, gianl.. ... .. .............. ............................... P,ngawnoao,, gig•• 
C.1t11h. Yaqui .......... ...... ... ..................... .......... /c/1/u,w pncM .......... ................. . 
C.volioh, AlobafN ............. ............................. S,,.Opl• f>rl>inu• po,.,Ji0/11 ......... . 
Covoli&h, O,atll ............................. ........ .......... AmO,top~ fOUIJ ....... ........ .. .... ........ ..... .. ... ... . . 

Chub, bonylail......... .. .. .......................... ........... Giu •~111 .................. .. .............................. . 
Chub, B01a• laka .. ........ ................................. Gii. """'-'oblul ....... ............ . 
Chub, Chihuehu& ............................................. Gil.t ~•-·············· ·· ··············· ···············• · 
Chub. t,,mpb&cll ............................................. Gila cypN ....... .... ........ ..... .. .. ....... .. . 
Chub, Hu non 1u1 •....•••• ..................................... Gu t»::olof NII .............. ............................... . 
Chub, MOO.vo lul ........................................... Gila t,,coJot """"'""""'·······•···••·················· ·· 
Olub, o.,.,,,. lul ······ ··· ···· ······......................... Gil.t t,,colot Ollydilf/ ............. .. .......... ............... . 
Chuo, P&1vanaga1 ,ouoo,&11 ........................... Gu 1ob<A1.t jo,cww ..... .... ... ......... ............ .. .. . 
Chub, olonda< .................................................. Hytx,pw utw .............. ............. . 
Ch..b, Sonora .................... ............................. Gu "'•ov-. ........... ... .. .................. . 
Chub, opolf., .. .. ........................ .. ...... ... ..... ....... llyt,ops,, "'°""cM ........ ............. . 
Chub, Yaqui .......... .......................................... . Gu ,,.,,,,.,, .. ············ .... ......... ... ······ .... ............ . 
Clcok (minnow) ............. ........... ............. ........ .. . Ac.11th0flltilul flJlndwt>ehl .......................... .. . 
Cul•lll ........ .. ... .................. ..... ............ .... ............. Chlsmiat,u wJ<,1 ......... ... .... ....... ... .............. ... . 
Doc&, Aah Mae<lowo r,pockllld..... ................ RNnichlllyl cncu/i.JI nMvM{J/;flSU 

TUlkly ...... ..... .............. .. ... .......................... .... .. . 
J•pan ............. .............................. ................... . 
Mexl<:o ......................................... .......... . 
Thailand, lodonolla, Matayala .............. ........ . 
llwl&nd ........ ... ......................................... ..... . 
...... 00 ........... .. .... ............ ..... ...... ............... .. ..... . 
U.S.A. (AZ). Muico ... ....... ... ... ....................... . 
US A. (AL) ..... ... .. .. ... .. ....... ........ ... ...... ........ .... . 
U SA. (AA, MO, OK) .................... . 
US A. (AZ, CA, CO, NV, UT, WY) ....... ...... .. 
U.SA. (QA) .... ...... .. ................................... .. .. .. . 
U.S.A. (t;IM). MilUCO (Chihuahua) ....... .... .. .. .. 
US A. (AZ. CO, UT, WY) ........... ................... . 
U.S.A. (OA) ................... ............................... ... . 
U.S.A. (CA) ..................................................... . 
...... do ..... .. ..... ... .. .. ......... .. ................... ..... ....... . 
USA. (NII) .............................. ................ ...... . 
us.A cm. vA1 ... ........................................... . 
US A., (AZ) . M~•oco .............................. .. ..... . . 
US A. (AL, GA. NC, lN, VA) .... ... ........ ....... . . 
U S A. (AZ), Moxoco ....................................... . 

Turk"Y······ .. ···· ······· ... · ........ ........................ ....... . 
U.SA. (NII) ..... ............................................... . 
...... do .......... ............................................ ......... . 

Enura ......................... . 
...... 00 ....................... .. . 
. ..... 00 .. ... .. .. ............... . 
...... do ................ ...... .. . . 
..... do .. ............... .... .. .. 
... .. 00 .. ...................... . 
..... do ............... ... ..... .. . 
... ... 00 ..................... .... . 
. ... .. do .. ...... ....... .. ... .... . 
. .... 00 ........................ . 
.... do .... .... .. ....... .... . 
.... .. 00 ............... .. ....... . . 
. ..... do ........... ...... .... ... . . 
. ... .. do .. .... ......... .......... . 
...... 00 ........................ . . 
...... do .. ........ ............ ... . 
.... do ... .. .. .......... .. ... .. . 
.. .... 00 ....................... . 
. ..... 00 ......................... . 
...... 00 .. .......... ......... .... . 
.. .... 00 ................ ........ . 
...... 00 ......................... . 
...... 00 ......................... . 
..... . do ...... .... .. ........... .. 

3 NA NA 
-n 
iii' 

3 NA NA ::r 
3 IIA NA a 

15 NA NA :I 
3 NA NA A. 
3 NA NA 

~ 167 17 .115(0) 17.•• (g) 
28 17.115(0) NA ~ 18• NA NA 
112 NA NA :.: 

12• 111151•1 NA • 
132 NA 17 .•• (gl 

IA • I IIA NA t 174 t4A 17 .440) 
2 NA NA 

1115 11.1151•1 NA :i' 
2 NA NA .. • 28 11115(•) 11.44(c l .. 

221 11115(0) 11 .•4(0) o· 
28 11.115(8) 11 .•• (c) 

.. 
161 17 .85(8) NA 

3 NA NA 
1 NA NA 

111E, 11.115(•) NA 
127E. 

130 

Doco, 001"'1 ........... .. ...... ................... .. ..... ....... EFtH'llicllViy, •ao., .................... . 
Dace, fookoll r,pocklid ................................. RllinichViy• 0$CIJ4JI up. ······· .. ............. .. ...... . 
Dace, Kendall W11m Spring& ..... ..... .............. Rtiinicnv,y, oscUAJ1 l/lalmal4 ... ................... . 
Daco, Moapa .................. ....... ... ....... ... .... ........ . Mol,p4 cor/aCN. ............................ ................. . 
Donw, ambel .................................................. PiNcinl 111/sull.t ............... ........................... . 
Dana,, boyou .................. ................................. Ev..o,tom11 /lJOflJIII ....................................... . 
D111a,, toun1aln .... ...... .. ...... ................ .. ... ....... . ElfllK),tomi, lollticol.t .... ............ .... .. ...... ......... . 
Dana,, laop11d ........... ..... ................................ PiNcin.l ,,.nlllMinti ....... .............. : ................... . 
Dana,, Ma,ytand .......•..................................... EV..01tom11 MJIIIVM ... ........ .. ........................... . 
Datlw, Niangua ...................................... ......... EI/IIK),tomi, niangw1 ......... ............... .. ..... ..... . 
Darl&l, Ol,.alQou ............................................. El/l/K)1tomi, olraloou• ................................ . . 
Darter, llockwa10< ............................. ........ ...... £1/llK)stomi, bo.c/lun{Ji ........................ .......... . 
Da11&1, onall .... .......................... ....................... p,.,cin, ,.,.,.,, ........... ............................ .... ...... . 
D&ll&l, WOIOICIOH ............ .. .......... ......... . .. ....... EI/IIK)IIO/Tl/1 nucllJlt, .......... ............. ..... ... ....... . 
Gombulla. Big Bond....................................... G•mbuw ~ig,11 ........... ....... .. ................. ...... .. 

· Gombualo, Ciu1 C.Hk .... ........ ......... .. ........... G•mt>usiia NltHC>dlir ........... .............. ... ......... . 
Gambuoia. Amlalod ............. ............................ G111obuw 1mi1t,,ddn~ .. ..... .. ......... ............ .. . 
Gamou.i. . Pocoa ..... ...... ........................... ...... G,mou~ 1)0/),u, ........................................... . 
Gambull&, San Ma,,oa .................. ..... .. ... ...... Gambwi, ~ ...... .............. _ ...... ....... .. ..... . 

...... do .... ......... ... .... .................. ... ....... ... ..... ......... .... . do ..... .................. .. . 
U.S.A. (OA) .. .... ....................................... ........ • ..... 00 ......................... . 
U.S A. (WY).. .................................................... . .. ... do ... .. .................. . .. 
U.S.A. (NV) .. ... ................................................. . ..... do ......................... . 
U S.A. (GA, TN)............................................. .. . ... .. do ... ........... .. ...... ... . 
U.S.A. (MS) ........................................... ........... . ..... 00 ......................... . 
U.S.A. (TX) ....................... ................................ . .... . do .......•..... , ..... ...... . 
U.S A. (AA. OK) ........................ ...................... . ..... do .............. ... ........ . 
U.S.A. (MO) .. ........................................................ .. 00 .......... .............. .. 
U.S.A. (MO) ..................................................... ...... do .................... ..... . 
U 9 .A. (fL) ... .................................................... ...... 00 ......................... . 
U $ .A. (AL, TN) .. ........ ............................... ...... . ..... 00 ......................... . 
U.S.A. (AL. GA, TN) .............. ......................... ..... . do ... ................ ...... . 
U.S A. (AL) ... .. ............................ ...................... . ..... do .. ...................... . . 
U.S.A. (TX) ............................................. .......... ...... do .... ... .. ..... ........... . 
...... do ..... .... ..... ..... ........... .... .. .......... ..... .. ................. do ... .... .. .............. .. . 
...... do ......... ......... .. .................................. .. .. ... ......... 00 .......... ............. .. . 
U S.A. (NM, TX) .............................................. . ..... 00 .. .................. ..... . 
U.S.A. (TX) ......... .. .................................................. do ................ ......... . 

210 11 .115(•1 11 .H(ml 
114 NA 11440) 

2 NA NA 
I NA NA 

1118 11.115(•) NA 
10 NA 11.•• (bl 
2 11 .1151•) NA 

31 11 .115(•1 11.••(~) 
1 NA NA 

U5 11.05(81 11 •• (~I 
e NA NA 

28 111151•1 11 •4(CI 
u. 150 NA NA 

2 NA NA 
1 NA NA 
1 NA NA 

1IJ NA NA "°" 2 NA NA .... 
118 11.11!>(•) NA :--i .... .... 



!l-.· 
"t"" ·J1i•,.. ... 
~ J. !~· ; 

-.{<'.:. \ti\~: 
,'-~ .·: :" 

CD 
,p. 

~ ... 
Common-

t(IUdiah, Pehtump 
logpu,ch. ConaMuge 
MatJlom. Sck>lo ... 
M1d1om. Smoi.v .. 
Madtom. yollowftn ········ ······· 
Nokog,gl 1c1lf11h) .. ...... ... ...... . 
Pupllsh. A1h Moadowa Am11goaa ........... . 

Sc>.<M>c:_,,. 

