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1.0 INTRODUCTION 

This sampling and analysis plan (SAP) supports the drilling of three new groundwater 
monitoring wells for the 200-BP-5 Operable Unit (OU). The locations of the new wells are 
shown in Figure 1-1. This SAP is part of the characterization work to support the 200-BP-5 
Remedial Investigation/Feasibility Study (RI/FS). The Data Quality Objectives Summary Report 
in Support of the 200-BP-5 Groundwater Operable Unit Remedial Investigation/Feasibility 
Study Process (WMP-28945 Draft A), hereafter referred to as the DQO Summary Report, is 
currently undergoing regulatory comment resolution. When finalized, the DQO Swnmary 
Report will document the basis for characterization activities supporting the 200-BP-5 RI/FS. 

The data quality objective (DQO) process identified the drilling of fourteen groundwater 
monitoring wells to support the 200-BP-5 RI/FS effort. For planning purposes, each of the 
proposed wells was assigned an identification using the letters "A" through "M". The three 
wells associated with this SAP were identified as "F", "I", and "J". The formal assigned well 
names are 299-£33-50 (C5195), 699-48-50B (C5196), and 699-50-56 (C5197), respectively. 
The well ID beginning with "C" is the primary identifier used in the Hanford Environmental 
Information System (HEIS) database. The well ID will be the primary reference for the wells in 
this document. 

The DQO process identified the following rationale for the drilling of the three wells: 

• Well C5195 is proposed to be installed south of the present location ofwell 299-£33-12 
and will serve as a monitoring well for the confined aquifer within the Rattlesnake Ridge 
interbed. This well will establish if contamination measured in well 299-E33-l 2 is from 
an upgradient source or is traveling vertically downward through a faulty annular seal. In 
1956, the earliest recorded groundwater analytical records for well 299-£33-12 reported 
significant gross beta concentrations. Later, cobalt-60 concentrations were reported in 
this well. Although this well was sealed in the early 1980s to halt the downward 
migration of contaminated unconfined aquifer groundwater to the underlying Rattlesnake 
Ridge confined aquifer, rising concentrations of technetium-99 have recently been 
observed. 

• Well C5196 is proposed to be installed north ofwell 299-E33-26 and south of well 
699-49-55A to resolve source unit origin of observed uranium groundwater 
contamination, to provide northern definition for the uranium plume, and to provide an 
additional measure of the basalt surface. Other possible benefits from this purposed well 
include resolving possible differing uranium isotopic ratios in the deep vadose zone (past 
saturated zone), providing moisture content in various unsaturated zone sediment 
horizons, determining the concentrations of other radionuclide and chem1cal 
contaminants in the unsaturated and saturated zone, and providing additional 
characterization data to refine risk assessment modeling of future contaminant migration. 
This well can also help identify whether contaminants' movement to the north has ceased 
or whether contaminant plumes are currently migrating from the north towards the south. 

• Well C5197 is proposed to be installed between wells 699-49-55A and 699-52-57 to 
resolve technetium-99 concentrations in the plume in this area so that concentration 
isopleths can be better defined. Other possible benefits from this purposed well include 

1-1 
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providing additional control for the basalt surface, resolving possible differing uranium 
isotopic ratios in the deep vadose zone (past saturated zone), determining the 
concentrations of other radionuclide and chemical contaminants, and providing additional 
numerical results to refine statistical measurements for modeling risk of contaminant 
migration in the future. This well may also help identify the location of an erosional 
channel in the basalt that may be a conduit for potential groundwater flow to the north. 

Figure 1-1. Locations of Proposed Wells Associated with 200-BP-5 Operable Unit. 
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This SAP contains five sections: 

• Section 1.0 - Summarizes the recent data quality objectives (DQO) process output and 
the data needs. 

• Section 2.0 - Provides the quality assurance project plan. 

• Section 3.0 - Provides the field sampling plan. 

• Section 4.0- Provides the health and safety plan. 

• Section 5.0 - Provides a list of the references cited. 

1.1 DATA QUALITY OBJECTIVES 

The U.S. Environmental Protection Agency's (EPA) Guidance for the Data Quality Objectives 
Process (EPA 2000) was used to support the development of this SAP. The DQO process is 
a strategic planning approach for defining the .criteria that a data collection design should satisfy. 
The DQO process is used to ensure that the type, quantity, and quality of environmental data 
used in decision making will be appropriate for the intended application. 

This section presents only a summary of the key outputs resulting from the DQO process. 
Additional details of the DQO process will be documented in the final DQO Summary Report. 

1.1.1 Identification of Contaminants of Concern 

A list of contaminants of concern (COC) for the 200-BP-5 OU was generated by initially listing 
all of the COCs identified in the liquid effluent waste site OUs overlying the 200-BP-5 OU. 
Additional COCs were added from the 200 East Groundwater Aggregate Area Management 
Study Report (AAMSR) (DOE/RL-92-19). These reports produced the collective list of 
contaminants of potential concern (COPC) for the 200-BP-5 OU. Because part of the scope of 
the 200-BP-5 OU is to investigate the extent of contamination in the lower vadose zone, the 
DQO evaluated COPCs for the deep vadose zone and groundwater. The following sections 
describe the development, exclusion, and retention of COC for the groundwater. The vadose 
zone COCs are not included in this SAP for wells CS 196 and CS 197 because characterization 
associated with these wells is limited to far field sediments impacted by historical groundwater. 
For well C5195, unsaturated sediment samples will be collected above the historical high water 
mark, however, the samples will only be analyzed for groundwater COCs and associated 
physical and geochemical properties. The rationale for limiting the analyte list to groundwater 
COCs for well CS 195 is based on location and process knowledge of source units in the area 
(e.g., 216-B-8 and BY Cribs). 

1.1.2 Total List of Contaminants of Potential Concern for the Vadose Zone 
and Groundwater 

Table 1-1 identifies all of the COPCs for groundwater in the 200-BP-5 OU based on the COCs 
identified in the liquid effluent waste site OU overlying the 200-BP-5 OU and groundwater 
monitoring information. References used to identify these COPCs include the following: 

• DOE/RL-92-19, Rev. 0, 200 East Groundwater Aggregate Area Management Study 
Report 
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• DOE/RL-92-70, Rev. 0, Phase I Remedial Investigation Report for 200-BP-l Operable 
Unit 

• DOE/RL-99-44, Rev. 0, 200-CS-J Operable Unit Rl/FS Work Plan and RCRS TSD Unit 
Sampling Plan 

• DOE/RL-99-07, Rev. 0, 200-CW-J Operable Unit RIIFS Work Plan and 216-B-3 RCRA 
TSD Unit Sampling Plan 

• DOE/RL-2000-38, Rev. 0, 200-TW-l Scavenged Waste Group Operable Unit and 
200-TW-2 Tank Waste Group Operable Unit RIIFS 

• DOE/RL-2000-60, Rev. 0, 200-PW-2 Uranium Rich Process Waste Group Operable Unit 
RIIFS Work Plan and Process Waste RCRA TSD Unit Sampling Plan 

• DOE/RL-2001-65, Rev. 0, 200-MW-l Miscellaneous Waste Group Operable Unit RIIFS 
Work Plan 

• DOE/RL-2001-66, Rev. 0, Chemical Laboratory Waste Group Operable Unit RIIFS 
Work Plan. 

Table 1-1. Contaminants of Potential Concern. (2 sheets) 

Radioactilfe COPCs 

Ac-225 Cl-36 Pu-240 Sm-151 
Ac-227 Co-60 Pu-241 Se-79 
Am-241 Cm-244 Po-2IO Sr-90 
Am-242 Cm-245 Po-214 Tc-99 
Am-242m Eu-152 Po-215 Tl-207 
Am-243 Eu-154 Po-218 Th-227 
Sb-125 Eu-155 K-40 Th-229 
Sb-126 Fr-221 Pm-147 Th-230 
Sb-126m Fr-223 Pa-231 Th-231 
Ba-137m (-129 Pa-234 Th-232 
Be-7 Pb-209 Pa-234m Th-234 
Bi-210 Pb-210 Ra-223 Tritium (H-3) 
Bi-211 Pb-211 Ra-224 U-233 
Bi-212 Pb-212 Ra-225 U-234 
Bi-213 Pb-214 Ra-226 U-235 
Bi-214 Nb-93m Ra-228 U-236 
C-14 Np-237 Rn-220 U-238 
Ce-144 Np-239 Rh-l06 Y-90 
Cs-134 Ni-63 Ru-106 Zn-65 
Cs-135 Pu-238 Zr-93 
Cs-137 Pu-239 Zr-95 

MetalCOPCs 

Aluminum Calcium Lead Selenium 
Antimony Chromium (total) Lithium Silver 
Arsenic Chromium (VI) Magnesium Strontium 
Barium Cobalt Manganese Thallium 
Beryllium Copper Mercury Titanium 
Bismuth Ferrocyanide Nickel Uranium (total) 
Boron Iron Phosphorous Vanadium 
Cadmium Lanthanum Potassium Zinc 

1-4 
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Table 1-1. Contaminants of Potential Concern. (2 sheets) 

Non-Metal COPCs 

Ammonia/ammonium Cyanide Nitrate Silicon 
Ammonium carbonate Ferrocyanide Nitric acid Sodium dichromate 
Bromide Fluoride Nitrite Sulfate 
Chloride Hydrofluoric acid Phosphate Sulfide 

Volatile Organie Analyu COPCs 

Acetone Chlorobenzene Diethyl ether Styrene 
Benzene Chloroform Ethanol Toluene 
1-butanol (butyl cis-1,2-dichloroethene Ethylbenzene Trans-1,2-dichloroethene 
alcohol) Cyclohexanone Ethylene glycol 1, 1, I-trichloroethane 
2-butanone (MEK) Decane Halogenated hydrocarbons 1, 1,2-trichloroethane 
Butylated hydroxyl Dichloromethane 4-methyl-2-pentanone Trichloroethene 
toluene (methylene chloride) (MIBK) Trichloromonofluoromethane 
Carbon tetrachloride l, 1-dichloroethane n-butyl benzene Tetrachloroethene 

1,2-dichloroethane Xylene 

Semi-Volatile Organic Analyte COPCs 

Aldrin 4-chloro-3-methylphenol 2,4-dinitrophenol 2-nitrophenol 
Aroclor 1260 2-chlorophenol 2,4-dinitrotoluene Pentachlorophenol 
Benzo( a)anthracene DDD Endrin Phenol 
Benzo( a)pyrene DDT Edrine aldehyde Phorate 
Benzo(b )fluoranthene Dibenz( a,h)anthracene Ethyl cyanide Pyrene 
Gamma-BHC Dibutylphosphate heptachlor 2,3 ,4,6-tetrachlorophenol 
Bis(2- 2-4-dichlorophenol Hydrazine Total petroleum 
ethylhexyl)phthalate Dieldrin indeno( 1,2,3-cd)pyrene hydrocarbons 
Butyl phosphate Dimethoate 4-methylphenol Tributyl phosphate 
Chrysene 2,4- dimethylphenol 3-methylphenol 

Napthalene 

Notes: 
COPC = contaminant of potential concern 

1.1.3 Contaminants of Potential Concern Exclusions for Groundwater 

Table 1-2 lists all the saturated zone COPCs to be excluded from the investigations and the 
rationale for exclusion. This exclusion process was a tiered approach pertaining to the 200-BP-5 
OU. This approach is discussed in detail in Appendix A. The approach included all 
contaminants identified from various waste sites and underground tanks overlying the 200-BP-5 
OU. Additional consideration was given to waste site source RI characterization results, 
modeling completed for waste site sources using RI characterization results, and derived 
distribution coefficient values. Although many of these contaminants were not determined ( e.g. 
through draft remedial investigation (RI) and feasibility study (FS) reports) to impact 
groundwater now or in the future, none of the contaminants were excluded without review of 
available groundwater data as shown in Appendix A. Based on review of this data, comparisons 
between analytical results and compliance standards, determinations were made for COPC 
exclusions. The results of this approach are also summarized in Table 1-2. A further expansion 
of the compiled date is provided in tables generated for each category of constituents also in 
Appendix A. 

1-5 
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Table 1-2. Contaminants of Potential Concern Exclusions 
and Justifications for Groundwater. (4 sheets) 

COPCs Rationale for Exclusion 

Radionuclides 

Association with Am-241 and U-233. These constituents are decay 
products ofCf-249 decay series. Based on secular equilibrium all 
constituents below U-233 in the decay series would not have significant 

Ac-225, Bi-2 13, Fr-221 , Pb-209, Ra-225 in growth for thousands of years. Also based on ORIGIN2 calculations 

and Th-229 
none of the constituents made the top 60 actinide product inventories 
from the reactor generated uranium fuel. Thus these constituents 
would be more than 10 orders of magnitude less than Arn-24 1. 
Associated concentrations are significantly below action levels. See 
Appendix A for further comparison information for each constituent. 

By association with Pu-238. Arn-242 and Am-242m are associated 
with the Arn-242m decay series. The decay series starts with Am-
242m decaying by alpha emission to Np-238 which loses a beta particle 

Am-242 & Am-242m 
being reduced to Pu-238. According to ORIGIN2 the values Am-242 
and Am-242m have 2.5 orders of magnitude less inventory than Pu-238 
ten and fifty years after discharge. Am-242 and Am-242m have four 
orders less inventory 50 years after discharge. See Appendix A for 
further comparison information for each constituent. 

By length of decay rate for Cm-247 (16 million years) and Bk-247 
(1400 years). Am-243 is associated with the Cf-251 and Bk-247 decay 
series. Based on the decay rate ofCm-247 and Bk-247 there would not 
be significant decay in growth for hundreds of years. In addition, in 

Am-243 inventory comparisons based on ORIGIN2 Am-243 has nearly four 
orders of magnitude less inventory than Am-241 ten years after 
discharge. Am-243 has four orders less inventory 50 years after 
discharge. See Appendix A for further comparison information for 
each constituent. 

Eu-152 
No detected values reported. See Appendix A for further comparison 
information for each constituent. 

Eu-154 
All detected values reported were before 1992. Since 1992 all 431 
results have been non-detect. 

Eu-155 
All detected values reported were before 1992. Since 1992 all 405 
results have been non-detect. 

Association with Pu-239 and U-235 . These constituents are decay 
product of the natural U-235 decay series as well as the Cf-251, Bk-
247, and Cm-243 decay series. Based on secular equilibrium all 

Ac-227, Bi-211, Fr-223, Pb-211, Po-
constituents below Pa-231 in the decay series would not have 

215, Ra-223 , Tl-207 and Th-227. 
significant in growth for thousands of years. According to ORIGIN2 
calculations these constituents would range between 3.5 to 5 order of 
magnitude less inventory than U-235. Associated concentrations are 
significantly below action levels. See Appendix A for further 
comparison information for each constituent. 

1-6 
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Table 1-2. Contaminants of Potential Concern Exclusions 
and Justifications for Groundwater. (4 sheets) 

COPCs 

Bia2 l0, Bi-214, Pb-210, Pb-214, Po-
210, Po-214, Po-218, Ra-226, and Th-
230. 

Bi-212, Pb-212, Ra-224, Ra-228 and 
Rn-222. 

Cm-244 

Cm-245 

Ru-106 

Rh-106 

Rationale for Exclusion 

By association with U-238. These constituents are decay products of 
natural U-238 decay series and Cm-250, Bk-250 and Cf-250 decay 
series. Based on secular equilibrium all constituents below U-234 in 
the decay series would not have significant in growth for approximately 
I million years. According to ORIGIN2 calculations these constituents 
have approximately 5 orders of magnitude less inventory than U-238. 
Associated concentrations are significantly below action levels. See 
Appendix A for further comparison information for each constituent. 

By association with U-236 and Th-232. These constituents are decay 
products of natural Th-232 decay series and the Cm-244 and Cm-248 
decay series. Based on secular equilibrium all constituents below Th-
232 in the decay series would not have significant in growth for at least 
a million years. According to ORIGIN2 calculations these constituents 
have approximately 2 orders of magnitude less inventory than U-238. 
Associated concentrations are significantly below action levels. See 
Appendix A for further comparison information for each constituent. 

No detected values reported. Cm-244 is the initial radionuclide in the 
Cm-244 decay series. Main parent for Pu-240. Cm-244 has an 18 year 
half life. Not considered to have significant inventory based on 
ORIGIN2 calculations and relationship with Pu-240. Inventory 
concentrations are 1.5 orders of magnitude (20X) less at 10 years and 
2.5 orders of magnitude less at 50 years. See Appendix A for further 
comparison information for each constituent. 

Cm-245 is a decay product ofCf-249 in the Cf-249 decay series. Not 
considered to have significant inventory based on ORIGIN2 
calculations and relationship with Am-241. Inventory concentrations 
are 5.5 orders of magnitude less at l O years and 6 orders of magnitude 
less at 50 years. See Appendix A for further comparison information 
for each constituent. 

Since 1995 269 of the 270 results have been non-detect. The only 
detectable value reported was 17. l pCi/L, which is below derived 4 
mrem regulatory dose standard. Based on this information 
concentrations appear to have decayed to insignificant values. Not a 
daughter product of the uranium decay chain. See Appendix A for 
further comparison information. 

By association with Ru-106 (e.g. Halflife < 3 years). Not a daughter 
product of uranium decay chain. Associated concentrations are 
significantly below action levels. See Appendix A for further 
comparison information for each constituent. 
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Table 1-2. Contaminants of Potential Concern Exclusions 
and Justifications for Groundwater. (4 sheets) 

COPCs Rationale for Eiclusion 

By association with U-235. Pa-231 is associated with the U-235 
natural decay series as well as the Cf-251, Bk-247, and Cm-243 decay 
series. According to ORIGIN2 derived inventory values Pa-231 is 3 

Pa-231 orders of magnitude less than U-235 50 years after being removed from 
the reactor. Pa-231 is 5 orders of magnitude less than Am-241. 
Associated concentrations are significantly below action levels. See 
Appendix A for further comparison information for each constituent. 

By association with U-238 and Pa-234m. Pa-234 is associated with the 
U-238 natural decay series and Cm-250, Bk-250 and Cf-250 decay 
series. Based on decay rates Pa-234 is generated by less than 1 % of the 

Pa-234 Pa-234m decay. According to ORIGIN2 derived inventory, Pa-234 
values are approximately 3 orders of magnitude less than U-238 50 
years after removal from the reactor. Associated concentrations are 
significantly below action levels. See Appendix A for further 
comparison information for each constituent. 

All of these constituents have no current analytical method or were not 
analyzed and where therefore evaluated by association with Cs-137 
through the ORIGIN2 inventory calculations. These constituents were 

Be-7, Ce-144, Cs-134, Cs-135, Cl-36, 
also evaluated based on Cs-13 7 reported concentrations for 57 selected 

Ni-63, Nb-93m, Pm-147, Sm-151 , Se-
wells within the 200-BP-5 OU. Based on ORIGIN2 values derived for 

79, and Zr-93. 
Cs-137 and Cs-137 groundwater sample results these constituents 
ranged from 2 to more than 13 orders of magnitude less than any value 
reported for Cs-13 7. Associated concentrations are significantly below 
action levels. See Appendix A for further comparison information for 
each constituent. 

No detected values reported above derived regulatory limits. All 
concentrations were significantly less than standards. According to 
ORIGIN2 values Sb-125 inventory drops 5 orders of magnitude from 

Sb-125 
10 years to 50 years after production. This constituent is representative 
of Sb-126 and Sb-126m due to higher initial inventory (5 orders of 
magnitude> inventory than Sb-126 and Sb-126m after IO years 
removal from reactor). It also has the same mobility and that it is 
within an order of magnitude 50 years after removal from reactor. 

Sb-126 and Sb-l26m By association with Sb-125 (see above). 

Naturally occurring isotope of potassium and generally consistent or 
K-40 below background concentrations. See Appendix A for further 

comparison information for each constituent. 

Zn-65 
No detected values reported above derived regulatory standards. See 
Appendix A for further comparison information for each constituent. 

Zr-95 
All values reported as non-detect. See Appendix A for further 
comparison information for each constituent. 

Metals 
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Table 1-2. Contaminants of Potential Concern Exclusions 
and Justifications for Groundwater. (4 sheets) 

COPCs Rationale for Exclusion 

Barium, beryllium, boron, cobalt, 
copper, lithium, nickel, potassium, No detected values reports above regulatory limits. See Appendix A 
silver, strontium, titanium, vanadium, for further comparison information for each constituent. 
and zinc. 

Lead, manganese, mercury and No detected values reported above regulatory limits in the past 10 

selenium. years. Most of the reported values were flagged. See Appendix A for 
further comparison information for each constituent. 

No regulatory requirements. No groundwater data. Mostly insoluble 
with a high sorption capacity. Only very slightly soluble as a mono 

Bismuth sulfide and citrate. Bismuth subnitrate, subcarbonate and subsalicylate 
are used in medicine. Recommended Dietary Allowance / Intake 
(RDA I RDI) 2mcg - 30mcg. Therapeutic Range 50mcg - 525mg+. 

No regulatory requirements. Supplement of 500 mg/day and more, 
depending on age, are recommended for today's diet. Several wells 

Calcium with concentrations over 2 time's background. Elevated concentrations 
reported mainly in wells 299-£33-3, E33-7, E33-9 and E34-7, beneath 
the By cribs and the 216-E- l 2 burial ground. Also reported values are 
trending up at C Farm, 299-E27-14. Calcium is required for the body. 

No regulatory requirements. No groundwater data. Lanthanum has 
various soluble compounds in cold water. Most likely compounds for 

Lanthanum associated Hanford waste would be Lanthanum chloride, chloride 
heptahydrate and nitrate. Lanthanum chloride is used for treatment of 
phosphate in swimming pool. Lanthanum is not absorbed orally. 
Lanthanum is also taken orally for digestive problems. 

No regulatory requirements. Magnesium is required for the body and 

Magnesium supplements of 350 mg/day for various reasons are often recommended 
for today's diets. Significantly exceeds background at 299-E34-7. 
Exceeds background at BY cribs and BY Tank Farm. 

Phosphorous Evaluated through phosphate a degradation product of phosphorous. 

Ferrocyanide Included with cyanide. 

Non-Mt!tahl 

Sulfide All values reported as non-detect. Not stable in site groundwater. See 
Appendix A for further comparison information for each constituent. 

Bromide, fluoride, phosphate and silicon 
Consistent with background groundwater levels. See Appendix A for 
further comparison information for each constituent. 

Ammonium carbonate Included with ammonium 

Hydrofluoric acid Included with fluoride. 

Sodium dichromate Included with hexavalent chromium. 
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Table 1-2. Contaminants of Potential Concern Exclusions 
and Justifications for Groundwater. (4 sheets) 

COPCs Rationale for Exclusion 

VOAs 

Acetone, 2-butanone, carbon 
No detected values reported above regulatory limits. See Appendix A 

tetrachloride, chloroform, diethyl ether, 
ethylbenzene, and toluene. for further comparison information for each constituent. 

Benzene, 1-butanol, chlorobenzene, cis-
1,2-dichloroethylene, decane, 1, I-
dichloroethane, 1,2-dichloroethane, 

All values reported as non-detect. See Appendix A for further 
ethanol, styrene, tetrachloroethene, 
TPH-kerosene, trans-1,2-

comparison information for each constituent. 

dichloroethylene, 1, l ,2-trichloroethane, 
trichloromonofluoromethane and xylene. 

n-butyl benzene 
No regulatory requirements. By association with benzene and 
chlorobenzene. 

Butylated hydroxyl toluene No regulatory requirements. By association with toluene and TPH-
kerosene. 

Cyclohexanone 
By association with acetone, 2-butanone, 4-methyl 2 pentanol, and 
TPH-kerosene. 

Halogenated hydrocarbons By association with trichloroethene and tetrachloroethne. 

SVOA.s 

Aldrin, aroclor-1260, 
benzo( a )anthracene, benzo( a)pyrene, 
benzo(b)fluoranthene, chrysene, 4,4'-
ODD, 4,4 ' DDT, dibenz[a,h]anthracene, 
2,4-dichlorophenol, dieldrin, 
dimethoate, 2,4-dimethylphenol, 2,4-

All values reported as non-detect. See Appendix A for further dinitrotoluene, endrin, ethyl cyanide, 
ethylene glycol, heptachlor, hydrazine, 

comparison information for each constituent. 

indeno(l,2,3-cd)pyrene, lindane, 3-
methylphenol, 4-methylphenol, 
naphthalene, 2-nitrophenol, phorate, 
pyrene, 2,3,4,6-tetrachlorophenol, and 
tributyl phosphate. 

3-chloro 4-methylphenol, 2-
No detected values reported above regulatory limits. See Appendix A 

chlorophenol, 2,4-dinitrophenol, endrin 
aldehyde, and phenol 

for further comparison information for each constituent. 

Bulylated phosphate and dibutyl No regulatory requirements. By association with tributyl phosphate 
phosphate. and TPH-kerosene. 

Notes: 
Complete reference information provided in Section 5.0 of this document. 
COPC = contaminant of potential concern 
K.i = distribution coefficient 
SVOA= semi-volatile organic analyte 
VOA = volatile organic analyte 
WAC = Washington Administration Code 
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1.1.4 Contaminants of Potential Concern to be Determined by Calculation for 
Groundwater 

Table 1-3 lists all of the groundwater contaminants that are to be determined by calculation and 
the rationale for the calculation. 

Table 1-3. Contaminants of Potential Concern to be Determined 
by Calculation for Groundwater. 

COPCs Rationale for Determination by Calculation 

Rlllllonuclidn 

Ba-137m Calculation based on Cs-137 concentration (See Appendix A). 

Pu-241 Calculation based on Am-241 concentrations (See Appendix A). 

Pa-234m Calculation based on U-238 concentrations (See Appendix A). 

Th-231 Calculation based on U-235 concentrations (See Appendix A). 

Y-90 Calculation based on Sr-90 concentrations (See Appendix A). 

U-236 Calculation based on Th-232 concentrations (See Appendix A). 
Notes: 
COPC = contaminant of potential concern 

1.1.5 Final List of Contaminant of Potential Concern for Groundwater 

Table 1-4 presents the final list of COPC that will be carried through the remainder of the DQO 
process for groundwater and saturated sediment Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980 (CERCLA) investigations at the 200-BP-5 OU. 
Additional parameters that should be monitored as indicators of contamination include pH 
(maximum contaminant level [MCL] = >8.5 or <4}, gross alpha (MCL = 15 pCi/L), and gross 
beta (MCL = 50 pCi/L). 

The primary areas of interest are marked by a superscript for the COPC identified below and 
noted below the table. These areas are where wells were reported with elevated concentrations 
for the identified COPC. 

Table 1-4. Contaminants of Potential Concern for Groundwater. (2 sheets) 

Radionuclide COPCs 
Am-241 8 Np-237 Th-234• U-235 
C-14 Pu-238 U-233 U-238 
Co-60 Th-232 • U-234 

MetalCOPCs 
Aluminum Cadmium b Chromium (hexavalent) b Sodium b 

Antimony< Chromiumb Iron be Thallium 
Arsenic d 

Non-Metal COPCs 
Ammonium• Chloride b Nitrite b 

Volatile Organic Analyte COPCs 
Chloroform Methylene chloride 4-methyl 2-pentanone I , 1, I-trichloroethane• c 

Trichloroethene a&c 
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Table 1-4. Contaminants of Potential Concern for Groundwater. (2 sheets) 

Semi-Volatile Organic Analyte COPCs 
Bis 2-eth lhexyl)phthalate Pentachloro henol 
Notes: 

• 216-B-5 reverse well only. 
bB/BX/BYWMA 
c 218-E-10 and 218-E- 12 burial grounds 
d 216-B-63 trench 
c 216-B-62 crib and 2 I 8-E-10 burial ground 
COPC = contaminant of potential concern 

1.1.6 Final List of Contaminants of Concern for Groundwater 

Table 1-5 presents the final list of COCs that will be carried through the remainder of the DQO 
process for groundwater and saturated sediment Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980 (CERCLA) investigations at the 200-BP-5 OU. 

The primary areas of interest are marked by a superscript for the COC identified below and noted 
below the table. These areas are where wells were reported with elevated concentrations for the 
identified COC. Those COC not marked (e.g. 1-129 and nitrate) have plumes distributed 
throughout the 200-BP-5 OU. 

Table 1-5. Contaminants of Concern for Groundwater. 