£,r,p.trl<.11//Jyo i.1e>1 ....... ... . . . 
f'•rrtr .. J.nA ,n,J .. 
Norvv, tr•vtman, 
No/vn41>4 ,.-, ......... .. ............. . 
NollNW 11,.-p,n;. .......................... . 
t,;;:-.oo,tl,'(llt lcllibwa/ .. .............. ........... . 
C)'prlnodon ,,.vadon-'• mion«IBI 

Pupfish. Comanche Spmga ..... ..................... C)pmodoo •ltlg•ru .. ................................... . 
Puptiah. clet•r1 .. ..... ............ ... .... ....... ........ .... ... C)'prlnodoo macvlariu• ............. ................. . 
Pupt11h. O.vila Hole ......... .... ......... ......... ..... ... C)'prlnodoo diaboli, ... ..................... .......... . 
Puplloh. I eon Sptlngt ...................... ..... ......... C)'prlnodoo bo'1flll1 ........... ...................... . 
Pupllsh. Ow1n1 ... ..... .... ........ ....... ........ .. ....... ... C)'prlnodoo ,a,li<,su, .................... ............. . 
Pupfish. W11m ~noga ..... ....... ... .................... C)pmodoo ,,.-,adonsJ, p«tora/11 ...... ...... ... . 
Shine,. bo1uUlul .. ......... ........ ...... ............. ..... ... No/top~ lom>osu•·· ·············· .. ·············· ··· ········ 
Spiked a Cl ... ... ....... .. ... ............ ..... .. .................. . M«Ja 11,l(lida ....... ··················· ·················•·· ·· ··· 
SplnedtCI. Big Sptlng ..... ........ .. .. .. .. .... .......... . LepkJofn«M mollisp/nl• ,,,.,.n.,, ................ . 
Splne<1oc1. White Ai\111 ..•..•• ... ....•.• ....•.••.• ... ... . L~ alblvollil .................................... . 
Sp,lngllsh. ~o White Atv ............................ Cienlchthy, tn!Htyf fl'•""· ········ ············••"••· · 
Sp,lnglioh. A1ll101d Vallay .. ............... ...... ... ... C,onlchlhy, ,,.vada11 .... .. ... ......................... ... . 
Sp,ingl"h. White Alva, ................................ ... Crtlnlchl/lyl bai/flyl bailtlyl ............................ . 
Squ1wl11h. Colot1do.... .................. .......... ... .. Ptyd,oct..i/vs luclu• 

Do .......... ........... ......................................... 1 ······do ··· ................ .... ... .... .... ............ ........... .. . 

Sllcklaback. ""armored llvHaploe .............. Ga1/oros/"'11 ICIMJIIU• tNll/iam,on/ ...... ...... . 
Sturgeon. aho<lnoaa ....................................... Ac,..n,.., txv.-lroltflJITI ............. .................... . 
Sucka,. June ... ............................ .................... . Chaon~st11• lionJ• ..... ................. .. .. ........ ... . 
Suck1<. "4odcx: .... ..... ........ .................... .......... C.tootomu, mlaop• ........................ ... ...... .... . . 
Sucklf. Warne, ....... .... ...................... .............. C.tol/omu, wlmll~ ......... ..... .. ......... ...... . 
Ta11110. Miyoko (Tokyo blnlftlng) .................. r.,,,,Ala "'n•go ......... ..... .............................. .. . 
T amolak. lkan (minnow)........... ...................... Probaibua /fJl/ltJnl .. .. ...... ................... .. ......... .. . 

T opmlnnow. GUa ...•....... .... ........... ....... ..... ....... Po«4Jp,s oc:cirW>lab ··········-·····• •·•· ········ . 
T 0101b1 (se1trwl o, '"1kft1h) ....•...... ... ... ... C}no•QQ1 m,,crJonakJI .................................. . 
Trout. Ap1ch1 .. ..... .. ...... ..... ... .... .... .. ............ .... . S,,imo-.M ............................................... . 
Trwl. Gila ........... ............ .. ........ ... .... ........ .. ..... . S.lmo QII•• ····················································· 
Tu>UI. g,1onb1ck cuntvoat ............... ......... ... . S.tmo clarlcJ 1tom11, ... ................................ .. 
Trovt L1hon11n cunlvoal ............ ............ ... .. . S.lmo ct.ti</ "'1ns1Mwl .................................. . 
Trout. Linle Kem golden ............................... . S.lmo a,;u.booi,. whir• ....... ·· ············· ..... ••··. 
T roul, P1iule CUIIIWOII ... .... ... ... ....... ...... .. ... . S./mo c/ark/ Hlan,ta ........................... ..... ..... . 

H,11oric r~ 

Vt<1abt1t1 

populat,on -• lndongt<ed OI 
IIVHlt<>ed 

IJ 5 A CNV) . . . . .. . ... ... .... . ...... .. ... ... ... . . do 
ll S A. IOA. TNI ... . .. ............. .. .......... . do 
U S A (0111 ........ ... •.. . . .. . do .. .... ................ . 
US A (TN) ..... .. ............... ....... .... .... ....... ... ....... .... do .. ....... ........... . 
U.S.A. (GA. TN. VA) ...................................... ...... do 
Japan ....... .... ..... .... .... ................ .. . ... .. do 
US .A. (NV) ....... ......................... ............ ........ ..... . do .... .... ................ . 

u.s A (TX) ................... ................................... . ..... do .......... ............ .. . 
U S A. (AZ. CA) Ma,lco ..... ....... .... ...... .... ....... . .... . do .. .... ...... ............ . 
U S A. (NV) ...... ...... ................. .............. ....... .. . . .... . do ......................... . 
U.S A. (TX) ...... ............... .... ........................... ........ do ...... ... .. ....... ...... . 
USA (CA) .... ............ .......... ...... ... ..... .. ................. do ....... ............... .. . 
U S .A. (NV) .. ..... .. ...... ............... ...................... .. . ..... do .. .. .... ................. . 
U.S .A. (AZ, NMI. Mexico .... ....... ...... ... ............. .... . do ........... .. ... ...... ... . 
. .... do ............ .. .... ................................................. do ......... .. ...•....... ... . 
U.S A (NV) ............................................... ...... . ..... do ...................... .. . 

·· ··········•·••················· ··· ····•······ ········ ... ... do ······················ ···1 
·· ··· ·············· ······················ ·· ········ .... ······do ·························· 
....... .... ...................... ...... ................. ..... do .. ..................... . .. 

··· ······· ··· ···· · ·· ········ ···· ········ ······· ··········· ······ ..... . do ..... ............. .. ... .. . 
(AZ. CA. CO. NM, NV. UT, WY). Enllte. e,capl Sall 

M .. ico . and Verdi A. 
draln1gea. AZ. 

Sa" and V11de A. 
dtolnagH. AZ. 

ll SA. (CA) .. .... .... ... .. ............ ......... .. ..... ........ .. EnUr1 .. .. .... ..... ....... ... .. . 
U.S .A. Ind C1n1d1 (All1nllc Coul) ........ ........... do ......... .............. .. . 
US A (UT) .............. ........................................ ....... do .................. ....... . 
U.S A (CA) .. ... ................................ ............... .. ...... do .................•...... .. 
U.S .A. (ORI. .. .... .............. ............ ..... ... ........... .. . ..... do ............... ......... . 
Japan ... ......... ..... ... . .. ... .......... ... ....... ......... ..... .. .. .... do ......................... . 
Thailand . C.mbodla. Vieln1m. "4111,-Ja. . .. ... do ... ......... .. ......... . 

Lao, . 
U.S .A. (AZ. NM). Mulco..... ... ............. ........... . ..... do .... ......... ... .' ........ . 
l,ledco (Gulf ol Calllomla) .......... ........ .. ....... .. .. .... do ................. ....... . . 
u SA IAZ) .. .... ........... ... .. ... .............. ..... .. ..... .... .... .. do ......... ............ ... . . 
US A (AZ. NM) .......... ....... .................. ..... ............ do ........................ . 
U S A. (COi ...................................................... . .... do ......................... . 
US.A. (CA. NV) .................... ........................... ...... do ..................... .... . 
U.S .A. (CA) ....... .............. ........... ........ .... ............ ... . do ............... ... ....•... 
. ... .. do .... .. ...... ..... ....... ..... ..... ...... ..... .... ....... ........... ... do .. .. .. ................... . 
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E 
E 
E 
E 
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E 
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E 
E 
E 
E 
E 
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T 
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E 
E 
E 
E 
T 
E 
E 

E 
E 
T 
E 
T 
T 
T 
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Whel\ 
hied 

I 
liO 

10 
18) 
28 

3 
117E. 
127E. 

130 
I 

222 
1 

102 
I 
2 

157 
230 
173 
203 
206 
224 
200 

1. 183 

193 

2 
1 

223 
184 
205 

3 
15 

1 
45 

1, e 
1 

1, 38 
2. e 

37 
1,. 

c,n1ea1 I 8peclal 
habolal ""-• 

NA NA 
11851•1 NA 

NA NA 
17 V51•l NA 
17 851•) 17 441c) 

NA NA 
17 85(1) NA 

NA NA 
17.85(0) NA 

NA NA 
17 V5(e) NA 

NA NA 
NA NA 

17.9~1•) 17 44(g) 
NA 17.44(p) 

17 V51•1 17 .4411) 
17 95(1) NA 
17 85(a) NA 
17.85(0) 17.44(n) 
17 .85(1) NA 

NA NA 

NA 17.84(b) 

NA tlA 
NA NA 

17.851•) NA 
17 851•) NA 
17.VS(al 17.4411) 

NA NA 
NA NA 

NA NA 
NA NA 
NA 17.44(1) 
NA NA 
NA 17.44(1) 
NA 17.44(1) 

17.95(1) 17.44(1) 
NA 17.44(1) 

-... 
="' ... 

"' 0 
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:111 
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-
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°' m e: .. o· 
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Woundlin ..................... ..... .... ......... .... .... ......... . j Plagopl....,. •'P"'nduknu, .............. ......... ...... , U 5 A. (AZ, NV. U1) Enlllo. e,copl Olla 
A. china~. AZ. 
NM 

I I \ I. 111 \ NA \ NA ~ 
Do ............................... .. ............................. , ...... do .................... .............................. ... ........... , ... .. do ...................................... ......................... . 

:n 
OMa R. clfllnag1 XN 1V3 NA 1U4(b) "" 

AZ, NM. :r 

SHAii.i 
Sn ... ClllllonoOQO 0\1111 ambef ... ............... . 
So ... fl•l •ophad lhrH·loolhld . 
Snall , tnwf'I Pt,-l!ltoc,-nA 

s;t?l!~~.::::::::::::::::::::::::::::I ~ ;~: ~ :::::::::::::: ::::::::::::::::::::::::·············· ~: ::·::····:······:····"···· ~ ~! ~.~ NA l 

I 
\ 

I 
I, 



11<,ul. Palut• C..IIIVO&I ... ................ .......... ... . .1 !Mt11u ~~ · ········l ·· ··1 ····· ' 

W.......nltl .. ... ............................ ............ ......... . . """1,;>pt.,.,. .,,,_,,/luln,.,. ....................... . U.llA. IAl. NV. Ul) ............................ ...... . Emu•· ••c•pl Gila 
A dla,oaga. AZ. 
NM. 

Do.............................................................. . ..... ck) ....................... ................................ ........ . ..... ck) ............................ .. .. .............................. .. G11a R. <hloaga 
AZ. NM. 