Radionuclide COCs 
Cs-137 • I Pu-239" 
I-129 Pu-240" 

MetalCOCs 
Uranium (total) b I 
Non-Metal COCs 
Cyanide bf I 
Volatile Organic Analyte COCs 

I 
Semi-Volatile Organic Analyte COCs 

Notes: 
• 216-B-5 reverse well only. 
b B/BX/BY WMA 

I 

c 218-E-10 and 218-E-12 burial grounds 
fCWMA 
COC = contaminant of concern 

1.1. 7 Statement of the Problem 

I Sr-90 • 
Tc-99 bf 

I H-3 (tritium) be 

I I 

I Nitrate I Sulfate be 

I I 

I I 

Three problems identified in the DQO process are addressed in this SAP. The first problem is 
defining uranium and technetium groundwater concentrations north of the 200 East Area. The 
second problem is refining the relationship between groundwater in the unconfined aquifer and 
the basalt surface north of the 200 East Area. The third problem is whether well 299-E33-12 
continues to be the source of vertical migration of contaminated unconfined aquifer groundwater 
to the underlying confined aquifer. Data collected during drilling and after construction of the 
three proposed wells are designed to address these problems. Additionally, the data will either 
confirm or reject whether conceptual site models are accurate. 
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1.1.8 Decision Statements and Decision Rules 

The decision statements (OS) consolidate potential questions and alternative actions. Decision 
rules (DR) are generated from the DSs. A DR is an "IF .. . THEN ... " statement that incorporates 
the parameter of interest, unit of decision making, action level, and action(s) that would result 
from resolution of the decision. The DSs and DRs were developed by the DQO participants to 
address dataneeds associated with the overall 200-BP-5 OU. Tables 1-6 and 1-7 present 
selected DSs and DRs identified in the DQO process that are specifically addressed by the 
installation of the three wells described in this SAP. 

Table 1-6. Applicable Decision Statements from DQO Process. 

DS# Decision Statement 

4 
Determine whether groundwater modeling input parameters are sufficiently well known to allow modeling 
of future movement of COCs in the unconfined aquifer, or if additional data are needed. 

5 
Determine whether sufficient data are available to determine the horizontal and vertical distribution of 
COCs in the unconfined aquifer, or if additional data are needed. 

6 
Determine whether sufficient data are available to allow adequate characterization of the upper confined 
aquifer. 

Determine whether the COCs currently measured in the groundwater, or expected to reach the groundwater 
7 in the next 1,000 years, exceed applicable risk levels at defined boundaries and therefore require 

monitoring and/or remediation, or if only long-term monitoring is required. 

Determine whether sufficient geological and geochemical data are available to develop an acceptable 
8 model for predicting future migration of uranium and Tc-99 to groundwater, or if additional data are 

needed. 

Notes: 
COC = contaminant of concern 
DQO = data quality objective 
OS = decision statement 

1-13 



-I -~ 

DR 
# 

4 

5 

6 

7 

Population 
Parameter 

IF saturated 
zone model 
input 
parameters 

IF the 
horizontal and 
vertical 
distribution of 
COCs in the 
unconfined 
aquifer 

IF the 
concentration 
of COCs in the 
upper confined 
aquifer and 
hydrological 
characteristics 
of the confined 
aquifer 

IFtheCOC 
risk level in 
groundwater 
over the next 
1,000 years 

Table 1-7. Applicable Decision Rules from DQO Process. (2 sheets) 

Variable Unit or Scale Sample of Decision Relationship Action 
AA#l Statistic Attribute I Unit of Level 

Measure Making 

for the 
saturated 

based on 
sediments and 

professional 
as estimated by 

of data reported in groundwater are 
judgment of 

THEN 
representative 

appropriate units 
within the adequately 

DOE, regulatory, 
gather no 

values geographic known 
and contractor 

more data 
boundaries 
over the next 

staff 

2 years 

as estimated by 
in the 
groundwater are 

spatially 
measured in pCi/L or within the adequately 

the action levels 
THEN 

defined 
µg/L or other geographic known in 

presented in 
gather no 

analytical 
appropriate units boundaries comparison 

Table 3-3 of 
more data 

groundwater 
over the next to 

DQO 
results 

2 years 

based on 
as defined by 

in the 
professional 

confined are THEN 
representative measured in 

aquifer over adequately 
judgment of 

gather no 
analytical or appropriate units DOE, regulatory, 
test data 

the next known 
and contractor 

more data 
2 years 

staff 

as estimated by 
for the 
groundwater the action levels 

measurement THEN 
or modeling of the COCs in pCi/L 

within the to be defined in 
monitor 

geographic is> the feasibility 
and approved or µg/L 

boundaries study and the 
and/or 

risk assessment 
over the next ROD 

remediate 
procedure 

1,000 years 

Relationship AA#2 

gather more 
otherwise 

data. 

otherwise 
gather more 
data. 

otherwise 
gather more 
data. 

conduct 
only long-

otherwise 
term 
monitoring. 

0 
0 

~ r 
I 

N 
0 
0 

°' I 
Vl 
Vl 
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Table 1-7. Applicable Decision Rules from DQO Process. (2 sheets) 

Variable 
DR Population Sample 
# Parameter Statistic Attribute I Unit of 

Measure 

IF the 
concentration 
and 
distribution of 
uranium and as estimated by 
technetium in spatially 

measured in pCi/g or 
8 

the vadose defined vadose 
zone and zone results 
associated 
geological and 
geochemical 
data 

Notes: 
AA = action level 
COC = contaminant of concern 
COPC = contaminant of potential concern 
DOE = U.S. Department ofEnergy 
DR = decision rule 
OU = operable unit 
ROD = Record of Decision 

µg/kg or other 
appropriate units 

Unit or Scale 
of Decision Action Relationship Level AA#l 

Making 

To develop a 
geological and 

for the vadose geochemical 
zone within model that 
the 

is adequately 
adequately THEN 

geographic 
known 

predicts uranium gather no 
boundaries and technetium more data 
over the next transport through 
2 years the vadose zone 

and impact to 
groundwater 

Relatiooship AAt#2 

gather more 
otherwise 

data. 

0 
0 

~ 
I 

N 

8 
°' I 
V'I 
Vl 
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1.2 SUMMARY OF DAT A QUALITY OBJECTIVE RESULTS 
(SAMPLING DESIGN) 

This section presents a summary of the applicable data that were identified to address the 
decisions identified in the DQO process and in Table 1-5 above. The data will be gathered 
during drilling and after construction of the three proposed groundwater monitoring wells 
associated with this SAP. Table 1-8 summarizes the characterization work to be performed to 
address the DSs and the potential outcome resulting from the data. 

The scope of activities described in this Sampling Design involves the drilling and construction 
of three groundwater monitoring wells located within and north of the 200 East Area 
(Figure 1-1). Split-spoon samples of the saturated sediments will be collected and analyzed for 
radiological and chemical COCs and select physical and hydraulic properties. Groundwater 
samples collected during drilling and after installation of the permanent pump will be analyzed 
for radiological and chemical COCs and other select parameters ( e.g., major cations, anions, and 
pH) . Boreholes will be logged using geophysical methods to obtain additional information on 
the geologic strata and distribution of naturally occurring and man-made gamma-emitting 
radionuclides (if present). 

Table 1-9 identifies the preliminary groundwater action levels for each of the CO PCs. 
Table 1-10 identifies the preliminary groundwater action levels for each of the COCs. At this 
point in the 200-BP-5 investigation, the preliminary action levels are used as reference 
concentrations for evaluating whether further characterization is warranted. The final regulatory 
action levels used for evaluating cleanup alternatives for the 200-BP-5 OU will be established in 
the FS and interim and/or final Record of Decision. Table 1-11 provides a combination of the 
COPCs and COCs groundwater radiological analytical performance requirements. Table 1-12 
presents a combination of the CO PCs and COCs groundwater nonradiological analytical 
performance requirements. 

Table 1-13 presents physical, hydrologic and geochemical data that will be collected from 
selected unsaturated and saturated sediments at several intervals from selected wells. This 
information will improve the site-specific data base needed for predictive modeling of 
contaminant transport and remediation and ultimately will support identification and selection of 
groundwater remediation alternatives for the 200-BP-5 OU. The properties identified can be 
placed into the following categories: 

• Physical properties ( e.g., particle size determination and calcium carbonate content) 

• Hydraulic and transport properties (e.g., bulk density, hydraulic conductivity and total 
porosity) 

• Geochemical properties (e.g., cation exchange capacity and distribution coefficient). 

Table 1-14 provides a combination of the CO PCs and COCs sediment radiological analytical 
performance requirements. Table 1-15 presents a combination of the COPCs and COCs 
sediment nonradiological analytical performance requirements. 
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Table 1-8. Major Sampling Activities and Relationship to DQO Decisions. 

Applicable 
DQO 
DS#s/ Major Activity 

DR#s 

Drill and construct proposed groundwater 
monitoring wells CS 196 and CS 197 north of the 
200 East Area (Figure 1-1 ). 

Depth to water is anticipated at approximately 
45.9 m (151 ft) bgs at well C5196 and 62.9 m (206 

4, 5, 7, 8/ ft) bgs at well CS 197. Aquifer thickness is 
4, 5, 1, 8 anticipated to be approximately 1.9 to 3.7 m (6 to 

12 ft); wells will be screened across the total 
thicknesss of the saturated interval. 

The sample design for wells CS I 96 and C5197 are 
summarized in Tables 3-2, 3-3 and 3-4 and 
graphically depicted in Figure 3-2. 

Drill and construct proposed groundwater 
monitoring well CS 195 southwest of well 299-
E33-12 (Figure 1-1). 

Based on drilling logs from well 299-E33- I 2, the 
depth to the top of the Rattlesnake Ridge interbed 
is anticipated at approximately 95 m (310 ft) bgs, 
and the interbed aquifer thickness is anticipated to 
be approximately 18.3 m (60 ft) ; the well screen 

6/6 
interval will be based on results of the depth-
discrete groundwater samples (e.g., gross beta). 
The sample design for wells CS 195 is summarized 
in Tables 3-1 and 3-4 and graphically depicted in 
Figure 3-1. 

Notes: 
bgs = below ground surface 
DQO = data quality objective 
DR = decision rule 
OS = decision statement 
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Intended Purpose of 
Potential Outcome of 

Wells and Associated 
Data 

Data Collection 

Determine the Refine current conceptual 
concentrations of uranium model(s) for uranium and Tc-
and technetium-99 in 99 plumes and basalt surface. 
groundwater to the north 
of the 200 East Area to 
refine the known uranium 
and Tc-99plumes. 

Determine the depth to 
basalt in data gap areas 
north of the 200 East 
Area. 

The well will serve as a If the concentrations of 
monitoring well for the technetium-99 are less than 
Rattlesnake Ridge the concentrations in well 
interbed confined aquifer. 299-E33-12, then evaluate 

Groundwater data will be decommissioning well 299-

collected to establish if E33-12. 

contamination measured lfTc-99 exceed the 
in sealed well 299-E33-12 concentrations in well 299-
is from an alternate E33-12 then re-evaluate the 
upgradient source. upgradient area to determine 

the source of the rising Tc-99 
concentrations in well 299-
E33-12. 

Update the conceptual site 
model if measured Tc-99 
concentrations in the confined 
aquifer are different than 
current model assumptions. 
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Table 1-9. Preliminary Action Levels for Groundwater Contaminants of Potential 
Concern. (2 sheets) 

Contaminant Preliminary Action Level Basis for Setting Action Level 

Radiological 

Am-241 15 pCi/L NPDWS 

Ba-137 5,160 pCi/L 4-mrem/yr dose standarda 

C-14 2,000 pCi/L 4-mrem/yr dose standarda 

Co-60 100 pCi/L 4-mrem/yr dose standarda 

Np-237 15 pCi/L NPDWS 

Pa-234m 2536 pCi/L 4-mrem/yr dose standarda 

Pu-238 15 pCi/L NPDWS 

Pu-241 80 pCi/L 4-mrem/yr dose standarda 

Th-231 4,057 pCi/L 4-mrem/yr dose standarda 

Th-232 15 pCi/L NPDWS 

Th-234 401 pCi/L 4-mrem/yr dose standard8 

Uranium (isotopic) 20 pCi/L 4-mrem/yr dose standard8 

Y-90 510 pCi/Ld 4-mrem/yr dose standard8 

Metals 

Aluminum 50-200 µg/L NSDWS 

Antimony 6 µg/L NPDWS 

Arsenic 11.8 µg/L DOEJRL-96-61 

Cadmium 5 µg/L NPDWS 

Chromium (total) 100 µg/L NPDWS 

Chromium 
48 µg/L CLARC3.lb 

(hexavalent) 

Iron 1104 µg/L DOEJRL-96-61 

250,000 µg/L0 
h~://en. wiki~dia.orgLwiki/brackish water 

Sodium 
htm://en. wiki~dia.orglwiki/seawater 

Thallium 1.87 µg/L DOFJRL-96-61 

Non-Metals 

Chloride 250,000 µg/L NSDWS 
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Table 1-9. Preliminary Action Levels for Groundwater Contaminants of Potential 
Concern. (2 sheets) 

Contaminant Preliminary Action Level Basis for Setting Action Level 

Nitrite (nitrogen) 1000 µg/L NPDWS 

Volatile Organics COCs 

Chloroform 7.17 µg/L CLARC 3. lb 

4-methyl 2-
640 µg/L CLARC3. lb 

pentanone 

Methylene Chloride 5 µg/L NPDWS 

Trichloroethene 3.98 µg/L0 CLARC 3.lb 

Semi-Voladle Organics 

Bis(2-
6.25 µg/L CLARC 3. lb 

ethylhexyl)phthalate 

Pentacblorophenol 2 µg/L0 Practical Quantitation Limit 

Notes: 
Complete reference information provided in Section 5.0 of this document. 
•These values taken from Hanford Site Groundwater Monitoring/or Fiscal Year 2005 (PNNL-15670). These EPA 
drinking water standards for radionucldes were derived based on 4-mrem/yr dose standard using maximum 
permissible concentrations in water specified in National Bureau of Standards Handbook 69 (U.S. Department of 
Commerce, as amended August 1963). 
b CLARC 3.1 refers to Cleanup Levels and Risk Calculations Under the Model Toxics Control Act Cleanup 
Regulation (CLARC Ill) (Ecology 2001). 
c The prnctical quantitation limit is greater than the Model Toxics Control Act Method B derived limit of 
0. 729 µg/L using CLARC 3.1. 
d Calculated value based EPA, 1998, Limiting Values of Radionuclide Intake and Air Concentration and Dose 
Conversion Factors/or Inhalation, Submersion, and Ingestion, Federal Guidance Report No. 11, EPA-
5201/1-88-020, U.S. Environmental Protection Agency, Washington, D.C. 
c_ Calculated based on the percentage of sodium in seawater in accordance with 
http://en.wik.ipedia.org/wiki/seawater. Then using that percentage to back calculate a concentrations for the 
upper limit of saline concentration for freshwater as defined by http://en.wikipedia.org/wiki/brackish water. 
OOE/RL-96-61, Hanford Site Background: Part 3, Groundwater Backgrollnd. 
NPDWS - National Primary Drinking Water Standard 
NSDWS - National Secondary Drinking Water Standards 
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Table 1-10. Preliminary Action Levels for Groundwater Contaminants of Concern. 