6HA!la 
Snall. CNnanango .,. ••• - ......•••.•........ ~ chin~n,/a ...... ············ ···•····· U.S.A. CNY) ······················· "···· ··· ·············· NA .. .. .... ..... ............... . 
Snalt, llal•apu..i lhl-looin.d .... .................. rnooopsi, platyMygicJ,,, ........... ..... ...... .......... U.S.A. (WV) ......................•.. •......................... . NA ...... . 
Sna.11. lo,oa Ptai11ocene ............ ...........•...•...... Di'1CW ,,..ccw,IOCJJ................................. .... .. U.S A. IIAI .................. ..................................... NA . ............................ . 
Sna.11, Manua l1land kN ........... ..... ... ... ... .... ... P4j)Wl'(la ~ .. ............................. ..... .. Pacific Oc ... o: Admt<ally 11. (Manua la) ... NA .........•.•...•. ........•..... 
Sna~. noonday ............................. .................... ~ ~;J n.nla/Mlla .............................. U.S.A. (NC) ........... ......................... .. ............... NA ........ .. ... ............. .. . 
Snalt, Oahu kH .... ... ... ..... ....... ......... .. ............ . Acn,,.,,.a, lljlj>. (aM epocloia) ..... ................... US A. (111) .. ... ........ .... .............. ... .... ..... ...... ..... NA ..... . 
S<\ail. p&lntl>d anal<a <Oiled lorut ................ ~ picla ............ ............................ ....... U.S.A. n N) .......... .. .. .. ....................................... NA .. ..... ........ ............. . 
Snalt, s1oc11111land ....... .... ..... ...... .. .......... ........ OrfNJic<A ,-1oo11na. ,-ya,) ..... . u S.A. (fl) ............................... .......... ............. NA ... ......... ................. . 
Sod, Virgw. lrinlled ll't0U/IIM1 .................... ~ ~ .............. .. .... ........ U.S.A. (\IA) ........................................ ............... NA ....................... ..... . 

CUwa 

P~mu&MI. Alallatna~ .... '---..-_.. ................... . U.S A. (AL, TN) .................................. ..... .. . NA .... ....................... . 
P~ mu.Ml, AWal•~ moo1<8)1ace .... ~ ip.ru .......... .... . .. ........ . U.S.A. (TN. VA) ......... ..................................... . NA ........................... ... . 
P-'r IIIUIMI. bir<lwiog ............... .. ................ Con,-.~ uai.i. ........ ........ ......................... . ...... ck) ..................... .. ...... .................................. NA ............................. . . 
P-'r IIIUIMI. Cumberlaoo beall ................. Vlltbw (•.M,icmmyal llaba.u ....... ............... . U.S.A. (KY, TN) .................... ........................... NA .............................. . 
P-'r IIIUIMI. ComlMi<land rnona8)'1-..... ~ .. ,,,_ ..... .................... ............. . U.S.A. (AL, TN, VA) .. ............................... ....... NA .......... ............ ....... . 
Paa,tymulMl.c..nie' .................................... ~ <-~I lloiM/Jna U.S.A. (MO) ..................................................... NA .............................. . 

c:ul4I. 
Paa,ty IIIUIMI, dromedaty ............................. 0"""4 ~ .............. .............................. ... U.S.A. (TN. \IA) ..................... .. .. ... ................. . NA .............. ................ . 
Paa,ty mulMl, grHO-bloleOIII .....•. ••....•........ Epiob/;untll <•~I ~ fl'>- ...... ck) .............................. ..... .. ........................... NA .............................. . 

t,,;rnaa,J,.,m. 
P-'r rnuaMI. Htgg1111' eye .......................... Lar,psilia flirKl,n./. .............................. ............ U.S.A. (IL, IA, MN, MO, NE, WI).................. . NA .............................. . 
Paa,ty muaael. Nicklin' • .............................. ... """'"klo&la• ~ ............................... Mexlco ........................... .. ............................... .. NA .............................. . 
P.a,ty muual, o,anga •loolad .......•......•..•.•... 1'11,lf>obuua ~ ... ...... .. . .. ....... ......... . US.A. (AL, IN. IA, KY. OH, PA, TN) ............ NA ............................. .. 
P1arty muutll, pale littipul ............................. T~ <-~) cy/,ndl•IJu, ...... U.S.A. (AL, TN) ........ .. .................................... NA ............... .. ............. . 
ha,ty muual. pinl< ITliJCkal ........................... ~-~la ........ .......... ... ....... .. ..... .... U.S.A. (AL, IL, IN. KY, MO, OH, PA. TN. NA .............................. . 

VN). 
P-'r muaael, Tampico ................................. 0rton.Ju ~ -..,dll,;. ....... l.liXICO ............................... ............................... NA .. ............................ . 
P-'r muaael, II-C>Olded·blouom ........•..•... . Epiobi.,ma I-~) /ooJ/ou lofll- US.A. (IL, IN, KY, TN, WI/) ............. .... ........ .. NA .............................. . 

Wot. 
Pea,ty muulil, lulat<i-blouom ...........•.••... .... Epiobi.,ma I-~) luf{JWla .. ......... .. U.S.A. (AL. TN) .......................•...••.................. NA .... .......................... . 
Paartv muaaat, white cal'a paw ..................... Epiol,l,,,ma <-~I ,uic,,ta a,,IJ. U.S.A. (IN, Ml, OH) ........................ ................. NA .............................. . 

Ula. 
Pea,ty muaHI, whlla wllfl}<tlacL .................. 1'11,lholu,..,. CC4~..... .. .. ... .. .... .... .... . U.S.A. IAL. IN. TN) ... .. ................................... . NA .. .. ........................ .. . 
P•artv muuat. v•Uow·bloaaom ..................... EplOIJla,ma 1-~Ml<lmi.t) //()ldl)tin,i lloi· U.S.A. (AL, TN) ............................... ...... ......... . NA ........ ··············" ·• .. ·· 

.,,u, ... 
PIQloe, lina-,eved ........................................... F~ W'l«>U............................... ....... . U.S.A. (AL, TN, \/Al .. ...... .. .............................. NA .............................. . 
P,gioe, rough ..... ........... ......... .. .............. .... .. .... ~-pliNN,m .. ................... ......... .... .... .. U.S.A. (IN, KY, TN, VA) ................................ . NA .......... ................... .. 
PiQloe. lhloy ... ....... ................... .. ..................... FIJSCC'lll;. ~ ............... ..... .. .............. .. U.S.A. (AL, TN. VA) .... .. ................................. NA .......................... .. .. . 
Pockelbooi<, 111 .... ......... .... ....... .. .... .. ..... .......... PolarnJu, l•Prop/wa) ~ .......... ....... ..... U.S A. (AR. IN, MO, Ott) ...................... ......... NA ........... .. 
Rllh allel, Ian ................................... ............. cp;ooi.,ma wd.#1 .. .. .... ..................... ........... . U.S.A. (KY, TN. VA) ........................ ................ NA ....... . 
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U.S. fish and Vt 

l~FR 4001: ME 
2-.,s FR 16047: 0 
J,-35 FR 8495: Ju: 
4-35 FR 18320: D 
5-37 FR 6476: M2 
&-38 FR tf678: Ji 
T-39 FR H991; D 
1--40 FR 29864: Jt 
,-.o FR 31736; Jt 
1o--,40 FR 44151: ~ 
U-40 FR 44418: t 
12-40 FR 47506; C 
13-41 FR 17740: i 
14-41 FR 22044: J 
15-41 FR 24064: J 
15-41 FR 45993: C 
17-41 FR 51021: l' 
15-41 FR 51612: l' 
111-41 FR 53034; r 
:ZO...-U FR 2076; Ja 
21-42 FR 2968; Ja 
:n-42 FR 15971. l\ 
:?3-42 FR 28137: J 
24-42 FR 28545: J 
2.S-42 FR 37373: J 
%5--42 FR 40685; .A 
%7-42 FR t2353; .A 
23-42 FR 45528; S 
29-42 FR 58755: ?i 
30-42 FR 607 45; :r; 
31-43 FR 3715: Ja 
32-43 FR 4028; Ja 
33-43 FR 4621: Fe 
34-43 FR 6233: Fe 
JS--43 FR 9612: M. 
36-43 FR 12691: l\< 
37--43 FR 15429; A 
38--t3 FR 16345; A 
40-4:S FR 20504; !t 
41--43 FR 28932: J 1 
42--43 FR 32808: J , 
43-43 FR 34479; A 
45--44 FR 21289: A 
46-44 FR 23064; A 
43---44 FR 29480; N. 
50--44 FR 37126: J1 
51--44 FR 37132: J1 
52-44 FR t2911; Jt 
54--44 FR 49220: A 
55--44 FR 54007; S. 
60-44 FR 59084: O 
ll5--44 FR 69208; N 
86--44 FR 70677: D 
87--44 FR 75076: D 
88-45 FR 18010: M 
90--45 FR 21833; A 
91--45 FR 24090; A 
92-45 FR 27713; A 
93-45 FR 28722: ·A 
94--45 FR 35821: M 
9~5 FR 44935: J1 
96--45 FR 44939; J t 
97--45 FR 47352; J1 
98-45 FR 47355; Jt 
99--45 FR 52803; A: 
100-45 FR 52807; ; 
102-45 FR 54678; 1 

.... ~ 
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U.S. Fish and Wildlife Serv., Interior 