Contaminant Prellmlnary Action Level Basis for Setting Action Level 

Radiological 

Cs-137 200 pCi/L 4-mrem/yr dose standard" 

1-129 l pCi/L 4-mrem/yr dose standard" 

Pu-239/240 15 pCi/L NPDWS 

Sr-90 8 pCi/L 4-mrem/yr dose standard" 

Tc-99 900 pCi/L 4-mrem/yr dose standard" 

Tritium 20,000 pCi/L 4-mrem/yr dose standard" 

Metals 

Uranium (total) 30 µg/L NPDWS 

Non-Metals 

Cyanide 200 µg/L NPDWS 

Nitrate (nitrogen) 10,000 µg/L NPDWS 

Sulfate 250,000 µg/L NSDWS 

Volatile Organics COCs 

Semi-Volatile Organics 

Notes: 
Complete reference information provided in Section 5.0 of this document. 
•11tese values taken from Hanford Site Groundwater Monitoring/or Fiscal Year 2005 (PNNL- 15670). These EPA 
drinking water standards for radionucldes were derived based on 4-mrem/yr dose standard using maximum 
permissible concentrations in water specified in National Bureau of Standards Handbook 69 (U.S. Department of 
Commerce, as amended August 1963). 
b CLARC 3.1 refers to Cleanup Levels and Risk Calculations Under the Model Toxics Control Act Cleanup 
Regulation (CLARC Ill) (Ecology 2001). 
NPDWS - National Primary Drinking Water Standard 
NSDWS - National Secondary Drinking Water Standard 
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Table 1-11. Analytical Performance Requirements for Radiological Contaminants of Potential Concern and Contaminants of 
Concern. 

Preliminary Groundwater Action 
Target Required 

Quantitation 
Constituent CAS# Levef Analytical Technology Limits Precision Accuracy 

(pCi/L) 
(pCi/L) 

Am-241 14596-10-2 15 Isotopic Americium- AEA 1 ±30% 70-130% 

Cesium-137 10045-97-3 200 GEA 15 ±30% 70-130% 

Cobalt-60 10198-40-0 100 GEA 25 ±30% 70-130% 

Carbon-14 14762-75-5 2,000 Carbon-14-liquid scintillation 200 ±30% 70-130% 

Iodine-129 15046-84-1 1 Iodine-129 - liquid scintillation (low-level) 1 ±30% 70-130% 

Neptunium-23 7 13994-20-2 15 Neptunium-237 - AEA 1 ±30% 70-130% 

Pu-238 13981-16-3 15 Isotopic plutonium - AEA 1 ±30% 70-130% 

Plutonium-
Pu-239/240 15 Isotopic plutonium - AEA 1 ±30% 70-130% 

239/240 

Strontium-
RAD-Sr 8 Total beta radiostrontium - GPC 2 ±30% 70-130% 

89/90 

Technetium-99 14133-76-7 900 Technetium-99 - liquid scintillation or GPC 15 ±30% 70-130% 

Thorium-232 Th-232 15 Thorium isotopic - AEA (pCi) ICPMS (mg) 1 ±30% 70-130% 

Thorium-234 Th-234 401 Thorium isotopic - AEA (pCi) ICPMS (mg) l ±30% 70-130% 

Tritium 10028-17-8 20,000 Tritium - liquid scintillation (mid-level) 400 ±30% 70-130% 

Uranium-
U-233/234 20 Isotopic uranium - AEA l ±30% 70-130% 

233/234 

Uranium-235 15117-96-1 20 Isotopic uranium - AEA I ±30% 70-130% 

Uranium-238 U-238 20 Isotopic uranium - AEA 1 ±30% 70-130% 

Notes: 
• Table 1-8 gives basis for setting preliminary action level values. 
b Accuracy criteria for associate batch laboratory control sample percent recoveries. With the exception of GEA, additional analysis-specific evaluations also performed 
for matrix spikes, tracers, and carriers, as appropriate to the method. Precision criteria for batch laboratory replicate sample analyses. 
AEA = alpha energy analysis GEA = gamma energy analysis NIA = not applicable 
CAS = Chemical Abstracts Services GPC = gas proportional counting 
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Table 1-12. Analytical Perfonnance Requirements for Nonradiological Contaminants of Potential Concern and Contaminants of 
Concern. (2 Sheets) 

Preliminary Groundwater 
Target Required 

Quantitation 
Constituent CAS# Action Level• Analytical Technology Limits Precision Accuracy 

(Jig/L) 
(Jig/L) 

Metllls 

Aluminum 7429-90-5 50-200 
EPA Method - 6010 

6 ±30%b 70-130%b 
EPA Method 200.8 

Antimony 7440-36-0 6 
EPA Method - 6010 

5 ±30%b 70-130%b 
EPA Method 200.8 

Arsenic 7440-38-2 11.8 
EPA Method - 6010 

10 ±30%b 70-130%b 
EPA Method 200.8 

Cadmium 7440-43-9 5 
EPA Method - 6010 

2 ±30%b 70-130%b 
EPA Method 200.8 

Chromium 7440-47-3 100 
EPA Method - 6010 

5 ±30%b 70-130%b 
EPA Method 200.8 

Chromium 
18540-29-9 48 Chromium (hexavalent) - EPA Method- 7196 10 ±30%b 70-130%b 

(hexavalent) 

Iron 7439-89-6 1104 EPA Method - 60 l 0 50 ±30%b 70-130%b 

Sodium 7440-23-5 250,000C 
EPA Method - 6010 

50,000 ±30%b 70-130%b 
EPA Method 200.8 

Thallium 7440-28-0 1.87 
EPA Method - 6010 

1 ±30%b 70-130%b 
EPA Method 200.8 

Uranium (total) 7440-61-1 30 
EPA Method 200.8 

1 ±30%b 70-130%b 
Uranium - kinetic phosphorescence absorption 

lnorganics 

Chloride 16887-00-6 250,000 EPA Method 300.0 200 ±30%b 70-130%b 

EPA Method 335.N 
Cyanide 57-12-5 200 EPA Method 9010 5 ±30%b 70-130%b 

EPA Method 9012 
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Table 1-12. Analytical Performance Requirements for Nonradiological Contaminants of Potential Concern and Contaminants of 
Concern. (2 Sheets) 

Preliminary Groundwater 
Target Required 

Constituent CAS# Action Level1 Analytical Technology 
Quaotitatioo 

Precision Accuracy Limits 
(J&g/L) 

(pg/L) 

Nitrate 14797-55-8 10,000 EPA Method 300.0 250 ±30%b 70-130%b 

Nitrite 14797-65-0 1,000 EPA Method 300.0 250 ±30%b 70-13Q%b 

Nitrogen in nitrate NO2+NO3-
4,000 

EPA Method 353.N, deionized water extraction 
75 ±30%b 70-130%b 

and nitrite N for soils analysis 

Sulfate 14808-79-8 250,000 EPA Method 300.0 500 ±30%b 70-13Q%b 

V olotile Orgllllics 

Chloroform 67-66-3 7.17 EPA Method - 8260 5 ±30%b 50-150%1,&d 

4-methyl 2 
108-10-1 640 

pentanone 
EPA Method - 8260 5 ±30%b 50-150%1,&d 

Methylene Chloride 75-09-2 5 EPA Method - 8260 2 ±30%b 50-150%1,&d 

Trichloroethane 79-01-6 5 EPA Method - 8260 2 ±30%b 50-150%1,&d 

Se••Vokztile Orgllllics 

Bis(2-
117-81-7 6.25 EPA Method - 8270 5 ±30%b 50-150%1,&d 

ethylhexyl)phthalate 

Pentachlorophenol 87-86-5 2 EPA Method 8270 5 ±30%b 50-150%1,&d 

Notes: 
• WAC 173-340-720, Method B groundwater cleanup levels. 
• Precision and accuracy requirements are idmtified and defined in the referenced EPA procedures. Accuracy criteria for associate batch matrix spike percentage recoveries. Evaluation based 
on statistical control of laboratory control sample also preformed. Precision criteria based on batch laboratory replicate matrix spike sample analyses or replicate sample analyses. 
< Represent site background concentration (OOE/RL-92-23) . 
4 Accuracy criteria are the minimum for associated batch laboratory control sample percent recoveries. Laboratories must meet statistically based control if more stringent. Additional analyte
spccific evaluations also performed for matrix spikes and surrogates as appropriate to the method. Precision criteria are based on batch laboratory replicate matrix spike sample analyses. 
CAS = Chemical Abstracts Services CFR= Code of Federal Regulations EPA= U.S. Environmental Protection Agency NIA= not applicable WAC= Washington Administrative Code 
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Physical 
Parameters 

Hydraulic 
and 

Transport 
Parameters 

Table 1-13. Performance Requirements for Physical, Hydraulic and Geochemical Testing Methods. (2 sheets) 

Parameter Method Target Required Precision 
Quantitation Limts · Required 

Particle size distribution ASTMD422 NIA NIA 

Borehole logging (16 or 32 ft/hour rate 
Spectral gamma borehole logging if single-cased, 60 ft/hour if dual-wall NIA NIA 

casing - TBD) 

Neutron moisture logging Borehole logging (40 ft/hour rate) NIA NIA 

Bulk density ASTMD2937 NIA NIA 

Lithology Geologist description NIA NIA 

Moisture Content ASTMD2216 NIA NIA 

Saturated Hydraulic conductivity ASTMD5084 NIA NIA 

Unsaturated Hydraulic conductivity (Vadose 
Methods of Soil Analysis, Part I, 

Chapter 31. Soil Science Society of NIA NIA 
Zone Analysis) 

America. 

Wat.er level and hydraulic gradient Field measurement NIA ±0.006 m 

Wat.er retention ASTM D6836-02 and ASTM D2325 TBD TBD 

Pumping performance, drawdown, and flow 
Well development NIA NIA 

rate 

Uranium isotopic signatures Lawrence Berkeley National Lab NIA NIA 

Cation exchange capacity Routson et al. (1973) NIA NIA 

~ (contaminant-specific) ASTM3987 NIA NIA 

Specific conductance Field measurement NIA NIA 

Temperature Field measurement NIA +l cc 
Dissolved oxygen Field measurement NIA 0.1 mg/L 

Turbidity Field measurement <5NTU NIA 

Accuracy 
Required 

NIA 

NIA 

NIA 

NIA 

NIA 

NIA 

NIA 

NIA 

±0.006 m 

TBD 

±0.006m 

NIA 

NIA 

±25% 

NIA 

+1 °C 

±25% 

±1% 
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Table 1-13. Performance Requirements for Physical, Hydraulic and Geochemical Testing Methods. (2 sheets) 

Property Parameter Method 

pH pH Probe 

Conductivity Conductivity Probe 

Alkalinity Titration 

Anions/organic acids Ion Chromatography 

RCRAmetals 
Inductively Coupled Plasma - Mass 

Spectrometry 

Model Inductively Coupled Plasma - Mass 
Development Techetium-99, Uranium-238, Iodine-129 

Spectrometry 
Parameters 

Cations 
Inductively Coupled Plasma - Optical 

Emission Spectrometry 

Total organic carbon (sediments) 
Combustion/Chemical Oxidation 

Carbon Analyser 

Total inorganic carbon (sediments) 
Combustion/Chemical Oxidation 

Carbon Analyser 

Gross alpha/beta Gas Proportional Counting 

Notes: 
Complete reference information provided in Section 5.0 of this document. 
ASlM = American Society for Testing and Materials 
Ko = distribution coefficient 
NI A = not applicable 
NTU = nephelometric turbidity unit 

Target Required Precision 
Quantitation Limts Required 

NA ±0.1 pH 

NIA ±20% 

5mg/L ±20% 

TBD ±20% 

TBD ±20% 

TBD ±20% 

TBD ±20% 

25 mg/kg ±20% 

12.5 mg/kg ±20% 

5 pCi/g alpha 
±25% 

10 pCi/g beta 

Accuracy 
Required 

±0.1 pH 

±10% 

±10% 

±10% 

±10% 

±10% 

±10% 

±10% 

±10% 

±20% 
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Table 1-14. Sediment Analytical Performance Requirements for Radiological Contaminants of Potential Concern and Contaminants 
of Concern. 

Preliminary Sediment Action Target Required 
Constituent CAS# Level1 Analytical Technology Quantitation Limits Precisionb Accuracy' 

(pCi/g) (pCi/g) 

Am-241 14596-10-2 TBD Isotopic Americium- AEA I ±30% 70-130% 

Cesium-137 10045-97-3 TBD GEA 0.1 ±30% 70-130% 

Cobalt-60 10198-40-0 TBD GEA 0.05 ±30% 70-130% 

Carbon-14 14762-75-5 322 Carbon-14-liquid scintillation 200 ±30% 70-130% 

Iodine-129 15046-84-1 TBD Iodine-129 - liquid scintillation (low-level) 2 ±30% 70-130% 

Neptunium-23 7 13994-20-2 TBD Neptunium-237 - AEA I ±30% 70-130% 

Pu-238 13981-16-3 TBD Isotopic plutonium - AEA 1 ±30% 70-130% 

Plutonium-
Pu-239/240 TBD Isotopic plutonium - AEA 1 ±30% 70-130% 

239/240 

Strontium-
RAD-Sr TBD Total beta radiostrontium - GPC 2 ±30% 70-130% 

89/90 

Technetium-99 14133-76-7 181 Technetium-99 - liquid scintillation or GPC 15 ±30% 70-130% 

Thorium-232 Th-232 TBD Thorium isotopic - AEA (pCi) ICPMS (mg) 1 ±30% 70-130% 

Thoriwn-234 Th-234 TBD Thorium isotopic - AEA (pCi) ICPMS (mg) 1 ±30% 70-130% 

Tritium 10028-17-8 6.00E+l3 Tritium - liquid scintillation (mid-level) 400 ±30% 70-130% 

Uranium-
U-233/234 TBD Isotopic uranium - AEA I ±30% 70-130% 

233/234 

Uraniwn-235 15117-96-1 TBD Isotopic uranium - AEA 1 ±30% 70-130% 

Uranium-238 U-238 TBD Isotopic uranium - AEA 1 ±30% 70-130% 

• The prehmmary actton level 1s the regulatory or nsk-based value used to determme appropnate analytical requirements (e.g. detection hm1ts). Remedial action levels 
will be proposed in the FS. The groundwater protection radionuclide values are demonstrated through technical evaluation using RESRAD. Previous RESRAD 
calculations have determined carbon-I 4, technetium-99 and tritium have potential for entering the groundwater within the next 1,000 years based on generic site specific 
rrofiles. Therefore no current protection of groundwater values for the other radionuclides exists. 