1-32 FR 4001: March 11. 1967. 
2-35 FR 160•7: October 13. 1970. 
3-35 FR 8495; June 2. 1970. 
t-35 FR 18320; December 2. 1970. 
5-37 FR 6476; M.arch JO. 1972. 
6-38 FR 1•678: June 4. 1973. 
7-39 FR 44991; December JO. 1974. 
~O FR 29864; July 16. 1975. 
~0 FR 31738; July 28. 1975. 
10-40 FR +ll5l: September 25. 1975. 
11--40 FR 44418: September 28. 1975. 
12--40 FR -17506; October 9, 1975. 
13--41 FR 17740; April 28. 1976. 
14-41 FR 22044; June l. 1978. 
15-41 FR 24064: June 14. 1976. 
15----41 FR -15993: October 19. 1976. 
17--41 FR Sl021: ~ovember 19. 1976. 
18-41 FR 51612': November 23. 1971t. 
19-41 FR 53034: December 3. 1976. 
20-42 FR 2076; January 10. 1977. 
21--42 FR 2988: January 14. 1977. 
22-42 FR 15971. March 24. 1977. 
23--42 FR 28137: June 2. 1977 . 
24-42 FR 28545: June 3. 1977. 
%5-42 PR 37373; July 21. 1977. 
28-42 FR 40885; Auirust 11. 1977. 
27--42 FR 42353: Ausust 23. 1977. 
23-42 FR 45528: September 9, 197,. 
29-42 FR 58755: November 11. 1977. 
30-42 FR 60745: November 29. 1977. 
31--43 FR 3715: January 27. 1978. 
32--43 FR 4028; January 31. 1978. 
33--43 FR 4621: February 3. 1978. 
34-43 FR 5233: February 14. 1978. 
3~3 FR 9412: March 9, 1978. 
38---43 FR 12691; Mareh 27. 1978. 
37--43 PR 1M29: April 13. 1978. 
38-43 FR 15345: April 18, 1978. 
40-43 FR 2.0504: May 12. 1978. 
U--43 FR 28932: July 3. 1978. 
-12--43 FR 32808: July 28. 1978. 
43--43 FR 34479: Ausust 4. 1978. 
4~ FR :21289: April 10. 1979. 
48---44 PR 23064; April 17. 1979. 
48-44 FR 29480: May 21. 1979. 
50-44 PR 37128; June 25, 1979. 
51-44 FR 3713:Z: June 25. 1979. 
52-44 PR 42911; July 20. 1979. 
54-44 FR 49220; AuKUat 21, 1979. 
5$-44 FR 54007; Se-ptember 17. 1979. 
60--44 PR 59084: October 12. 1979. 
85--H PR 69208: November 30. 1979. 
85-« PR 70677; December 7. 1979. 
87--44 FR 75078: December 18. 1979. 
88-45 FR 18010; Ma.rch 20. 1980. 
90-45 PR 21833; April 2. 1980. 
91--45 PR 24090; April 8. 1980. 
92---45 FR 27713: April 23. 1980. 
93-45 PR 28722: ·Aprtl 30. 1980. 
94-45 FR 35821: M&y 28. 1980. 
95-45 PR 4-i935; July 2. 1980. 
~ FR 44939; Ju.17 2. 1980. 
9'7--45 PR 47352: July 14. 1980. 
93-t5 FR 47355; July 14. 1980. 
~5 PR 52803; Aueust 8. 1980. 
l00,......t5 FR 52807; AuKUat 8, 1980. 
102--45 FR 54678; Ausust 15. 1980. 
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103-45 FR 5565•: Ausust 20. 1980. 
105--45 FR 63812: September :?5. 1980. 
106--45 FR 55132: October 1. 1980. 
108--46 FR 3178: January 13. 1981. 
111--46 FR 11665: February 10. 1981. 
112--46 FR 40025: Auiiust 6. 1981. 
113-46 FR 40664; AUiUSt 10, 1981. 
ll•-47 FR 4204; January 28. 1982. 
115--47 FR 5•25: February 5. 1982. 
117-47FR 19995; May 10. 1982. 
119--47 FR 31670; July 21. 1982. 
123--47 FR 43701; October 4. 1982. 
124---47 FR 43962; October 5. 1982. 
125--47 FR 46093: October 15. 1982. 
127--48 FR 512; January 5. 1983. 
128--48 FR 1726: Ja.nll&l"Y 14. 1983. 
129--48 FR 28464: June 22. 1983. 
130--48 FR 4018•: September 2, 1983. 
131-8 FR -l3043: September 21. 1983. 
132--48 FR 46057: October 11. 1983. 
134--48 FR 46336; October 12. 1983. 
135--48 FR 46341: October 12. 1983. 
136--48 FR 49249: October 25. 1983. 
137--49 FR 1058; January 9, 1984. 
138--49 FR 199•: January 17, 198-l. 
139--49 FR 2733; January 23. 1984. 
H2-49 FR 7335: .February 28, 198-t. 
143-49 FR 73941 February 29, 1984. 
144--49 FR 7398; February 29. 1984. 
145--49 FR 10526; March 20. 1984. 
H6--l9 FR 14356; April 11. 1984. 
1•~9 FR 22334; May 29. 1984. 
150-49 FR 27514: Ju.17 5, 1984. 
156-49 FR 33885; Auiiust 27. 1984. 
157--49 FR 3H94; Ausust 31, 1984. 
159-49 FR 3450•; AU&USt 31. 1984. 
160-49 FR 34510: Ausust 31. 1984. 
161--49 FR 35954; September 13. 1984. 
163-49 FR 430d9; October 28. 1984. 
164---49 FR 43969: November l. 198•. 
166-49 FR 45163: November 15. 1984. 
168--49 FR 49639; December 21. 1984. 
169-50 FR 1056: January 9. 1985. 
170-50 FR 4226; January 30. 1985. 
171-50 FR 49-t5; February 4, 1985. 
173-50 FR 12302; Ma.rch 28. 1985. 
l 7•-50 FR .12305: March 28. 1985. 
181-50 FR 20785; May 20, 1985. 

97 

182-50 FR 21792; May 28. 1985. 
183-50 FR 23884; June 6, 1985. 
18•-50 FR 24530; June ll. 1985. 
185-50 FR 24653: June 12. 1985. 
188-50 FR 25678; June 20. 1985. 
188-50 FR 26575: June 27. 1985. 
189-50 FR 27002: July 1. 1985. 
193-50 FR 3019•: July 24, 1985. 
195-50 FR 31596; Au~t 5, 1985. 
198-50 FR 31603; Ausust 5, 1985. 
203-50 FR 37198; September 12. 1985. 
205-50 FR 39117; September 27. 1985. 
208-50 FR 39123; September 27. 1985. 
210-50 FR 50308; December LO. 1985. 
211-50 FR 50733: Dececber 11. 1985. 
212-50 FR 51252: December 16. 1985. 
218-51 FR 6690: February 25. l9U. 
222-51 FR 10850; March 31. l9U. 
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223-51 PR 10857; March 31. 1986. 
224-51 FR 10864; March 31. 1986. 
227-51 FR 16047: April 30. 1986. 
223-51 FR 16482: May 2. 1986. 
233-51 FR 17980: May 16, 1986. 
236-51 FR 23781; July l. 1986. 
239-51 FR 27495; July 31. 1986. 
241-51 FR 31422; September 3. 1986. 
242-51 FR 34412; September 26. 1986. 
246-51 FR 34425; September 26, 1986. 

[48 FR 34182, Jul:, 27, 1983; 48 FR 34961, 
Aue. 2. 1983. u amended at. t8 FR 39943, 
Sept. 2. 1983; 48 FR 46337, 0a. 12. 1983; 48 
FR 527t3, Nov. 22. 1983: 49 FR 1058. Ja.c. 9, 
1984; 49 FR 33892, AU£ 27, 1984] 

El>ITOU.U. Nan:: For additional Frl>DAL 
Rz:cisn:JI cit&tiona aff~ the table in 
117.ll<hl. see the Ust.tnc which !ollowa the 
table. 

ErtiLHY• DAT:1, Nan:: At. 51 FR 34412. 
34425, Sept.. 26. 1986. the table In I 17111<-hl 
WU amended by adding " Shrew, Dismal 
Swamp southeastern" &lphabetically under 
"Mamm&la" and add.in& "Crayfish. Na.sh­
ville" &lph.abetlcallY under "Crustaceans" , 
effective October 27. 1986. 

D 17.1% Endanrered and threatened plant.a. 
Ca) The list in this section contains 

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 a.s Endan­
gered or Threatened because they are 
su!ficienUy similar in appearance to 
Endangered or Threatened species 
<see § 17.50 et seq.). 

Cb> The columns entitled "Scientific 
name" and "Common name" define 
the species of plant within the mean­
ing of the Act. .'\.lthough common 
names are inclr.::!ed. they cannot be 
relied upon for identification of any 
specimen. since they may vary greatly 
in local usage. The Services shall use 
the most recently accepted scientific 
name. In cases in which con!u:.:on 
might a.rise, a synonym<s> will be pro­
vided in parentheses. The Services 
shall rely to the extent practicable on 
the International Code of Botanical 
Nomctelature. 

Cc> In the "Status" column the fol• 
lowing symbols a.re used: "E" for En­
dangered. "T" !or Threatened, and "E 
[or Tl CS / A>" for similarity of appear­
s.nee species. 

Cd> The other data in the list are 
nonregulatory in nature and are pro­
vided for the information of the 
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reader. In the annual revision and 
compilation of this tiUe. the followtna 
informa.tion ma.y be amended without 
public notice: the spelling o! species' 
names. historical ra.nge. footnotes. ref­
erences to certain other applicable 
portions of this t1Ue. synonyms, a.nd 
more current names. In any of these 
revised entries. neither the species, aa 
defined in paragraph Cb> of this sec­
tion. nor its status may be changed 
without followinii the procedures of 
Pa.rt 424 of this title. 

Ce> The "Histciric range" lndica.tes 
the known general distribution of the 
species or subspecies a.s reported in the 
current scientific literature. The 
present distribution may be greatly re­
duced from this historic range. This 
column does not imply any limitation 
on the application of the prohibitions 
in the Act or implementing rules. Such 
prohibitions apply to all individuals of 
the pla.nt species. wherever found. 

Cf)Cl) A footnote to the F!:DERAL Rm­
rsn:a publication<s> listing or recla.ssi• 
fying a species !.s indicated under the 
column "When listed." Footnote num• 
bers to §§ 17.11 and 17.12 are in the 
same numerical sequence. since plants 
and animals may be listed in the sa.me 
FEDERAL REGISTER document. Tha.t 
document, at least since 1973, includes 
a statement indicating the basis !or 
the listing, a.s well a.s the effective 
date(s) of said listing. 

(2) The "Special rules" and "Critical 
ha.bitat" columns provide a. cross 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 experi­
mental populations and determine if 
they are essential or nonessential. Sep­
arate listings will be made for experl• 
mental populations. and the status 
column will include the following sym­
bols: "XE" for an essential expertmen• 
tal population and "XN" for a nones­
sential experil..lenta.1 population. The 
term "NA" (not applicable> appea.rin1 
in either of these two columns indi• 
cates that there a.re no special rules 
and/or critical habitat for that par• 
ticular species. However. all other ap­
propriate rules in Parts 17. 217 
through 227, and 402 still apply to 
that species. In addition. there may be 
other rules in this title that relate to 
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SpeclH Hlalc<lc rang• 

SclenUflc nome Common name 

/.gavaceH-Ag••• family: 
A11•""' •ruonic• .......... ......................................................................................... .... .. .. . l\llzona agave ......... ......... ..... ........ .... ......... .. .... U.S.A. IAZI ....................... . 

ANam1l1cHe-W1lOl·pl•nl1ln family : 
S.flill•rla l•IQCUl•t• .. .................................................................................................. Bunched 111owh11d ............ .......................... . U.SA. INC. SC) .. ....... .. .. .. . 

....... 
Am1r1nth1ce1e - Amar1nlh tamU-;: 

Achyr• nlhH '°'""""'····· .. ······· .. ····"··•o,•·· .. · .......................... .. ................................. . Nona .... .............. ......................... ... ........... ........ U.S.A. IHI) .. ... ................... . 

Annonaceeo- Cu1lord-1ppte family: 
AJ1'tnil,• tetrarr>Bra ., ............•...... ........•..•.... ............•. ....•.. ..............................•.•..•. .. .•..... 
OtttNingolhamnu, pu/ch<,/W ...................................................................................... . 
OHrinl,lolhlrmnul (Vf/Mlil .............. ....... ........... .... .. ...... ..... ......... .. .. .... .. .. ............. ....... .. . 

FOU1 -pel1I p1wp1w .... ... ... ............................... l)~A. (Fll ...................... .. . 
Baaulilut pawpew ............... .. ...... ..... .. ..... , .............. do ......... ... ........... .. ....... . 
Ruger, pewpaw ........... .. ............................. .... .. .... do ............. .................. . . 

AplaceH-Po11ley lomily: 
Oxypoli1 canbyi ... , ..... ........... ................................ .................. ...... ............................. ... Canby'• <JtopwO<I .................... ........ ............... . U.S.A. IOE . GA. MD. 

NC. SC). 

Apoc:yn1ceH-Oogb1ne family: 
Cyc/aCH1nia ,.,,,,,., va,. Jona,11 ............................................... ......... .. ... .... ............. .... . Jonaa cycladenlo ............................................ U.S.A. IAZ. UT) ................ . 