Accuracy criteria for associate batch laboratory control sample percent recoveries. With the exception of GEA, additional analysis-specific evaluations also performed 
for matrix spikes, tracers, and carriers, as appropriate to the method. Precision criteria for batch laboratory replicate sample analyses. 
AEA= alpha energy analysis CAS= Chemical Abstracts Services GEA= gamma energy analysis GPC= gas proportional counting NIA= not applicable 
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Table 1-15. Sediment Analytical Performance Requirements for Nonradiological Contaminants of Potential Concern and 
Contaminants of Concern. (2 Sheets) 

Preliminary Sediment 
Taraet Required 

Quantitation 
Constituent CAS# Action Level Analytical Technology Limits Precision Accuracy 

(Jlg/Kg) 
(Ilg/Kg) 

Melllls 

Aluminum 7429-90-5 45,200 • EPA Method - 6010 
5000 ±30%b 70-130%b 

EPA Method 200.8 

Antimony 7440-36-0 5,400• EPA Method - 6010 
5000 ±30%b 70-130%b 

EPA Method 200.8 

Arsenic 7440-38-2 20,000· EPA Method - 6010 10,000 ±30%b 70-13Q%b 
EPA Method 200.8 

Cadmium 7440-43-9 690 3 EPA Method - 6010 
500 ±30%b 70-130%b 

EPA Method 200.8 

Chromium 7440-47-3 2,000,000• 
EPA Method - 6010 

1000 ±30%b 70-130%b 
EPA Method 200.8 

Chromium 
18540-29-9 18,400. Chromium (hexavalent) - EPA Method - 7196 10 ±30o/ob 70-130%b 

(hexavalent) 

Iron 7439-89-6 152,000• EPA Method - 6010 5000 ±30o/ob 70-130%b 

Sodium 7440-23-5 TBD 
EPA Method - 6010 50,000 ±30o/ob 70-130%b 
EPA Method 200.8 

Thallium 7440-28-0 TBD 
EPA Method - 6010 

500 ±30%b 70-130o/ob 
EPA Method 200.8 

Uranium (total) 7440-61-1 1,320 a 
EPA Method 200.8 1000 ±30%b 70-130o/ob 
Uranium - kinetic phosphorescence absorption 

Inorganics 

Chloride 16887-00-6 1,000,000· EPA Method 300.0 2000 ±30%b 70-130o/ob 

EPA Method 335.N 
Cyanide 57-12-5 soo· EPA Method 9010 500 ±30o/ob 70-1303/ob 

EPA Method 9012 
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Table 1-15. Sediment Analytical Performance Requirements for Nonradiological Contaminants of Potential Concern and 
Contaminants of Concern. (2 Sheets) 

Preliminary Sediment 
Target Required 

Quantitation 
Constituent CAS# Action Level Analytical Technology Limits Precision Accuracy 

(J'g/Kg) 
{}lg/Kg) 

Nitrate 14797-55-8 40,000' EPA Method 300.0 2500 ±30%b 70-130%b 

Nitrite 14797-65-0 4,ooo• EPA Method 300.0 2500 ±30%b 70-130%b 

Nitrogen in nitrate NO2+NO3-
4,ooo· 

EPA Method 353.N, deionized water extraction 
2500 ±30%b 70-130%b 

and nitrite N for soils analysis 

Sulfate 14808-79-8 1,030,000" EPA Method 300.0 5000 ±30%b 70-130%b 

Vollztik Org1111ics 

Chloroform 67-66-3 38.23 EPA Method - 8260 5 ±30%b 50-lSO¾b&d 

4-methyl 2 
pentanone 

108-10-1 2,170 1 EPA Method - 8260 10 ±30%b 50-150%b&d 

Methylene Chloride 75-09-2 21.8 1 EPA Method - 8260 5 ±30%b 50-150%b&d 

Trichloroethane 79-01-6 26.3 • EPA Method - 8260 2 ±30%b 50-150%b&d 

Se•i-Vollltile Orgtlllics 

Bis(2-
117-81-7 13,900 1 Semi-Volatiles - 8270 330 ±30%b 50-150%b&d 

ethylhexyl)phthalate 

Pentachlorophenol 87-86-5 330° EPA Method 8270 330 ±30%b 50-150%b&d 

Notes: 
• WAC 173-340-720, Method B soil protection of groundwater levels. 
b Accuracy criteria for associate batch matrix spike percentage recoveries. Evaluation based on statistical control of laboratory control sample also preformed. Precision criteria based on batch 
laboratory replicate matrix spike sample analyses or replicate sample analyses 
c The practical quantitation limit is greater than the Model Toxics Control Act Method B derived limit of 11 .5 µg/Kg using CLARC 3. I . 
• Accuracy criteria are the minimum for associated batch laboratol)' control sample percent recoveries. Laboratories must meet statistically based control if more stringent. Additional analyte
specific evaluations also performed for matrix spikes and surrogates as appropriate to the method. Precision criteria are based on batch laboratory replicate matrix spike sample analyses. 
CAS = Chemical Abstracts Services 
CFR = Code of Federal Regulations 
EPA = U.S. Environmental Protection Agency 
N/ A = not applicable 
WAC = Washing ton Administrative Code 
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2.0 QUALITY ASSURANCE PROJECT PLAN 

The quality assurance project plan (QAPjP) establishes the quality requirements for 
environmental data collection, including sampling, field measurements, and laboratory analysis. 
The QAPjP complies with the requirements of the following: 

• U.S . Department of Energy (DOE) Directive CRD 414.lA, Quality Assurance 

• 10 CFR 830.120, "Quality Assurance Requirements" 

• EP N240/B-0 1 /003, EPA Requirements for Quality Assurance Project Plans, 
EPAQA/R-5. 

The following sections describe the quality requirements and controls applicable to this 
investigation. Correlation between EPN240/B-0l/003 (EPA QNR-5) requirements and 
information in this chapter is provided in Table 2-1. 

Table 2-1. Correlation Between EPA QNR-5 Requirements and t}_le Sampling and 
Analysis Plan. 

EPAQA/R-5 
EPA QA/R-5 Title Reference Section 

Criteria 

Project Project/Iask Organization 2.1 
Management Problem Definition/Background 1.0, 1.1.6 

Project/fask Description 1.0 

Quality Objectives and Criteria 2.2 

Special Training/Certification 2.3 

Documents and Records 2.4 

Data Generation Sampling Process Design 2.5, 3.1, 3.2 
and Acquisition Sampling Methods 2.5.1 

Sample Handling and Custody 2.5.3 

Analytical Methods 2.5 .5, Tables 1-9,1-10, and 
1-11 

Quality Control 2.5.6 

Instrument/Equipment Testing, Inspection, and Maintenance 2.5.7 

Instrument/Equipment Calibration and Frequency 2.5.8 

Inspection/ Acceptance of Supplies and Consumables 2.5.9 

Non-direct Measurements 2.5.10 

Data Management 2.5.11, 

Assessment and Assessments and Response Actions 2.6.1 
Oversight Reports to Management 2.6.2 

Data Validation Data Review, Verification, and Validation 2.7 
and Usability Verification and Validation Methods 2.7.1 , 2.7.2 

Reconciliation with User Requirements 2.7.2 
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Quality assurance (QA) requirements are implemented according to the internal Fluor Hanford, 
Inc. (FH) QA program. The QA Program description document describes how FH implements 
the QA requirements conveyed in U.S. Department of Energy Order 414. lA (Quality Assurance) 
and "Nuclear Safety Management" (10 CFR 830.121) and how the Hanford Federal Facility 
Agreement and Consent Order (Tri-Party Agreement) (Ecology et al. 2003) and Hanford Site 
internal laboratory QA requirements apply to FH environmental QA program plans. 

All work performed under this SAP will be performed in compliance with the FH QA Program 
plan, the FH Groundwater Remediation Project plan or subsequent and equivalent FH quality 
program plans. Field sample collection and documentation activities will be performed 
according to applicable FH procedures. Groundwater sample collection and documentation after 
well completion will be performed by FH's subcontractor Duratek Federal Services Northwest 
(DFSNW) according to DFSNW internal procedures. 

2.1 PROJECTff ASK ORGANIZATION 

The project organization is described in the subsections that follow and is shown in Figure 2-1. 

2.1.1 Waste Site Remediation Manager 

The Waste Site Remediation manager provides oversight for all activities and coordinates with 
DOE-Richland Operations Office (RL) and regulators in support of sampling activities. In 
addition, support is provided to the task lead to ensure that the work is performed safely and 
cost-eff ecti vel y. 

2.1.2 Remediation Task Lead 

The Remediation task lead is responsible for direct management of sampling documents and 
requirements, field activities, and subcontracted tasks. The task lead ensures that the field team 
lead, samplers, and others responsible for implementation of this SAP are provided with current 
copies of this document and any revisions thereto. The task lead works closely with QA, health 
and safety, and the field team leader to integrate these and the other lead disciplines in planning 
and implementing the workscope. The task lead also coordinates with, and reports to, DOE-RL, 
regulators, and the Hanford Management Contractor on all sampling activities. 

2.1.3 Quality Assurance Engineer 

The Quality Assurance engineer is matrixed to the Remediation task lead and is responsible for 
QA issues on the project. Responsibilities include oversight of implementation of the project 
QA requirements; review of project documents, including SAPs (and the QAPjP); and 
participation in QA assessments on sample collection and analysis activities, as appropriate. 

2.1.4 Waste Management 

The Waste Management lead communicates policies and procedures and ensures project 
compliance for storage, transportation, disposal, and waste tracking in a safe and cost-effective 
manner. Other responsibilities include identifying waste management sampling/characterization 
requirements to ensure regulatory compliance interpretation (i.e., with WAC 173-303) of the 
characterization data to generate waste designations, profiles, and other documents that confirm 
compliance with the applicable waste control plan. 

2-2 
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Figure 2-1. 200-BP-5 Project/Task Organization. 

GroundWater 
Remedial Actlons 

Manager 

Groundwater 
Qua~ty Assurance Remedial ..__ 

Actions Engineer 

Task Lead 

Waste Field Team Radiological Sample and Data Health and 
Management - - - Lead - - - Engineer Management Safety 

- Samplers -- RCTs 

2.1.5 Field Team Leader 

The field team leader has the overall responsibility for the planning, coordination, and execution 
of the field characterization activities. Specific responsibilities include converting the sampling 
design requirements into field task instructions that provide specific direction for field activities. 
Responsibilities also include directing training, mock-ups, and practice sessions with field 
personnel to ensure that the sampling design is understood and can be performed as specified. 
The field team leader communicates with the Remediation task lead to identify field constraints 
that could affect the sampling design. In addition, the field team leader directs the procurement 
and installation of materials and equipment needed to support the field work. 

The field team leader oversees field-sampling activities that include sample collection, 
packaging, provision of certified clean sampling bottles/containers, documentation of sampling 

· activities in controlled logbooks, chain-of-custody documentation, and packaging and 
transportation of samples to the laboratory or shipping center. 

The field team leads, samplers, and others responsible for implementation of this SAP and the 
QAPjP will be provided with current copies of this document and any revisions thereto. 

2.1.6 Radiological Engineering 

The Radiological Engineering lead is responsible for the radiological engineering and health 
physics support within the project. Specific responsibilities include conducting 
as-low-as-reasonably-achievable (ALARA) reviews, exposure and release modeling, and 
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radiological controls optimization for all work planning. In addition, radiological hazards are 
identified and appropriate controls are implemented to maintain worker exposures to the hazards 
ALARA. Radiological Engineering interfaces with the project safety and health representative 
and plans and directs radiological control technician support for all activities. 

2.1.7 Sample and Data Management 

The Sample and Data Management organization selects the laboratories that perform the 
analyses. This organization also ensures that the laboratories conform to Hanford Site internal 
laboratory QA requirements, or their equivalent, as approved by DOE-RL, EPA, and the 
Washington State Department of Ecology. The Sample and Data Management organization 
initiates audits of the laboratories periodically to assure compliance. Sample and Data 
Management receives the analytical data from the laboratories, makes the data entry into HEIS 
database, and arranges for data validation. Validation will be performed on completed data 
packages (including quality control [QC] samples) by FH's Environmental Information Services 
group or by a qualified independent contractor. 

2.1.8 Health and Safety 

Responsibilities include coordination of industrial safety and health support within the project as 
carried out through safety and health plans, job hazard analyses, and other pertinent safety 
documents required by Federal regulation or by internal FH work requirements. In addition, 
assistance is provided to project personnel in complying with applicable health and safety 
standards and requirements. Personnel protective clothing requirements are coordinated with 
Radiological Engineering. 

2.2 QUALITY OBJECTIVES AND CRITERIA FOR MEASUREMENT DATA 

Laboratory analytical detection limits and the precision and accuracy requirements for each 
analysis to be performed are summarized Tables 1-9 and 1-10. Performance criteria for physical, 
hydrologic and geochemical testing are found in Table 1-11 . 

2.3 SPECIAL TRAINING REQUIREMENTS AND CERTIFICATION 

Training or certification requirements for sampling personnel shall be in accordance with the 
requirements specified in the Hanford Site internal laboratory QA requirements. 

Field personnel will typically have completed the following training before starting work: 

• Occupational Safety and Health Administration 40-Hour Hazardous Waste Worker 
Training 

• 8-Hour Hazardous Waste Worker Refresher Training (as required) 

• Radiation Worker II Training 

• Hanford General Employee Training. 
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2.4 DOCUMENTATION AND RECORDS 

As indicated in Section 2.12, The FH Groundwater Remedial Actions task lead task is 
responsible for ensuring that the field team lead, samplers, and others responsible for 
implementation of this SAP are provided with current copies of this document and any revisions 
thereto. 

Field sampling and well-site activity documentation will be performed in accordance with FH 
and DFSNW procedures pertaining to the following: 

• Notebooks and Logbooks 

• Geologic Logging 

• Groundwater Sampling 

• Calibration of Field Equipment 

• Sampling Documentation 

• Geophysical Logging (S.M. Stoller procedures) 

• Chain of Custody/Sample Analysis Requests 

• Sample Packaging and Shipping. 

Laboratory analytical documentation will be in accordance with the Statement of Work for 
Environmental and Waste Characterization Analytical Services (RFS 1999) for groundwater 
sampling. Overall project documentation will be in accordance with the FH procedures 
standards-based management system. 

Data and information generated from the sampling activities will be used to support 
characterization efforts and to evaluate remedial alternatives for the 200-BP-5 OU. This data 
and information will be incorporated into project documents including a borehole summary 
report and remedial investigation report. Data and information from this sampling activity may 
also be included (if available at time of document preparation) in the feasibility study planning 
documents for the 200-BP-5 OU. 

2.5 DAT A/MEASUREMENT ACQUISITION 

The following subsections present the requirements for sampling methods, sample handling and 
custody, analytical methods, and field and laboratory QC. The requirements for instrument 
calibration and maintenance, supply inspections, and data management are also addressed. 

2.5.1 Sampling Methods Requirements 

Sampling associated with this SAP will be performed in accordance with established sampling 
practices and requirements pertaining to sample collection, collection equipment, and sample 
handling. The procedures to be implemented in the field should be in accordance with those 
outlined in the Hanford Site internal laboratory QA requirements and the applicable FH and 
DFSNW procedures for the sampling activities listed in Section 3.4 of this SAP. 

The field team leader and the Task Lead are responsible for ensuring that all field procedures are 
followed completely and that field personnel are trained adequately. The field team leader and 
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the Task Lead must document situations that may impair the usability of the samples and/or data 
in the field logbook or nonconformance report forms in accordance with internal corrective 
action procedures, as appropriate. The field team leader will note any deviations from the 
standard procedures for sample collection, contaminants of potential concern, sample transport, 
or monitoring that occurs. 

2.5.2 Sampling Identification 

A sample and data-tracking database will be used to track the samples from the point of 
collection through the laboratory analysis process. The HEIS database is the repository for 
laboratory analytical results. The HEIS sample numbers will be issued to the sampling 
organization for this project. The HEIS numbers are to be carried through the laboratory data
tracking system. 

2.5.3 Sample Handling, Shipping, and Custody Requirements 

All sample handling, shipping, and custody requirements will be performed in accordance the 
applicable FH and DFSNW procedures pertaining to Sample Packaging and Shipping and Chain 
of Custody/Sample Analysis Requests. 

2.5.4 Sample Preservation, Containers, and Holding Times 

Sample preservation, container, and holding time requirements will be prepared for specific 
sample events as specified on the sampling authorization forms and chain-of-custody forms in 
accordance with the requirements specified in RFS (1999) and the specific analytical method. 

2.5.5 Analytical Methods Requirements 

Analytical parameters and methods are listed in Tables 1-9 through 1-11. Laboratory-specific 
standard operating procedures for analytical methods are described in the Hanford Site internal 
laboratory QA requirements. 

Errors reported by the laboratories are reported to the Sample Management Project Coordinator, 
who initiates a Sample Disposition Record in accordance with FH procedures. This process is 
used to document analytical errors and to establish resolution with the Project Task Lead . 

2.5.6 Quality Control Requirements 

The QC procedures described in the Hanford Site internal laboratory QA requirements, must be 
followed in the field and laboratory to ensure that reliable data are obtained. When performing 
this field sampling effort, care should be taken to prevent the cross-contamination of sampling 
equipment, sample bottles, and other equipment that could compromise sample integrity. 

Table 2-2 lists the field QC requirements for sampling. If only disposable equipment is used or 
equipment is dedicated to a particular well, then an equipment rinsate blank is not required. If no 
volatile organic compound samples are collected, then a field transfer blank is not required. 
Field transfer blanks are not required when simply transferring samples to the field gas 
chromatograph for analysis. 

Laboratory QC sample requirements are specified in RFS (1999). 
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Table 2-2. Field Quality Control Requirements. 

Sample Type Frequency Purpose 

Duplicate 5% (1 sample in 20) To check the precision of the laboratory analyses. 

Equipment rinsate One per 10 well trips 
To check the effectiveness of the decontamination 
process. 

Field transfer blank One per day when volatile 
To check for contamination during transport. 

organics are sampled 

2.S.7 Instrument/Equipment Testing, Inspection, and Maintenance Requirements 

All onsite environmental instruments shall be tested, inspected, and maintained in accordance 
with manufacturer's specifications and FH and DFSNW procedures pertaining to control and 
calibration of field and monitoring instruments. The results from all testing, inspection, and 
maintenance activities shall be recorded in a bound logbook in accordance with applicable FH 
and DFSNW procedures. 

2.S.8 Instrument Calibration and Frequency 

All onsite environmental instruments shall be calibrated in accordance with manufacturer's 
specifications and FH and DFSNW procedures pertaining to the following: 

• Calibration requirements of field measurement equipment 
• Control of monitoring instruments. 

The results from all testing, inspection, and maintenance activities shall be recorded in a bound 
logbook in accordance with applicable FH and DFSNW procedures. Tags will be attached to all 
field screening and onsite analytical instruments, noting the date when the instrument was last 
calibrated and the calibration expiration date. 

2.5.9 Inspection/Acceptance Requirements for Supplies and Consumables 

All subject activities shall meet requirements of the Hanford Site internal laboratory QA 
requirements. The lot number from the manufacturer-certified, pre-cleaned sample containers 
shall be recorded in the sampler's logbook. 

Supplies and consumables procured by FH that are used in support of sampling and analysis 
activities are procured in accordance with internal work requirements and processes that describe 
the FH acquisition system and the responsibilities and interfaces necessary to ensure that 
structures, systems, and components, or other items and services procured/acquired for FH meet 
the specific technical and quality requirements. The procurement process ensures that purchased 
items and services comply with applicable procurement specifications. Supplies and 
consumables are checked and accepted by users prior to use. 

Supplies and consumables procured by the analytical laboratories are procured, checked, and 
used in accordance with the laboratories' QA plan. 

2.S.10 Non Direct Measurements 

Non-measurement sources such as computer data bases, programs, and literature files were used 
during the DQO process to assist with well placement decisions and development of 
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contaminants of concern. No further use of non direct measurements are required to support the 
scope of this SAP. 

2.5.11 Data Management 

Data resulting from the implementation of this QAPjP shall be managed and stored in 
accordance with applicable programmatic requirements governing data management procedures. 
At the direction of the task lead, all analytical data packages shall be subject to final technical 
review by qualified personnel before the results are submitted to the regulatory agencies or 
before inclusion in reports. Electronic data access, when appropriate, shall be via a database 
(e.g. , HEIS or a project-specific database). Where electronic data are not available, hard copies 
shall be provided in accordance with Section 9.6 of the Tri-Party Agreement (Ecology et al. 
2003). 

Planning for sample collection and analysis shall be in accordance with the programmatic 
requirements governing fixed laboratory sample collection activities as discussed in the sample 
teams procedures. In the event that specific procedures do not exist for a particular work 
evolution, or if additional guidance to complete certain tasks is needed, a work package will be 
developed to adequately control the activities, as appropriate. Examples of the sample teams' 
requirements include the activities associated with the following: 

• Chain of custody/sample analysis requests 
• Project and sample identification for sampling services 
• Control of certificates of analysis 
• Logbooks, checklists 
• Sample packaging and shipping. 

Approved work control packages and procedures will be used to document radiological 
measurements when implementing this SAP. Examples of the types of documentation for field 
radiological data include the following: 

• Instructions regarding the minimum requirements for documenting radiological controls 
information as per 10 CFR 835, "Occupational Radiation Protection" 

• Instructions for managing the identification, creation, review, approval, storage, transfer, 
and retrieval of Hanford Site radiological records 

• The minimum standards and practices necessary for preparing, performing, and retaining 
radiological-related records 

• The indoctrination of personnel on the development and implementation of 
survey/sample plans 

• The requirements associated with preparing and transporting regulated material. 

Data will be cross referenced between laboratory analytical data and radiation measurements to 
facilitate interpreting the investigation results. 
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2.6 ASSESSMENT/OVERSIGHT 

2.6.1 Assessments and Response Action 

The FH Compliance and Quality Programs group may conduct random surveillance and 
assessments to verify compliance with the requirements outlined in this SAP, project work 
packages, the project quality management plan, procedures, and regulatory requirements. 

Deficiencies identified during these assessments shall be reported to the FH technical project 
lead. When appropriate, corrective actions will be taken by the project lead in accordance with 
the Hanford Site internal laboratory QA requirements to minimize recurrence. 

2.6.2 Reports to Management 

Management shall be made aware of all deficiencies identified by self-assessments. Identified 
deficiencies shall be reported to the FH technical project lead. 

2.7 DATA REVIEW, VERIFICATION, VALIDATION, AND USABILITY 
REQUIREMENTS 

2.7.1 Data Verification and Usability Methods 

Data review and verification are performed by the laboratory to confirm that sampling and chain
of-custody documentation are complete. This review shall include tying sample numbers to 
specific sampling location, reviewing sample collection dates and sample preparation and 
analysis dates to assess whether or not holding times have been met, and reviewing QC data to 
determine whether analyses met the data quality requirements specified in this SAP. 

All data verification and usability assessments shall be performed in accordance with the 
Hanford Site internal laboratory QA requirements. 

2. 7 .2 Data Validation 

Data validation is performed either by an independent third party not involved in sampling, 
analysis, or assessment; or by the Waste Disposal/Groundwater Remediation Projects; or by 
PNNL using applicable data validation procedures. Five percent of the results will undergo 
Level C validation, as defined by these validation procedures. 

2.7.3 Data Quality Assessment 

The data quality assessment (DQA) process compares completed field sampling activities to 
those proposed in corresponding sampling documents and provides an evaluation of the resulting 
data. The purpose of the data evaluation is to determine if quantitative data are of the correct 
type and are of adequate quality and quantity to meet the project DQOs. The EPA DQA process, 
EPA/600/R-96/084, 2000, Guidance for Data Quality Assessment, EPA QA/G-9, identifies five 
steps for evaluating data generated from this project, as summarized below: 

Step 1. Review DQOs and Sampling Design. This step requires a comprehensive review of the 
sampling and analytical requirements outlined in the project-specific DQO workbook 
and SAP. 

2-9 



DOE/RL-2006-55, Rev. 0 

Step 2. Conduct a Preliminary Data Review. In this step, a comparison is made between the 
actual QA/QC achieved ( e.g., detection limits, precision, accuracy) and the requirements 
determined during the DQO. Any significant deviations will be documented. Basic 
statistics will be calculated from the analytical data at this point, as appropriate to the 
data set, including an evaluation of the distribution of the data and in accordance with 
the DQOs. 

Step 3. Select the Statistical Test. Using the data evaluated in Step 2, an appropriate statistical 
hypothesis test is selected and justified. 

Step 4. Verify the Assumptions. In this step, the validity of the data analyses is assessed by 
determining if the data support the underlying assumptions necessary for the analyses or 
if the data set must be modified (e.g., transposed, augmented with additional data) 
before further analysis. If one or more assumptions are questioned, Step 3 is repeated. 

Step 5. Draw Conclusions from the Data. The statistical test is applied in this step, and the 
results either reject the null hypothesis or fail to reject the null hypothesis. If the latter is 
true, the data should be analyzed further. If the null hypothesis is rejected, the overall 
performance of the sampling design should be evaluated by performing a statistical 
power calculation to assess the adequacy of the sampling design. 
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3.0 FIELD SAMPLING PLAN 

3.1 SAMPLING OBJECTIVES 

The objective of the field sampling plan is to clearly identify project sampling and analysis 
activities. The field sampling plan uses the sampling design identified during the DQO process 
and presents the design primarily using figures and tables whenever possible to identify sampling 
locations, the total number of samples to be collected, sampling procedures to be implemented, 
analyses to be performed, and sample bottle requirements. 

3.2 WELL DRILLING AND DESIGN 

Well drilling and construction will be performed in compliance with requirements defined in the 
Washington Administrative Code (WAC) 173-160, "Minimum Standards for Construction and 
Maintenance of Wells." The boreholes will be drilled such that they can be constructed as 
groundwater monitoring wells for the 200-BP-5 OU. The borehole shall be drilled at least 3 ft 
into the upper-most basalt unit (Elephant Mountain member) for wells C5196 and C5197 and at 
least 3 ft into the second basalt unit (Pomona member) for well C5195 (Figures 3.1 and 3.2, 
respectively). The final well construction design will be finalized by the FH Groundwater 
Remediation Project task lead depending on the observed hydrogeologic conditions and sample 
analyses results. For well C5195 the final well design (i.e., screen interval) will be selected 
according to the following major criteria (listed in descending order of importance) : 

1. Analytical Results. Analytical results from depth discrete sediment and groundwater 
samples (see Section 3.3.1) will be evaluated and the screened interval will be placed 
adjacent to the zone exhibiting the highest concentratiolns of COCs. If no contamination 
is detected, then criteria 2 will be used. 

2. Uppermost High Permeability Zone. The screened interval will be placed adjacent to the 
uppermost high permeability zone to monitor the zone most likely to be affected by 
contaminant migration. 

For well C5195, the drilling Contractor will drill and case the borehole 5 ft into the uppermost 
basalt surface (Elephant Mountain member) and reduce casing size in order to properly seal the 
wiconfined aquifer from the deeper Rattlesnake Ridge interbed confined aquifer. All temporary 
casing shall be removed from the borehole during well completion so that annular completion 
materials can be placed from surface to the bottom of the borehole. 

3.3 SAMPLING LOCATIONS AND FREQUENCY 

Figure 1-1 shows the location of the three proposed new groundwater wells associated with this 
SAP. Borehole sample collection shall be guided by the sampling scheme illustrated in 
Figures 3-3 and 3-4 and as summarized in Tables 3-1 through 3-4. Sample collection will be 
conducted according to internal FH procedures. In general, sediment samples will be collected 
using standard grab or split spoon methods and growidwater samples will be collected using a 
depth discrete KABIS sampler or by pumping. Well-specific sampling designs are summarized 
in the following two sections (e.g. 3.3.1 and 3.3.2). Sampling requirements for all three wells 
(i.e., geophysical logging) is summarized in Section 3.3.3. 