A1terace1e-AtlM famtty. 
Arr,yro•iplwm u~n•• up . .. ~ .. .................................. ................... . 
Bwn, cvna•t• ........ ................ ....................... ..................... ................... .. ............. .... . 
Cht)'>opsis lloridaflll 1-H•t•rath<,ca llorldanal ............ ..................... ..................... . 
Oyuodia IPphroltlUCII ... ............................. ............................ . .... ....... ........................ . 
EcNn, c1111 111nr,eJ1e•n51i ...... ............... .... ......................... . . . .............................. . 
EnctJtio,: ~-1, m,dicauu, vat. tonur,•ta .............................. . .............. .......... . 
Eri'i}ttron m~11virtli vat. m.(IIJl,.i .. .. .. ... ................ .......... .......................... .... .. ............. . . 
Eugeron 1hitorn•tu1 ..... .......... .... ............... ....... ................ . .. .... ... ... .... .......... . 
Grindolla lra•inoprr,lt1nJi• .......... .. ............ ..... ........ ................ ....... .............................. . . 
Hym,moxy, ••••,,. .... .................................................................................................. . 
L~haola ..,,,.,,. ........... ...... ....... ................ .. .. ............... .... ... ........ .................... .. ... . 
Pityopsis f&Jlhil ( - tltllMOIMCa f&Jlhi/, - Chf>,opJ/1 f&Jlh•l.. ........................... ....... . 
S•f>tl'C,"' l1•ncist:•llU• ....... ........ .. ................ ... ......... ....... .. .. ........................... ..... ......... . . 
SoticlaiJO •hOIIM ......... ......................... .................................. . ...................................... . 
So/OliJO ,p/lhlrma•• ........................................................... .... .............................. ..... . 
Sltlf)hanom,,,,. malM.,,.,,lit .. ..... ......... ... .. .. .... ...... ..... .......... ... ... .... .......... ... .. .. .. .... ... . 
To,.nsttno,aap<ica ............ ...................... .. .. ......... .... .. ... ...... .......................... ............ . 

·Ahtnahlna IMauna KH 11Ne11wordl ......... . 
Cuneale bldena .............. .... ........... .. ............. . 
Florida golden 11le1 ........ .. .... .. ....... ................ . 
Ashy dogwoed .... ... .......... . .. ....... ............ ...... . 
T onnouo• pu,pl• c;ooellow8f ........ .............. . 
Aah Meadow• 1unr1y .......... .......... .. 
Maguire daisy ....... ............ .............................. . 
Rhizome lloabona ........................... .............. . . 
Aah Meedowa gumplant... ................. .. .... ...... . 
None ................................. ... ........................... . 
..... . do ... .. ..... ..... ..... .. ... .................... .............. ... . . 
Rulll· • golden Hier .............. ... ... ......... .. ........ . 
Sen f,1ncl1co P11k1 ground••I .................. . 
ShOll·a goldenrod ............................. .............. . 
Blue Ridgo goldonrod ....................... ............. . 
Molhour wke·l•nuc• ....... .......... .................... . 
LIil Chane• lownHndia .... ....... . 

U..!I·"- IHll ........................ . 
...... do ... ..................... ..... ... . 
U.S.A. (fl.) ........................ . 
U.SA. (TX) ...... ................. . 
U.SA. (TNl ....................... . 
US.A. INV) .............. ......... . 
U.S.A. IUTJ ... .................... . 
U.S.A. INt.1) ... ................ .. . . 
U.S.A. (CA. NV) ............... . 
U.SA. (TX) ....................... . 
U.S.A. IHll ........................ . 
U.SA. (TN1 ....................... . 
U.S.A. (All •• · .................... . 
US.A. IKY) ......... .. ............ . 
U.S .A. INC. TNl .. .......... .. . . 
U.S.A. (DAI ...................... . 
U.SA. llJTI .................... .. . 

Berberldaceae- Ba<befry lamlly: 
Mahonia fOOl>tli I• 81>ft,,,ri, • 1 ................................................................................ . T ruct,.eo bartHKry .................. .. ................. .. ...... U.S.A. (CAI .................. : .... . 

BalulaceH- Birch lamlly: 
Batu/a ubM .... .............. ... .. .......... ...... ...... .. ....... ......... ...... .. ... .. ........... ..................... .... .... Vlrglnla round·INI ti.ch ................................. U.S.A. (VA) ...................... .. 

B0<1gln1ceae-B1ng• lamlly: 
AmalncAla ll'•ndifkx• . Largo-llowertd llddt•necll .............................. U.S.A. (CA) ....................... . 

~~:r~~~~~:==~:::::::::::::::::::::::::::::::: u.~! .I~~.:::::::::::::::·:::::::· 
.... .. do ......... .... .. ................. . 

Bu111co1e--Bo•'IWOO<I lomlly: 
BulRJtl .,.,,,,, Vehl·a bo.-...ood .............. ............... U.S.A. IPR) .. .. ................... . 
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pe,l)<lflQac•••-11.-.rv l•milf· 9 ! L ...... ~ ....... . 
,W,t/lollil ~,-~ •1··········"·········"······················· • -

ll•IUllceH- lllrctl lemilr, ................ .... . a.llJlt"""' ···· ······ ··························· ............................. . 

lu •¥ " -~··· . . I 
. UliA. (VA) ...................... . 

;nl• 1"""4·1.,11 "°''° ............................. . 
········"" ······ ····· 

-----·-----__.------·-·• ... ----.. ---· - --· . 

..... 
0 ..... 

lk>t~.-80<1g1 lam,tr; Anw,,,u, fllM>ahor. .... .. .. .. .. .. ..... .. ............ .............. .. ........................ ......... latijl·llow118d lld<bOICk .. ... ........................ . U.S.A. (CA) ......... ........ .. ... .. 

.._c.ea.-Mu1tatd family: . 
A,lllli, mca,;;,n,,ldiMY ............ .. ................ .................... .. .......... .......... .. .. .. .... .. ...... ........ .. McOooekf• IOCll-CIHI ..... .. ...... ..... .... .. .. .. ..... .. U.S.A. (CA) ... .................... . 
Ety»imum ~tum val. Mlf1U''4/1J111 .................. ..... .... ............ .... ...... .. ........... .. .... .. Conba Co111 w•llllowllf .... .............. .......... .. ... . do ............ .. .................. . 
~ ,r""°P'laUII ..... ............................................................. ....... ................ S1eodllt•p<11alw mu,tasa .... ........... .... .. ..... ... .. ... .... do ...... .. .. ....... ..... .. ....... .. 

lluxacea.-Bo•"'ood lamlly: 
Buxua vah/11 ................. .. .. .................................................................... ................ ...... .. .. Vati1•1 bolrolood ............................................... U.S A. IPR) ......... .. ..... .. ..... . 

C.Ctac .. .-<:ectu1 family. 
A/lQ$trOC..:"4 /Obu$Chil I• EclwloUcM t. /,un,m,/j/jfy t I ........ .................... .... . T Ol>UICh 611\hook cact.,. ............................. .. U.S A. (TX) ............ .......... .. 
c..r- MCp(>OIW va,. tag,-....... ........................... ................................ .............. f1ag,aot p,lcllly- apple ............................ ....... . 
C.,-- robirw .. .......... _ .. _ ...................................... _........................ .............................. Kay 11-Clul .. ........... .. .............. .. ...... ....... .. . 

USA. ffl) .... ................... .. 
U S.A. (fl), c.Jba ............ . 

Cayp/1,,n""' minitna l•G ,.,...,,._ EIICDl>Mill 11. 11,qmm,JJ,vy n.) ......... .. ............ Nellie co,y cac1u1 ......................................... .. 
Cot)p/lllnllWI ,,,m,11ou .............................................................. ................................. .. 8uoct141d co,y cac1..-, ................ .................. .. 

US.A. (TX) ................. .... . 
U.S A. (TX), M•iuco 

fCoahulla) . 
Cot)p/lllnllWt ,~...., c -CoclllNM , .• E«>Olwilt r.) ....... .. ........ .. .... ....... .... .... . Coci~H plocullllon cactue .......................... .. U.S A. fAZ), Mexico 

(SOIIOla). 
Cot)p/llln/114 at-1il va,. IHi (-£~ t. u.mtnillNM I ) .. .. .. ....................... . 
Cot)p/lllnlhll M>ffdiv11. IM«li (-EIICDl>Mill 1,. ~ •) .. .. ...... .. ..... ..... . 

lea ploculllloo cac!Qa, ................................. .. 
So.11<1 p!OCUl/llOn cactua ............................. .. 

U.S.A. (NM) .................... .. 
US A. (T)(. NM) .............. .. 

E~ hotuoollWtloniw va,. nicholil .......................... .. .... ... .. ....... .. .. ....... ..... .. . Nicll()f'e Tut11'1 hud cac1u.-.. ...................... .. USA. (AZ) .• , ................... .. 
Echnoc«..,. ~vu. ~ ............. .. ............... ................ .. .............. .. Putple-lljllned hu<lgehog cactua .................. .. U.S.A. (U'f) .. .. ................... . 

E~- hmdltMI va,. ,_,,., (-£. ~ E. ~• ol autlloB. Ku<11\lle1 hed\juhOQ caclu1 .......................... .. US.A. (NM) ...................... . 
not fobll) . 

E~..,. lot<ii 1-E. ""'""" Val. 1) ....................... ............ ............................. . Uoyd'1 h.agehog cactu1 ............................ " . U.S.A. {TX} ...................... .. 
E~..,. ~ Val. •lbMlil , _ E ~In.II) ............................. . Black lace cac1u1 .......................................... .. ...... do ............................... .. 

Ecllir,oc,,,- ""1~'"" va,. arilonicua 1-E woni:wl .................. ........... .. Nilooa he<IQ•llOQ cactu1 ............................. . U.S.A. (AZ) ...................... .. 
Ec/linoc#..,. /rip~"4 VII . inannG 1-E ~ • .,. I. E. phot,ni- Splollle .. h<)dgehog caclu1 .......................... . U.S.A. (CO, un .............. .. 

-... va1. 11. 
Eaw,o,;;:,,,- wotb'W va,. a.t/JS.lf-E. a..wi .................................................. . Oavl1' g,eeo pitaya ._ ............................... .. .. U.S.A. (Tl() .. .. .... ........ .... .. 

N«>ilo,O. m,,r~ (-Ec/li,IOCJIC/W m. E~•IW m.) .. ...................... . Lloyd'. M•llp0aa caCIUI .. .. ........................... . U.S A. (TX), Mexico 
(Coehuile). 

~utN•~(-T-,,•b.) ......................................................................... .. 81ady pw:u1hlon caclUa ............................... . U.S.A. (AZ) .. .. .................. .. 
~ctw •nowtu:,n,,f-P. IN•~•.,. t r-r• l) .. .. .. ........... ...... ...... .. .. .. .. . .. Knowlton cac11,1 .......... ................................ .. .. US.A. (NM, CO) ............. .. 
~,,.,. PHD'-WIUI Val. J>Hblt,wnua 1-Ec/WIDUctw p., Nlovajoa p.. P"6blH Navajo cactue ................................. .. U.SA. (AZ) ...................... .. 

Toum11ya p. , UWUII p.). 
~ctua _,1-EclwloUcrw a, UWUll f.) ............................................. ...... .. SIie, plocu1hloo CICIUI ........ ........ ...... ............ U.S A. (AZ, un .. ...... .. .. ... .. 
~CIW fll4!JC4A I -EchinoCJlclw /1- , E. t<q/14"""4 E. •flf>Pl<N • .,. /I , 

l'wJiocl,ctw fl .• S. bn4.wl( S. •hff>lt# v11. fl . ) . 

~tu, m,,u.--a.. 1-Co,o.e<AA, 111. £(:(IVIOCIICIW m., P;,d,.x.ecllA 
111). 

ScJaioc.ectua ltf\1/lli.o• I -PwcJJoc.ectw w. ) ..... .. ....... .... ............. .... . 

CetyophyM1cH1t--Pioll lamlly. 

Uinla 8ailo hoollleaa c1ctua ..................... .... U .S.A. (CO, un .... .......... .. 

Mila Ve1da c1cw1 ......................................... U.S.A. (CO, NM) ....... ...... .. 

Wtighl ftlhhook caclu1 ................................. .. U.S.A. (UT) ....................... . 

SctwoM 8'Mll..,,/4 ..................................................................... .. .. .......... Ownood HHd ~ ................................ U.S.A. IHI) ....................... .. 

~ I 

·---·- ~ 
C 

E 118 11.86(a) NA !n 
::!! 

E 44 NA NA 
.. 
:r 

E 3& 11.&tlfa) NA a 
E 158 NA NA :a 

A. 

E 1&7 NA NA ~ e; 
E 80 NA NA :.; 
E 208 NA NA • 
E 153 NA NA "' • E 81 NA NA t T 11 NA NA 

T 214 NA NA :i" -• T 01 NA NA 
.. 

E 82 NA NA 
o· .. 

E 71 NA NA 
E 58 NA NA 
E 10 NA NA 

E 07 NA NA 
E 118 NA NA 
E 62 NA NA 
E 83 NA NA 

E 81 NA NA 
T 11 NA NA 

E 113 NA NA 
E 72 NA NA 
E 8& NA NA 

E 84 NA NA 
T H NA NA 

'· T 76 NA NA 

E M NA NA 

'°" .... 
E 141 NA NA =-4 ... 

~ 



._. 

r 

.... 
0 
t,) 

ChenopodioceH - GOOHlool lamily: 
~ mo114.,.n.i. ... ....... ............................. .. ....... .. ..... ....... ........................... ...... "J' 

Oa1ace .. - Rocluoa1 lomily: 
-,on;. rnontan,, .. 

°" l ·······•· ····=9·= J s A. t ' ······················· 
Mounlaln gol<)en heau,e, .............. U.S A. (NC} .................... ~ .. 

Craaouac .. a--Slooeaop family: 
~ n,A"'• ·•··•····· ·· ··· ······································································· ········· ··········· · S&nla Bart>ara laland W,elorev..- ............... ... U.S A. (~!·····················••· 

Cucut>llaceae--Gou,d lamily: 
r~ ma~li ... .. .... .. ........................ ................... .. ................ ...................... Tumamoc gtobe ·INl•r, 

Cl.p-11Hcaae-C)p<es1 larnlf1: 

U S A. (Al). Muk:o 
(Sonoral. 

FlllrOya av•uoi<w, ........................... ....................................................................... Cllllaan la la• la,ch ( • alorca) ........ ....... ... ..... Cllilo. Atganllna ......... ...... . 

Cyp..-acoaa--Sedgo lamily: 
c.,,..,p«:uicola ...................... ..... .. ...... ... .............................................. ...................... None ........... ....... .... .. .. ..... .... ..... .. . 

Erlcac•H-HHlh lomlty: 
Ml~lllf>hylo1 put>gM>I • .,. ,...,,, I -A hooABrl uc,. ,.....,.n ........................... Proaldlo (•Raven·,, man,anlla 
RhDdodtlndron ~ ......................... ...................•••..........•..........................•...... Chapman rhododendron ..... ... .. ........ . 

Euphort>laceoa--Spurge •~ 
£'-f)llott>i. I -0..ma•-iar> 1#/lolrJH NI). d9//okJH ..................... ........................ Spurge ................... ······ ·················· · 
£'-f)llottMl•Ol.m.ff1rc-lfl'l'r-/ .... ..... .... ................ .......................... ....... ............ None ............. ........... ..... ... .. .... .......... ... . 
£'-f)llott,i,, oAoll>l>M(/11 va, . ._,..,.,.,,,. ....•..... ..•...•.. ...•.... .•. ..... ...•.. ...................•..... ... . Ewa Plalna 'okoko .... ..... ... ... ............ ... .... ... .... . 
J./rophll co,i.~n tJ1 .. .. .... ... ............. .. .. . ......... ....... ..•...•.. ..•............ ............ .. ........ .. Coala Rican ja~optia ...... ..... ... ...... .... .... ... .. ... . 

f o,bacaaa--Poa lamlly: 
Ar'OtP"- cren,,iot,, ......•.•.••.. .....•...•...... ... .....•.... .... .•. ... ....•...•••••.•..• ....... ••....•..•. .... .•.•....•. C.onulalo load·planl .... ..... .. .... ......... ..... ........ . . 
A1tr•~.,. humlllln..,. .................................................................................................. Manco, mllk·••lr h ...............•.....•.•. ................. 
A•tr•~-"" P9rionu1 ...•.....•.••.. ......•.•.......•.....•...•..••....•...••..•..•...... ....•............•.••......•..•... Ry<lberg mllk •vuleh ..... ................................... . 
A,h~IW ~ ................ .........................•.................•.......•..•............................... Aah Mudowa mllk•velc'h ..... .....•. ... ... ...... ....... 

luptni. ar•chnil••·· ···································· ··········•··•·················································· Haky ra lUewelld .... .. ............. ................ ........ .. . 
Galac<>a ,ma/Iii .............................................................................................................. Sm1N"1 mllkpea .. ..... ...... ... ....... ... .................... . 
llolfnwnnur,ri• ,.,,.,,. ............................................................................................... Sla1>d1< ruah-pea ............. ..... .......... ............ .. . . 
toll/J d9tldrok1t,u, 0119. hlAIH ( -L ....,.,_,. uc,. ti ....................................... San Clem1n11 lalond br-.i .. ..... ...... ....... ..... . 
Mozonovroo .... ,i.n.. ......... ......... ....... ........... .... .. ......... ........ ... .. ............. ................... Uhluhl .•....•..............................•...•........ 

• Vkl<I ~sl ....................•...................................................•.............. ........................ Hawaiian valch .. ... ......... ......... .... .. ............... ... . 

Franlienlacoaa--Frankanla 1•""'1: 

U.S A. (Al) ....................... . 

US A. (0..) ....................... . 
US A. (fl.) ................ ........ . 

US A. (fl) ... ........... .......... . 
... ... do ................................ . 
USA (HI) .... ....•........ ........ 
Coora Rico .......... .............. . 

US A. (Fl) ................. .... ... . 
US A. (CO, NM) .............. . 
U.SA. (Un ..................... .. . 
U.S A. (NV) ....................... . 
U.SA. (GA) .. ................... . 
U.SA. (Fl) ......... ...... ......... . 
US A. {TX) ..... ... ...•....... .... . 
US A. (CA) ...•........•...•.•..... 
II S .A. (HI) ....•.........•. ...•. .... 
...... do ...•............................. 

F,.n>..,,.,. jahulon. ................................................................•.....................•............. John11on•1 lranilonla ............•.................. .... ... U S.A. (TX). Mexico 
(Nuovoloon). 

O.nU1n1ce.1.-.0•nllan l1mUy: 
C.nt•unum n.m<y>(IJvm ......... ...•..••...•.......•....•... ..... .. .. .... ..............•...... ... .........•...... ... Spmg·lovlng con11..y ........•................ ... .. ..... U.11 .A. (CA, NII) ...••..•...•. ... 

Ooodonlocoaa--GOO<J~nl• ltrrMy: 

sc .. ,ola -i.c•• .. ······················••· •· ····· 0-rfN....-ka ............ . ................................. . U.8A (HI) ..••.....••.••..•••..•... 

l~oph-,Uoco .. -w,10,1011 lamlty. 

fl'h.c:11'• · ' " '"• ' "" .. ·········""•· ············••· ....................... , ...................... ................... . Oey phocoNa ....... .......... .. ....... .... ... ...... . . .. .. U.S.A. (UT) ....................... . 
PIMc.llo lormowla ............ .............. ........ ........... .... ......... ................. ....... . North Pa<k phec .. 11. ·· •·· ················ · US A. (CO) ...................... . 
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711 NA NA 

111 17.IHl(ol NA 

15 NA NA 
47 NA NA 

182 NA NA 
182 NA NA 
120 NA 
1&4 NA 

NA 
Ill NA 0 

Q 
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117 NA 

311 NA 
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39 NA 
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NA 
"" NA ... 

20II NA 
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NA -238 NA 
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NA °' m 

Q. 
165 NA NA = 0 

~ ...... 

Ill 17 "1•1 ttA ~ 
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all NA NA .. 
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44 NA NA :a 
A. 

121 NA NA s 
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0- Ooodeni.lamMy; 
--.............. ....................... ........................................ .............. .............. [¥ ... ,......,... . .......... .. .. ........... . .... .. .. ........ ... . U.8 .A. (111) .............. ... ....... . 

H>-drc,phrNacN.-Wa llNINf family; 
~ ~ .. ........ ......................... ........................................................ ............. Clar pllac.11& ................................................... U.S.A. (Un ....... ................ . 
~ A:ir, ............................ .. ..................................................................... ............ Noolll Palll pha~lla ...... .... ... .. .............. ......... U.S.A. (CO) .. .. .... .. ....... .... .. 