3-1 



DOE/RL-2006-55, Rev. 0 

Figure 3-1. Proposed Design for Wells C5196 and C5 l 97. 
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Figure 3-2. Proposed Design and Expected Geology for Well C5195. 
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Figure 3-3. Borehole Sampling Scheme for Well C5195. 
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Table 3-1. Sediment Samples for Well C5195. 

Sample 
Sample Estimated 

Sample Number and 
Location 

Collection Maximum Depth Type Sample Interval Analyte List 
Method of Investigation 

Lithologic Archive Samples 

Borehole Grab 
376 ft bgs 

74 samples (based on 
Every 5 ft and at major changes in lithology Samples for archive storage - no analysis 

C5195 Pint Jar estimated depth) required 

Unsaturated Zone Sediment Samples 

Physical Parameters - 2 samples (TBD) from the 

Split-spoons collected continuously over 28 split-spoons analyzed for Particle size 
Borehole 

Split-spoon 376 ft bgs 
28 samples (5 for 

intervals (ftbgs): 60-85, 105-120, 160-170, distribution, cation exchange capacity, water 
C5195 analysis) 

185-195 and 217.5-227.5. retention or matric potential, distribution 
coefficient for U, Cr, and Tc-99, TOC, TIC, and 
bulk density. 

67 samples (28 for Model Development parameters - analyzed for 

Borehole Grab 
analysis - I every I O ft Tier I contaminant transport model development 

C5195 Quart Jar 
376 ft bgs plus an estimated 7 Every 2.5 ft over interval 60-227.5 ft bgs parameters - see Table 1-11. Unused samples to 

based on observed be retained by PNNL for potential future 
chemical findings) analyses. 

Saturated Zone Sediment Samples 

Physical parameters - particle size distribution, 
cation exchange capacity, water retention or 
matric potential, distribution coefficient for U, 

Borehole 
At intervals 2.5-5, 25-27.5, and 47.5-50 ft Cr, and Tc-99, TOC, TIC, and bulk density 

C5195 
Split-spoon 376ftbgs 3 samples below upper interbed/basalt contact ( estimated 

Radiological COCs-see Table 1-9 contact at 3 IO ft bgs) 

Non-Radiological COCs - see Table 1-10 

Special - Cyanide extraction 

Maximum number of collected samples (not including pint archive samples)' 98 

Approximate number of field quality control samples 0 

Approximate total number of samples 98 

Notes: 
= Note that the sample collection process is designed for comprehensive study of the unsaturated and saturated zone. Only a subset of these samples will be analyzed (as noted). 

bgs = below ground surface 
COC = contaminant of concern 
PNNL = Pacific Northwest National Laboratory 
TBD = to be determined 
TIC = tentatively identified compoWld 
TOC = total organic carbon 
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Table 3-2. Sediment Samples for Well C5196. 

Sample Sample Estimated Sample Number and 
Location Collection Maximum Depth of 

Type Sample Interval Analyte List 
Method Investigation 

Archive Lltbologic Samples 

Borehole Grab 217 ftbgs 43 samples (based on 
Every 5 ft and at major changes in lithology Samples for archive storage - no analysis required 

C5I% Pint Jar estimated depth) 

Unsaturated Zone Sediment Samples 

5 samples - Model Development parameters - analyzed 

Every 2.5 ft over interval 20 ft above groundwater to for Tier I contaminant transport model development 

Borehole Grab groundwater suiface (groundwater estimated at 206 parameters. Unused samples to be retained by PNNL 

217 ftbgs 8 samples ft bgs) - samples from 12.5 -2.5 ft above for potential future analyses. 
C5196 Quart Jar groundwater suiface to be analyzed. PNNL to retain 5 samples (TBD) - Cyanide cxtr.iction 

unused samples for potential future analyses. 
Possible 3 samples (TBD) - Uranium isotopic signature 

Physical parameters - particle size distribution, cation 
Borehole 

Split-spoon 217ftbgs 2samples Samples collected from intervals 12.5-10 ft and 7.5- exchange capacity, water retention or matric potential, 
C5196 5 ft above groundwater suiface. distribution coefficient for U, Cr, and Tc-99, TOC, 

TIC, and bulk density. 

Saturated Zone Sediment Samples 

Model Development parameters - analyzed for Tier 1 
contaminant transport model development parameters -

Borehole Grab see Table 1-11 . Unused samples to be retained by 

C5196 Quart Jar 
217 ft bgs 3 samples (2 analyzed) Every 2.5 ft in saturated interval PNNL for potential future analyses. 

Cyanide extraction 

Uranium isotopic signature 

Physical parameters - particle size distribution, cation 

3 Samples (only 2 
exchange capacity, water retention or matric potential, 
distribution coefficient for U, Cr, and Tc-99, TOC, 

Borehole Split-spoon 217 ft bgs 
analyzed - top and bottom At intervals 0-2.5 ft, 2.5-5 ft, and 5-7.5 ft below TIC, and bulk density 

C51% of saturated zone), I field groundwater suiface. 
duplicate Radiological COCs - see Table 1-9 

Non-Radiological COCs - see Table 1-10 

Maximum number of collected samples (not including pint archive samples)" 16 

Approximate number of field quality control samples 

Approximate total number of samples 

Notes: 
= Note that the sample collection process is designed for comprehensive study of the unsaturated 

and saturated zone. Only a subset of these samples will be analyzed (as noted). 
bgs = below ground suiface 
COC = contaminant of concern 
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Table 3-3. Sediment Samples for Well C5197. 

Sample 
Sample Estimated Sample 

Location 
Collection Maximum Depth of Number and Sample Interval Analyte List 

Method Investigation Type 

Archive Litbologic Samples 

Grab 
32 samples Samples for archive storage - no analysis required 

Borehole (based on 
CS197 Pint Jar 

161 ft bgs estimated Every 5 ft and at major changes in lithology. 

depth) 

Unsaturated Zone Sediment Samples 

Model Development parameters - analyzed for Tier I 
contaminant transport model development parameters. 

Every 2.5 ft over interval 20 ft above groundwater to Unused samples to be retained by PNNL for potential 

Borehole Grab 8 samples (3 groundwater surface (groundwater estimated at I 5 I ft bgs) - future analyses. 

C5197 Quart Jar 
161 ft bgs samples for samples from 12.5, 7.5, and 2.5 ft above groundwater for 

analysis) analysis. PNNL to retain unused samples for potential future 
analyses. 

Cyanide extraction, uranium isotopic signature 

Saturated Zone Sediment Samples 

I sample only (TBD) - Physical parameters - particle 
size distribution, cation exchange capacity, water 
retention or matric potential, distribution coefficient for 
U, Cr, and Tc-99, TOC, TIC, and bulk density 

Model Development parameters - 2 samples (TBD) 

Borehole Split-spoon 161 ft bgs 3 samples 
At intervals 0-2.5 ft, 2.5-5 ft, and 5-7.5 ft below groundwater analyzed for Tier I contaminant transport model 

C5197 surface. development parameters. Unused samples to be 
retained by PNN L for potential future analyses. 

Radiological COCs - see Table 1-9 

Non-Radiological COCs - see Table 1-10 

Cyanide extraction, uranium isotopic signature 

Maximum number of samples 6 

Approximate number of field quality control samples 0 

Approximate total number of samples 6 

Notes : 
~ Note that the sample collection process is designed for comprehensive study of the unsaturated and 

saturated zone. Only a subset of these samples will be analyzed (as noted). 
PNNL = Pacific Northwest National Laboratory 
TBD = to be detenniocd 

bgs = below gro1111d surface TIC = tentatively identified compol&Rd 
COC: - contaminant of concern TOC = total organic carbon 



Table 3-4. Groundwater Samples for Wells Cl 595, C1596, C1597. 

Sample 
Sample Estimated 

Sample Number and 
Location 

Collection Maximum Depth of 
Type Method Investigation 

Borehole KABIS 376 ft bgs 
3 samples, 1 field 

C5195 duplicate 

Samples collected at ~ 
Borehole 
C5195 

Pumping 376 ft bgs 15-min intervals during 
well development 

Borehole KABIS 217 ft bgs 1 sample, 1 field 
C5196 duplicate 

Samples collected at~ 
Borehole 
C5196 

Pumping 217 ft bgs 15-min intervals during 
well development 

Borehole 
175 ftbgs 

C5197 
KABIS 1 sample 

Samples collected at ~ 
Borehole 
C5197 

Pumping 175 ft bgs 15-min intervals during 
well development 

Maximum number of samples - not including well development 

Approximate number of field quality control samples 

Approximate total number of samples 
Notes: 

bgs = below ground surface 
COC = contaminant of concern 

Sample Interval 

Initial sample collected 2 ft below 
basalt/interbed contact, second sample 20 ft 
below first sample, third sample collected at 
bottom interbed/basalt contact. 

Field measurements during well 
development 

At basalt surface (based on field observations 
during drilling) 

Field measurements during well 
development 

At basalt surface (based on field observations 
during drilling) 

Field measurements during well 
development 

5 

2 

7 

Analyte List 

Radiological COCs-- see Table 
1-9 

Nonradiological COCs - see 
Table 1-10 

pH, specific conductance, 
dissolved oxygen, 
temperature, turbidity -see 
Table 1-11 

Radiological COCs - see 
Table 1-9 

Nonradiological COCs - see 
Table 1-10 

pH, specific conductance, 
dissolved oxygen, 
temperature, turbidity -see 
Table l-11 

Radiological COCs - see 
Table 1-9 

Nonradiological COCs - see 
Table 1-10 

pH, specific conductance, 
dissolved oxygen, 
temperature, turbidity -see 
Table 1-11 

0 
0 

~ 
I 

N 

8 
0\ 
I 
VI 
VI 

~ 
0 
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3.3.1 Sampling Design Specific to Well C5195 

As noted in Section 1.0, well C5195 will serve as a monitoring well for the Rattlesnake Ridge 
confined aquifer. Samples collected during drilling are designed to establish if recently observed 
Technetium-99 contamination in well 299-E33-12 is a result of vertical flow between the 
unconfined and confined aquifers or is from an upgradient source. Hydrogeologic and 
geochemical characterization of the Rattlesnake Ridge interbed is also a goal of the 
characterization effort. 

Sediment Samples 

Split-Spoon Samples: Continuous split-spoon samples will be collected from the unsaturated 
zone over the intervals 60 to 85 ft below ground surface (bgs), 105 to 120 ft bgs, 160 to 170 ft 
bgs, 185 to 195 ft bgs, and 217 .5 to 227 .5 ft bgs. The intervals were chosen to align with low 
permeability zones using stratigraphic information from nearby wells. Of the 28 samples 
collected, five physical property samples ( at depths to be determined) are currently scheduled for 
analysis. The remaining unused samples will be retained for potential future analysis. A total of 
three split-spoon samples will be collected from the top, middle and bottom of the Rattlesnake 
Ridge interbed sediments. Based on the drillers log from well 299-E33-12, the thickness of the 
interbed is estimated at 60 ft. The samples will be collected at intervals 2.5 to 5 ft, 25 to 27 .5 ft, 
and 47.5 ft below the upper Elephant Mountain member basalt and Rattlesnake Ridge interbed 
contact. The intervals were chosen to align with higher permeability zones based on well log 
information from well 299-E33-12. The split-spoon samplers will be equipped with four, 6-in. 
long lexan liners to allow segregation of the split-spoon sample after collection. The split-spoon 
sample liners will be capped, taped, and labeled according to internal FH procedures. A grab 
sample will be collected from any interval where minimal or no split-spoon recovery is obtained. 

The five split spoon samples chosen for analysis from the 60 to 227.5 ft bgs interval will be 
analyzed for the physical and model development parameters listed in Table 1-11 . The three 
split-spoon samples collected from the Rattlesnake Ridge interbed will be analyzed for the 
radiological and non radiological COCs and the physical parameters listed in Tables 1-9, 1-10, 
and 1-11, respectively. Analysis for the radiological and non radiological COCs will be 
performed at the Waste Sampling and Characterization Facility (WSCF) located on the Hanford 
site. Physical parameters testing and model development parameters will be performed by the 
PNNL in Richland, Washington. 

Grab Samples: Grab samples will be collected from the drill cuttings in quart mason jars at 2.5 ft 
intervals between 60 and 227 .5 ft bgs. These samples are in addition to the lithologic archive 
samples collected every 5 ft over the entire borehole. The quart-size grab samples will be 
analyzed by PNNL for a number of parameters used for verifying and developing geochemical 
transport models for the 200-BP-5 OU. 

Groundwater Samples 

KABIS Samples: Depth-discrete groundwater samples will be collected at corresponding 
intervals to the split-spoon samples near the top, middle, and bottom of the Rattlesnake Ridge 
interbed confined aquifer (see interbed split-spoon sample intervals in Table 3-1). The KABIS 
sample will be collected according to internal FH procedures. The KABIS sampler must be 
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lowered continuously to the target depth before stopping, in order to achieve a proper depth
discrete sample. 

KABIS samples will be analyzed for the COCs listed in Tables 1-9 and 1-10. Analysis for the 
majority of radionuclide and non radionuclide COCs will be performed at WSCF. 

3.3.2 Sampling Design Specific to Wells C5196 and C5197 

As noted in Section 1.0, wells C5196 and C5 l 97 are designed to provide northern definition of 
the uranium groundwater plume located north of the 200 East Area. The boreholes will also 
encounter the top of the basalt in order to obtain additional control on the basalt surface and for 
well C5197, to help identify an erosional channel in the basalt that could be the conduit between 
the unconfined and uppermost confined aquifers. These wells will also provide additional 
hydraulic data to help resolve the groundwater flow direction north of the 200 East Area. Other 
possible benefits from these wells include resolving possible differing uranium isotopic ratios in 
the deep vadose zone (past saturated zone), providing moisture content in various soil horizons, 
determining the concentrations of other radionuclide and chemical contaminants, and providing 
additional characterization data to augment risk assessment modeling of future contaminant 
migration. 