LamiM:aa.-Mtnl lamll1: 
AunlllOmlt,V.. -••'- Nfl. cA,/lonM ......................................................................... .. Sao MalllO lhommlnl ............. .................... .... USA. (CA) ........ . 
Dk»<•ndr• Q;ll7)Uliu,rN .... .... ................ ............... .. .... .. ......... .. ....................... ........ .... lonuapu<re<I mini ... ........ ........ .. ..................... .. U.S.A. (fq ...... . 
C!tc«anc¥a hil_.. ............................................................................................... .. SGlub ~! ............... .. .... ............ .......................... ... do .............. . 
Dic;watoa .i-M>aGulot. ......... ..................................... .... ........................................... u~ula'1 mini ................................................... .. .. .. do ...... ..... .. . 
~~~••&1.~ ... ...... _ ................... .. ....................... . None .. ......................................... ..................... .. U.S.A.(HI) ....................... . 
H«»o,na ap,cuit,Am ...... .. .................. .. . .............................. .................... ..... .... ......... .. Mct<nllica peMyroral ................. .. .................. U.S.A. (TX. NIAi 
ll«J«xna IOdH<>il ................................................................................. ........................ Too •• n·, P"M)"Dyel ..... ......... ........ :: .... ........ .. U.S.A. (NM) ... ..... .. ............ . 
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MeJvac:aa.-Mallow lamilv: 
Ab<,Ub, tntNIDl>U........ .. ........ ... .. .. .......................... .. ....... ..... ...... .. .......................... ...... Ko'okHl'ula ..... ......... .... .. ........ ...... .............. ...... U.S.A. (HI) ...... ............ .. .... . 
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Ooagt•ceH-Ev•nlng·pnm<OM family: \. • . . 
C.mi,wnt., NnilMM ....•.. .................. .•.......•..•.........•....•.........••..... 'o). ........................ r Ban Btfntto .rat,1ng.p,triJ,oM :! ......... .,.. ..... ! U,SA. (CA) ........••...•.......... 
Ot,not,.,,,• •rll• up. -A•nJ/1 ...................................... ...................... ..... } ............. Eu,ektlV•ll"1 -1.•niog~o~ .......... 0 ......... 'j .. clo ... .,. ........ .-!) .......... . °"""'"""' c»llokHI up. hoW9IJI/ .... ........................................................ ................. . AnUoc:h Dune• ..,.nlng·pl1mlOM .................. .. .... do ··········· .. ···••-,.•·········· 

Orchld1ceH-Orchld t1mlly: 
l.a/1111 ~, ........................................................................ .............................. ! Small wlloflad pogont. ................ ... ................ 1 U.S.A. (CT. IL, MA, MO. 

ME. Ml. MO. NC. NH. 
NJ. NY. PA. Rt. SC. 

.,. VA. VT). Canada 
. (Ont.). 

Sp,r•nllln ,,.,-11 ........................................................... .. ............................................ , N1vuola tadl .......... ................................ , U.6 .A. (TX) ...•••••.••••••••••••... 

P,p1v111c11e-Poppy temlly. 
Alrt""""'°" humlli1 ....... ....... ............ ...................... ............ ... .............. ...................... ... 1 Owart beat·poppy .. ..•........•................ ............. . 1 U.S.A. (UT) •..•..•...•..•..•...•... i 

Plnac&H- Plne family: . 
llbitJ• f!Ulll•mahm,11 ........... .. ...... ................................ ........ ..................... ........... .... ..... 1 Guatemalan tit (-plnabat•l .......................... , MeJdoo. Ouat....ala, 

Hon<i,ra•. El 
S.tvaoor. 

PoaceH- G•aa• family: 
Tucton. muarxiat• c-Owtu ml .... ......... .............................................................. Solano grau .......... ... ..... .............................. - U.S.A. (CA) ....................... . 
Pan,cum c.rt#i ............................................................................................................ . Carte<•• panlcgrau ................ ......................... U.S.A. (HI) ....................... .. 
Swallt1nl• •lt1x•nd-a• ................................................................................................... Euteka Dune grau ........................................ . U.S.A. (CA) ...................... .. 
Zlz•nla ,. .. .,,. ....................................................... .. ....................................... ............... T exaa wikl·Jb ................................................. U.S.A. (TX) ....................... . 
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~~~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::•::IE~~~=r~::::::::::::::::::::::J~:i~!~~~:-.:~:::'.~:::I 
Rhamn1cHe-Bucklhom lamty. 

Gownla hl#tlbrandl/ ..... ..................................... .. ......................................................... .1 Nooe ............................................................... ..1 U.S.A. (HI) ........................ . 
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Cow•ni. 1vblnt,r,,-• ............ ............................................................ .............................. An1ona clllfro ................................................. U.S.A. (AZ) ...................... . 
/vaJ/• •111mlc. .. ................................... ........................................................... ...... ......... Aah M1adowa ...................... ..................... .. U.S.A. (NV) ...................... . . 
Pot•nlilla rolJbln..,,. .................................................................................................. Robbin•• dnqu.101 ......................................... U.S.A. (NH, VT) .............. . 

R.bla<•H-CoffH laml'r 
G,,.,.nllt brlghamll ....................................................................................................... Ne•u (Hawaiian Q&ldenla) ............................... U.I .A. Clfl) ........................ 
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Rulecoaa--Olrut •~mlly. . • . 
81 Thomaa prlckly-eah .. ................................ l U.I .A. (PR. VI) ................ . 
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HANFORD SANITARY WATER SYSTEMS 

During CY-1984, sanitary water was supplied on the Hanford Site by 17 

individual drinking water systems, each consisting of a raw water supply, 
treatment racilities, and distribution piping. A11 of the systems are 
operated by Department of Energy contractors with the exception of the City of 
Richland municipal system which provides water to the 700, 1100, and 3000 
Areas. Twe 1 ve of the systems ut i1 i ze Co 1 umb i a River water as a raw water 
source, four systems utilize groundwater, and one system (Richland municipal) 
a combination of the two. The systems range in size from those providing 

plant-scale treatment and serving extensive areas to nine systems which supp1y 

water to single or small complexes of facilities only. 

The systems, along with their sources of supply, service areas, and 
additional pertinent information, are listed below. A Hanford Site map 

depicting locations of the systems (with the exception of the Richland 
municipal system) is given in Figure 1. 

System 

100-8 

100-0 

100-K 

100-N 

200-E 

Source of Supply 

Columbia River via 
181-8 Pumphouse 

Columbia River via 
181-0 Pumphouse 

Notes 

Filtered and chlorinated. Sani­
tary water supplied to 182-8 Bldg. 
only. System is Rockwell (RHO) 
operated. 

Filtered and chlorinated at 183-0. 
Treated water a 1 so supp 1 i ed to 
100-F and 100-H Areas as needed. 
System is RHO operated. 

Columbia River via .Filtered and chlorinated. System 
181-K Pumphouse is United Nuclear Corporation {UNC) 

operated.-

Columbia River via 
181-N Pumphouse 

Columbia River via 
100-8 raw water 
export 

Filtered and chlorinated. 
is UNC operated. 

System 

Filtered and chlorinated at 283-E. 
System is RHO operated. 

Ref. 15.1 
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ALIAS: None 

STATUS: Inactive 
DIMENSIONS: 

Length: 
Width: 
Depth: 
Diameter-: 

so ft 
30 ft 
10 ft 
0 

SITE ID NO.: Pickling Acid Crib 

LOCATION: 600 Area 
COORDINATES: To be deter-mined 

SITE DESCRIPTION: 

FACILITY: Crib 

ELEVATION: 
WATERTASLE: 

A crib type structure SO feet by 30 feet and 10 feet deep located 
500 yards from the aid White Bluffs Ice Plant and 300 yards east 
of Federal Avenue. Vent pipes extrude ever-y 18 inches at the 
surface. 

SERVICE DATES: 1943 - 1945 

SERVICE HISTORY: 

The site was used to pickle galvanized p1p1ng for use in the 
reactor buildings during construction. The process used several 
thousand gallons of nitric and hydrofluoric acid. The site was 
retired in 1945 and the surface was covered with large cobbles. 

REFERENCES: 
Documents: 

Photographs: 122440-464-CN, 122440-465-CN 

Drawings: 

Ref. 16.1 



SITE IO NO. : Pickling Acid Cri b 

CHEMICALS DISPOSED 

No chemical inventory 1s available. 

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: 
S8-125: 
!-129: 
CS-134: 
CS-137: 
CE-141: 

RADIONUCLIDE INVENTORY 
(in curies) 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

CE-144: 
PR-144: 
PM-147: 
EU-152: 
EU-154: 
EU-155: 
NP-237: 
PU-238: 
PU-239: 
PU-240: 
PU-241: 
AM-241: 
U-233: 
U-235: 
U-238: 
TH-232: 
BETA: 
GAMMA: 
ALPHA: 

0.00000 
0.00000 
0.00000 
0,00000 
0.00000 
0 . 00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

This site was not used to deliberately dispose of radioactive waste. 

These values are decayed through April 1, 1986. 

Ref. 16 .. 2 



DIMENSIONS: 

Length: 450 feet 
Width: 230 feet 
Depth: 24 feet 
Diameter: 

SITE ID NO.: 107-B 

FACILITY: Retention Basin 

LOCATION: 100-8/C 

ELEVATION: 440 feet 

WATERTABLE: 40 feet 

COORDINATES: N71660/W80560, N71660/W80090, N71430/W80560, N71430/W80090 

DESCRIPTION OF FACILITY 

Concrete lined basin, 230 ft. x 467 ft., with a vertical baffle 
down the middle (lengthwise). The floor of the basin consists of 
concrete slabs, their joints originally closed with neoprene 
water seals. To a height of almost 10 ft. above the floor, the 
wa ll s slope and are about 4 inches thick. The upper sections of 
the walls (abo~t 10 ft) area vertical and range in thickness from 
about 5 1 8 11 at the bottom to one foot at the top. 

The basin has been backfilled with soil to a depth of almost four 
feet. 

DATE OF OPERATIONS: 1944-1968 

DESCRIPTION OF WASTE 

Retained cooling water effluent from the 105 reactor for 
radioactive decay and thermal cooling prior to release to the 
Columbia River. Total radionuclide inventories in the vicinity 
of the basins ranged from 5 to over 400 curies. 80% of the total 
radionuclide inventory is contained within the soil adjacent to 
the basins. Approximately 10 curies have leached into the 
concrete floor and walls. 

UNPLANNED RELEASE 

The following is a summary of unplanned releases in the basin 
area: 
- In early 1952, gross leakage at the inlet for the 105-B effluent 

line was detected and steadily increased in volume. 
- In late 1952, two known leaks from the effluent line occurred: 

(1) near the 12 diversion box for the 30 11 line and (2) near the 
8" riser for the temporary by-pass line northeast of the 105-8 
Building. 

- In February, 1954, a break occurred in the 107-8 Basin. 

EXTENT OF CONTAMINATION 

The extent of the contamination from these releases is well 
within the zone encompassed by the retention basin and is within 
the AC-5-40 permanent posting. Ref. 16.3 
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*** MEMO FIELD EMPTY*** 

REFERENCES: 
Documents: UNI-946 

Photographs: 

Drawings: 

Ref. 16.4 



0 

ro 

SITE ID NO.: 107-C 

DIMENSIONS: ELEVATION: 440 feet 

WATERTABLE: 40 feet 

Length: 
Width: 
Depth: 16 feet 
Diameter: 330 feet 

FACILITY: Retention Basins (2) 

LOCATION: 100-B/C 
COORDINATES: N-71045/W-79970, N-71045/W-80320 

DESCRIPTION OF FACILITY 

Two carbon steel tanks, each 330 feet in diameter and 16 feet 
deep. Each has a series of steel baffle plates inside to prevent 
water from channeling across the tank into the discharge line. 
Both tanks have been backfilled with soil to a depth of about 
four feet. 

DATE OF OPERATIONS: 1942-1969 

DESCRIPTION OF WASTE 

Retained cooling water effluent from the 105 reactor for radioactive 
decay and thermal cooling prior to release to the Columbia River. 
Total radionuclide inventories in the vicinity of the basins 
ranged from 5 to over 400 curies. 80% of the total radionuclide 
inventory is contained within the soil adjacent to the basins. 
Approximately 10 curies have leached into the concrete 
f1 oar and wa 11 s. 

UNPLANNED RELEASE 

The basin and its approximate 5 foot diameter effluent line has 
developed leaks during its operating life. It has been said the 
leaks could have been as high as 5,000 - 10,000 gallons per 
minute. · 

EXTENT OF CONTAMINATION 

The extent of the contamination from these releases is well 
within the zone encompassed by the retention basin and is within 
the AC-5-40 permanent posting . 

....... MEMO FIELD EMPTY*** 
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DIMENSIONS: 

Length: 450 feet 
Width: 230 feet 
Depth: 24 feet 
Diameter: 

SITE ID NO.: 107-0 

FACILITY: Retention Basin 

LOCATION: 100 D-DR 
COORDINATES: N-94455/W-52730 to N-94685/W-53250 

DESCRIPTION OF FACILITY 

ELEVATION: 420 feet 

WATERTABLE: 35 feet 

A concrete-lined basin, 230 ft. x 467 ft., with 20 foot walls. The 
design is about the same as 107-B. the basin has been backfilled 
to a depth of about 2 ft. The walls appear to be coated with 
asphalt. 

DATE OF OPERATIONS: 1944-1967 

DESCRIPTION OF WASTE 

Retained reactor cooling water effluent water from the 105 reactor for 
radioactive decay and thennal cooling prior to release to the 
Columbia River. Total radionuclide inventories in the vicinity 
of the basins ranged from 5 to over 400 curies. 70% of the 
total radionuclide inventory is contained within the soil 
adjacent to the basins. Approximately 10 curies have leached 
into the concrete floor and walls. 

UNPLANNED RELEASE 

The following is a summary of unplanned releases in the basin 
area: 
- In early 1950, leakage occurred on the north side between the 

basin and the river. Effluent water had drained under the 
road to the section between the road and the perimeter fence. 

- In the fall of 1951, excess leakage was detected above ground. 
As a result, two excavations were made. The holes were then 
covered, but effluent water continued to seep to the surface. 

EXTENT OF CONTAMINATION 

The extent of the contamination from these releases is well 
within the zone encompassed by the retention basin and is within 
the AC-5-40 permanent posting • 

• ..,. MEMO FIELD EMPTY*** 
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DIMENSIONS: 

Length: 600 feet 
Width: 230 feet 
Depth: 
Diameter: 

SITE IO NO.: 107-DR 

FACILITY: Retention Basin 

LOCATION: 100-D/DR 
COORDINATES: N-94058/W52516, N94680/W52219 

DESCRIPTION OF FACILITY 

ELEVATION: 420 feet 

WATERTABLE: 35 feet 

A concrete-lined basin, 230 ft. x 600 ft., with 20 foot walls. It 
has been backfilled to a depth of one to 3 feet. 

DATE OF OPERATIONS: 1950-1964 

DESCRIPTION OF WASTE 

Retained cooling water effluent from the 105 reactor for 
.~adioactive decay and thennal cooling prior to release to the 
Columbia River. Total radionuclide inventories in the vicinity 
of the basins ranged from 5 to over 400 curies. 70% of the total 
radionuclide . inventory is contained within the soil adjacent to 
the basins. Approximately 10 curies have leached into the 
concrete floor and walls. 

UNPLANNED RELEASE 

The following is a summary of unplanned releases in the basin 
area: 
- In late 1951, extensive leakage of effluent water at the inlet 
end of the 107-DR retention basin was caused by the pipes pulling 
loose from the basin wall. 

EXTENT OF CONTAMINATION 

The extent of the contamination from these releases is well 
within the zone encompassed by the retention basin and is within 
the AC-5-40 pennanent posting. 

*** MEMO FIELD EMPTY*** 
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SITE ID NO.: 107-F 

DIMENSIONS: ELEVATION: 400 feet 

WATERTABLE: 30 feet 

Length: 450 feet 
Width: 230 feet 
Depth: 24 feet 
Diameter: 

FACILITY: Retention Basin 

LOCATION: 100-F 
COORDINATES: N79967/W24130, N79967/W28900, N79500/W28900, N79500/W29130 

DESCRIPTION OF FACILITY 

A concrete-lined basin, 230 ft. x 467 ft., with 20 foot walls, 
similar in design to 100-B and 100-0. The basin has back-filled 
to a depth of about 5 feet, with soil piled to cover the walls . 

DATE OF OPERATIONS: 1945-1965 

DESCRIPTION OF WASTE 

tetained cooling water effluent from the 105 reactor for 
radioactive decay and thennal cooling prior to releae to the 
Columbia River. 70% of the total radionuclide inventory is 
contained within the soil adjacent to the basins. Approximately 
10 curies have leached into the concrete floor and walls. 

UNPLANNED RELEASE 

EXTENT OF CONTAMINATION 

The extent of the contamination from these releases is well within 
the zone encompassed by the retention basin and is within the 
AC-5-40 pennanent posting. 
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SITE ID NO.: 107-H 

D !MENS IONS: ELEVATION: 420 feet 

WATERTABLE: 10 feet 

Length: 600 feet 
Width: 273 feet 
Depth: 20 feet 
Diameter: 

FACILITY: Retention Basin 

LOCATION: 100-H 
COORDINATES: N96000/W38740, N96000/W38466, N95368/W38466, N95368/W38740 

DESCRIPTION OF FACILITY 

Concrete-lined rectangular basin, 273 ft. x 600 ft.; 20 feet deep . 
The basin has been back-filled ta a depth of about 4 feet above 
the floor and slopes to the tap of the walls. 

DATE OF OPERATIONS: 1949-1965 

DESCRIPTION OF WASTE 

!etained cooling water effluent from the 105 reactor for 
radioactive decay and thennal cooling prior ta release ta the 
Columbia River. 70% of the total radionuclide inventory is 
contained within the soil adjacent ta the basins. Approximately 
10 curies have leached into the concrete floor and walls. 

UNPLANNED RELEASE 

The basin and its approximate 5 foot diameter effluent line has 
developed leaks during its operating life. It has been said the 
leaks could have been as high as 5,000 - 10,000 gallons per 
minute. 

EXTENT OF CONTAMINATION 

The extent of contamination from these releases is well within 
the zone encompassed by the retention basin and is within the 
AC-5-40 pennanent posting. 
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SITE ID NO.: 107-KE 

DIMENSIONS: ELEVATION: 480 feet 

WATERTABLE: 70 feet 

Length: 
Width: 
Depth: 29 feet 
Diameter: 250 feet 

FACILITY: Retention Basins (3) 

LOCATION: 100-K 
COORDINATES: N(K)S65699/W426802, N(K)S32850/W453651, N(K)53000/W480500 

DESCRIPTION OF FACILITY 

Three carbon steel tanks, 250 ft. in diameter and 29 ft. deep. 
They have been backfilled with soil to a depth of about 4 feet. 

DATE OF OPERATIONS: 1955-1971 

DESCRIPTION OF WASTE 
. 

Retained cooling water effluent from the 105 reactor for 
radioactive decay and thermal cooling prior to release to the 
Columbia River. 80% of the total radionuclide inventory is 
contained within the soil adjacent to the basins. Approximately 
10 curies have leached into the concrete floor and walls. 

UNPLANNED RELEASE 

The basin and its approximate S foot diameter effluent line has 
developed leaks during its operating life. The leak rate from the 
butterfly valves (that went to an adjacent trench) could have 
been as high as 5,000-10,000 gallons per minute. Most of the 
basin leakage was diverted to an open canal and disposed to the 
river. 

EXTENT OF CONTAMINATION 

The extent of the contamination from these releases is well 
within the zone encompassed by the retention basin and is within 
the AC-5-40 pennanent posting. 

*** MEMO FIELD EMPTY*** 
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SITE ID NO.: 107-KW 

DIMENSIONS: ELEVATION: 480 feet 

WATERTABLE: 70 feet 

Length: 
Width: 
Depth: 29 feet 
Diameter: 250 feet 

FACILITY: Retention Basins (3) 

LOCATION: 100-K 
COORDINATES: N(K)5245/W(K)6190, N(K)5245/W(K)6460, N(K)5245/W(K)6730 

DESCRIPTION OF FACILITY 

Three carbon steel tanks, 250 ft. in diameter and 29 ft. deep. 
They have been backfilled with soil to a depth of about 4 feet. 

DATE OF OPERATIONS: 1944-1970 

DESCRIPTION OF WASTE 

Retained cooling water.effluent from the 105 reactor for 
radioactive decay and thennal cooling prior to release to the 
Columbia River. 80%· of the total radionuclide inventory is 
contained within the soil adjacent to the basins. Approximately 
10 curies have leached into the concrete floor and walls. 

UNPLANNED RELEASE 

The basin and its approximate 5 foot diameter effluent line has 
developed leaks during its operating life. The leak rate fonn 
the buttJrfly valves (that went to an adjacent trench) could have 
been as nigh as 5,000-10,000 gallons per minute. Most of the 
basin leakage was diverted to an open canal and disposed to the 
river. 

EXTENT OF CONTAMINATION 

The extent of·the contamination from these releases is well 
within the zone encompassed by the retention basin and is within 
the AC-5-40 permanent posting. 
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File Memo regarding recreational use of the 

Columbia River 
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()Banene ProjectNumber ______ _ 

Pacific Northwest Laboratories Internal Distribution 

D~te August 26, 1987 

rnss Fil es CL..t>I 
DR Sherwood j7 )/4, 

KH Cramer 
RO Stenner 
File/LB 

To 

From 

Subject Recreational Use of Hanford Reach 

The Hanford Reach of the Columbia River has many recreational uses. 
Sportsman's access for fishing and waterfowl, big game, and upland bird 
hunting is provided at several locations. Access points to the Columbia 
River along the Hanford Reach are located at the old White Bluffs Ferry 
landing, the Ringold Hatchery, and Leslie Grove Park in Richland. I have 
fished for steelhead and salmon along the Hanford Reach since 1980. 

ORS/mgs 
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Letter from RD Stenner to OM Bennett regarding 100 Area 

Ground Water Contaminant Plume, October 14, 1987 
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Osanene 
.·- . Picific Northwest L~boritories 

P.O. Boa 999 
Rict,Qnd, W~\hington U.5.A. 99352 
Te~phone (509) 

October 14, 1987 Te~x15-287• 

Mr. O. M. Bennett 
U.S. Environmental Protection Agency 
Region X 
Superfund· Program 
1200 6th Avenue 
Seattle, WA 98101 

Dear Dave: 

Enc losed 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 

ROS:th 
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100 Area Ground Water Contamination 

The ground water chromium and strontium-90 concentrations in the 100 Area are 
attributable only to the activities in the 100 Area because of the isolation 
of these areas and the fact that several years of ground water monitoring in 
the area show that any concentrations in ground water are found contained in 
close proximity to each of the individual reactor sites. Upstream samples of 
the surface water show that the contamination detected downstream are 
attributable to activity in the 100 Area. The furthest downstream location 
of contaminants from the 100 Area entering the river is at river mile 22. 
The furthest upstream entry point of the 100 Area contaminants is just above 
river mile 2, which is near the 100 8/C Area. 
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Letter from RD Stenner to OM Bennett regarding Liquid 

Waste Sites and Burning Pits, October 26, 1987 
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0Banene 
Pacific Northwesr Labora1ories 
P.O. Box 999 
Richl.nd . Washington U.S.A. 993S2 
Te lephone (509) 

October 26 I 1987 Telex 1S-287~ 

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 ~hem as 
references in the appropriate sections of the NPL packages and provide us 
with a f i nalized c~py 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 
Env i ronmental Pathways and Assessment Section 
Geosciences Department 
Earth and Environmental Sciences Center 

RDS:dar 

ENCLOSURE 

bee: KH Cramer 
MS Hanson 
DA Lamar 
RM Mangin - DOE/RL 
TJ Mclaughlin 
RG Schreckhise 
WB Schulze - DOE/RL 
DR Sherwood 
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100, 200, 300 Area Statement Regarding Liquid Wastes 

The general operating procedures for liquid waste sites in the 100, 200 and 
300 Areas were such that the waste constituents listed for each site genera 11 y 
entered the process lines and were mixed with each other prior to being disposed 
of at the site. This process mixing of these waste constituents occurred 
over the period of site operation. 
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Burning Pit Statement 

Due to the time period for which the burning pits operated, the nonhazardous 
combustible waste materials (i.e., paper products·, cans, etc.) would have 
been mixed (i.e., mixed together in the garbage truck or waste container) 
with the hazardous waste materials (i.e., paints, solvents, etc.) prior to 
the waste mixture being disposed of at the site. 
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Memo from Kathleen Galloway , MITRE, to Sandy Crystall , EPA 
December 29, 1987 
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To: 

MITRE 

Sandy Crystall, 
Acting Chief for NPL Operations, 
Environmental Protection Agency (EPA) 

Date: 29 December 1987 

From: Kathleen Galloway, Member of the Technical Staff, 
The MITRE Corporation 

Subject; The Toxicity of Uranium and Plutonium 

Copies: B. Myers, S. Parrish 

According to Sax, uranium is a highly toxic element on an acute basis 
as well as on a ratio-toxic basis. For this reason the Agency feels it is 
appropriate to assign a value of three 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 Colshirc Drive, McLean, Virginia 22102-3481 
Telephone (703) 883-6000/Telcx 248923 