Sediment Samples 

Split-Spoon Samples: A total of two split-spoon samples will be collected from the intervals 12.5 
to 10 ft and 7.5 to 5 ft above the water table (from well C5196 only). Split-spoon samples will 
be collected from intervals Oto 2.5 ft and 4 to 6.5 ft below the water table at both well locations. 
The water table in the vicinity of the boreholes is estimated at 206 ft bgs at proposed well C5 l 96 
and 151 ft bgs at proposed well C5197. The thickness of the aquifer in the vicinity of the two 
proposed wells is thin due to the elevated basalt surface. Because of this, it should be noted that 
the lower-most sample interval may not be reached prior to encountering basalt. Every effort 
should be made to collect a split-spoon sample just above the basalt surface. A grab sample will 
be collected from any interval where minimal or no split-spoon recovery is obtained. 

Split-spoon samples collected from the unsaturated zone in well C5196 will be analyzed for the 
physical parameters listed in Table 1-11. The split-spoon samples collected from the saturated 
zone at both well locations will be analyzed for the COCs listed in Tables 1-9 and 1-10 and for 
selected physical parameters (particle-size distribution, bulk density, and moisture content) listed 
in Table 1-11. Analysis of the sediments for the majority of radionclide and non radionuclide 
COCs will be performed at WSCF. Selected geochemical parameters will be performed by 
PNNL based on preliminary findings from WSCF results. 

Grab Samples: Grab samples will be collected from the drill cuttings in quart mason jars at 2.5 ft 
intervals between 20 ft above the groundwater to groundwater in wells C5196 and C5197. 
Additional grab samples will be collected from the saturated zone in well C5 l 96 every 2.5 ft. 
These samples are in addition to the lithologic archive samples collected every 5 ft over the 
entire borehole. Selected quart-size grab samples will be analyzed by PNNL for a number of 
parameters used for verifying and developing geochemical transport models for the 200-BP-5 
OU (see Table 1-11 ). 
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Groundwater Samples 

KABIS Samples: Depth-discrete groundwater samples using a KABIS sampler will be collected 
once the basalt surface is encountered in wells CS 196 and CS 197. A pumped sample may also 
be an option if 1) the aquifer thickness is sufficient to place a submersible pump, and 2) it is 
anticipated based on drilling observations that the aquifer will provide sufficient yield for a 
pumped sample. 

KABIS ( or pumped) samples will be analyzed for the COCs listed in Tables 1-9 and 1-10. 
Analysis for the majority of radionclide and non radionuclide COCs will be performed at WSCF. 
Selected parameters (need to specify) will be performed by PNNL. A sample aliquot from each 
sample will be analyzed for isotopic uranium at the Lawrence Berkeley National Laboratory. 

3.3.3 Sampling Requirements for All Wells 

The following sampling methodologies will be used at each well. 

Geologic/ Archive Samples 

Cuttings will be collected every 5 ft or at major changes in lithology for purposes of geologic 
description and for archived storage. Cuttings will be collected in pint glass jars (one per 
interval). Geologic descriptions using FH internal procedures will be performed by the well-site 
geologist. 

Geophysical Logging 

Each borehole will be logged using S.M. Stoller Corporation's (Stoller's) spectral gamma 
logging system (SGLS) and neutron moisture logging system (NMLS). In general, borehole 
logging will be performed through a single string of casing (i.e., prior to telescoping) over the 
entire length of borehole. The SOLS uses a cryogenically cooled, high-purity germanium 
detector to detect, identify, and quantify gamma-emitting radionuclides in the subsurface. 
Identification of naturally occurring and man-made radionuclides is based on detection of 
characteristic gamma rays emitted during decay of specific radionuclides. The SOLS is 
calibrated annually by measuring detector response to gamma rays from potassium (K-40), 
thorium (Th-232), and uranium (U-238), resulting in a continuous detector response function 
over an energy range between 185 keV and 2.6 MeV. Verification of annual calibration prior to 
logging will ensure reliable detection and quantification of gamma-emitting radionuclides. The 
SOLS will be operated in move-stop-acquire mode with count times on the order of 100 to 200 
seconds (s) per data point, at 1-ft depth increments. The logging data will be corrected for dead 
time, well-casing thickness, and the presence of water in the borehole. 

The NMLS uses a 50-mCi americium/beryllium source and helium-3 detector. Neutrons emitted 
from the source bombard the surrounding formation and are scattered back to the detector. 
Neutron moisture logs are useful as an indication of in situ moisture content and for stratigraphic 
correlation. The NMLS will be calibrated to provide an indication of the volumetric moisture 
content up to about 20 percent in 6-in. and 8-in. diameter cased boreholes. For other borehole 
diameters, the NMLS data will be used qualitatively to identify differences in moisture content. 
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3.4 SAMPLING PROCEDURES 

Table 3-5 lists the sampling related activities addressed by existing FH and DFSNW procedures. 
The appropriate procedure will be implemented by the field personnel during performance of the 
sampling activity. 

Table 3-5. Sampling Activities Conducted Using Internal FH and DFSNW Procedures. 

Sampling Activities Prior to Well Construction 
(FH Procedures) 

Sampling Equipment Decontamination 
Geologic Logging 
Groundwater Sampling 
Calibration of Field Equipment 
Sample Packaging and Shipping 
Sampling Documentation 
Soil and Sediment Sampling 
Well Development and Testing 
Geophysical Logging (S.M. Stoller procedures) 

Notes: 
FH = Fluor Hanford, Inc. 
DFSNW = Duratek Federal Services Northwest 

3.5 SAMPLE MANAGEMENT 

Groundwater Sampling Activities Following Well 
Construction (DFSNW Procedures) 

Chain of Custody/Sample Analysis Request 
Project and Sample Identification for Sampling Services 
Field Logbooks 
Laboratory Cleaning of Sampling Equipment 
Calibration of Field Equipment 
Sample Packaging and Shipping 
Groundwater Sampling 
Control of Monitoring Instruments 
Turbidity Measurements 
pH and Temperature Measurements 
Field Analysis of Conductivity 

Sample and data management activities will be performed in accordance with FH QA program 
plans. 

Sample preservation, container, and holding-time requirements will be specified on sampling 
authorization forms and chain-of-custody forms in accordance with the requirements specified in 
RFS (1999) (or equivalent) and the specific analytical method prepared for specific sample 
events. 

3.5.1 Sample Custody 

All samples obtained during the project will be controlled from the point of origin to the 
analytical laboratory, as required by the Hanford Site internal laboratory QA requirements, and 
applicable FH and DFSNW procedures. 

\ 

3.5.2 Sample Packaging and Shipping / Field Documentation 

Field documentation shall be kept in accordance with the Hanford Site internal laboratory QA 
requirements, and FH and DFSNW procedures pertaining to the following: 

• Chain of Custody/Sample Analysis Requests 
• Logbooks 
• Geologic Logging 
• Sampling Documents. 
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3.6 MANAGEMENT OF INVESTIGATION-DERIVED WASTE 

Investigation-derived waste from these sampling activities will be handled as CERCLA waste. 
The Waste Control Plan for the 200-BP-5 Operable Unit (DOE/RL-2003-30) establishes the 
management ( e.g., designation, packaging and labeling, storage/transportation) and disposal of 
investigation-derived waste generated from groundwater well sampling, aquifer testing, 
groundwater well installation, water level, screening analysis, geophysical logging, and 
equipment decontamination for 200-BP-5 OU investigations. The anticipated waste streams 
associated with the activities included in this SAP include: 

• Miscellaneous solid waste such as filters, wipes, gloves, and other personal protective 
equipment, cloth, sampling and measuring equipment, pumps, pipe, wire, plastic 
sheeting, tools, bentonite, sand, paper, wood, construction debris, stainless steel or carbon 
steel metal, and glass 

• Purgewater generated during groundwater well installation, development, testing, 
monitoring, maintenance, and decommissioning 

• Purgewater generated during decanting of soils and slurries 

• Decontamination fluids 

• Liquids generated during screening analysis 

• Drill cuttings and associated wastes 

• Materials generated from cleanup of unplanned releases 

• Equipment and construction material ( e.g., well casing, drill string, drive barrel, 
decommissioning materials, wooden pallets, etc.) 

In addition to the Waste Control Plan referenced above, a DQO summary report is being 
prepared to support decision-making activities as they pertain to the handling, designation, and 
disposition of waste derived from the installation of three groundwater monitoring wells 
associated with this SAP. This waste DQO will be in place prior to initiation of drilling 
activities. 

Unused samples and associated laboratory waste for the analysis will be dispositioned in 
accordance with the laboratory contract and agreements for return to the Hanford Site. In 
accordance with 40 CFR 300.440, FH technical project lead approval is required before returning 
unused samples or waste from offsite laboratories. 
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4.0 HEAL TH AND SAFETY 

All personnel working at the drilling sites addressed by this SAP will have completed, at a 
minimum: 

• Occupational Safety and Health Administration Act 40-hour Hazardous Waste Site 
Worker training program (29 CFR 1910.120). 

• Hanford General Employee Training (HGET). 

• Hanford Radiation Worker II training. 

Work will be performed in accordance with the following procedures: 

• PHMC Radiological Control Manual (HNF-5173) 

• Site-specific plans, as applicable: 

- Health and safety plans 

- Radiological Work Permit, as applicable 

- Activity hazard analysis/job safety analysis 

- Site-specific Waste Packaging Instruction 

• HNF-IP procedures 

• Central Plateau Radiological Control Procedures 

• FH Environmental Procedures. 
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APPENDIX A 

Tiered Screening Rationale 

ALO INTRODUCTION 

The following describes the three-step tiered approach used to develop and screen 
groundwater constituents of potential concern (COPCs) associated with the 200-BP-5 
OU. COPCs developed according to this process will be evaluated as COCs. Hanford 
site databases and a radionuclide inventory code were integral in researching well 
location, groundwater analytical data, waste site location and inventory, and radionuclide 
inventory. Each of these sources of information is described: 

1) Waste Information Data System (WIDS) comprises the official summary of the 
history and status of the Hanford waste sites. 

2) Hanford Environmental Information System (HEIS) database with the current 
analytical data for soil, biota, atmospheric, miscellaneous material, surface water 
and groundwater samples 

3) Environmental Data Access (EDA) compiles analytical data from HEIS into 
groundwater quality well summary tables for the 200-BP-5 OU. The summary 
tables provide breakdown of the number of samples, detects, date first sampled 
and last sample date for various categories (e.g. radionuclides, volatiles, semi
volatiles, pesticides, metals, general chemistry [i.e. anions, cations, etc.], and 
physical properties). 

4) Hanford Virtual Library provides laboratory reviewer comments and trend plots 
on individual analysis and various constituents, respectively. 

5) Hanford Well Information System (HWIS) consists of information regarding the 
locations, as built diagrams and maintenance records for wells and boreholes for 
the Hanford Site. 

6) The Hanford Geographic Information System (HGIS) contains detailed, accurate 
maps of the site and its main features, such as buildings, roads, aboveground and 
underground services, structures, piping, topography, geology, wells, and rivers 
and ponds. 

7) Oak Ridge Isotope Generation and Depletion Code (ORIGIN2), contains the curie 
content per ton of uranium fuel for the highest inventories of actinides, fission 
products and activation products as well as the degradation of inventory over 5, 
I 0, 25 and 50 years. The code was established for C and N reactor production. 

The first step of the tiered approach involved development of a master list of 
contaminants. The master list was compiled from two primary sources: 

• · COPCs identified in source OU remedial investigation/feasibility study (RI/FS) 
work plans for waste sites contained within or contiguous to the boundaries of the 
200-BP-5 OU. Contaminants considered not having the potential to impact 
groundwater were included in the master list for evaluation as a groundwater 
COPC 

• Best basis inventories for tank farms located within the boundaries of the 200-BP-
50U 
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The second step of the tiered approach involved comparing the master list of 
contaminants to groundwater analytical data from selected wells within the 200-BP-5 
OU. Available database records indicate approximately 202 groundwater wells have 
been drilled within the 200-BP-5 OU. Each well was reviewed for use in the COPC 
screening process based on certain criteria including location, number of samples, active 
years of use, and maximum concentrations of contaminants of potential concern. Some 
of the 202 wells were removed from COPC screening process for a variety of reasons, 
such as limited sample results, distance from source sites, and date of well usage. Upon 
completion of the well review, 57 wells were selected for a detailed review as shown on 
Figure A-1. Forty-four of the wells selected were identified as Environmental 
Surveillance wells used by PNNL. These wells were retained due to their location and 
longevity near source waste sites. Besides the Environmental Surveillance wells, 13 
additional wells were selected for COPC screening primarily based on their location 
relative to certain waste sites within the 200-BP-5 OU. 

The following tables summarize the results of the detailed review which involved 
comparison of the master list of contaminants to groundwater analytical data from the 57 
selected wells. Included in each table is the current total number of samples for the 
constituent from all 57 wells, date range of samples, number of wells sampled, total 
detects, total non-detects, maximum value reported, date of maximum value reported, 
regulatory standards for the constituent, background concentrations, retention decision, 
and comments. 

The third step, and final step of the tiered approach involved evaluating the results of the 
detailed review to determine if a constituent should be excluded from further evaluation 
or retained as a COPC or COC. The decision on whether a constituent was excluded or 
retained as a groundwater COPC or COC for 200-BP-5 is included in the table. The basis 
for that determination is also included. 

The criteria for retaining or excluding a constituent as a COPC or COC included: 
• For all constituents (i.e., rad and non-rad), if analytical concentrations were below 

laboratory detection limits (i.e., all non detects), then the constituent was excluded 
as aCOPC. 

• For non-rad constituents, if the maximum reported value for a constituent is less 
than the Hanford site background concentration (DOE/RL-92-23 or DOE/RL-96-
61) then the constituent was excluded as a COPC. 

• For non-rad constituents, if the maximum value for a constituent exceeded 
background, but was less than EPA's primary or secondary drinking water 
standards and/or groundwater cleanup levels established according to the Model 
Toxics Control Act (WAC 173-340-720) Method B, then the constituent was 
excluded as a COPC. In some cases, if the maximum concentration was less than, 
but close to the regulatory thresholds or significantly higher than background, 
then the constituents was retained as a COPC for further evaluation. 

• For non-rad constituents, if the maximum value for a constituent measured within 
the past 10 years exceeded EPA' s primary or secondary drinking water standards 
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and/or groundwater cleanup levels established according to the Model Toxics 
Control Act (WAC 173-340-720) Method B, then the constituent was retained as 
a COC. If concentrations since the reported maximum have dropped below the 
regulatory thresholds mentioned above prior to the past three years, then the 
constituent was retained as a COPC rather than a COC. This was done for 
cadmium. 

• For radionuclides, if the maximum value determined by analysis or ORIGIN2 
modeling, is less than EPA's recommended 4 mrem per year ingestion dose limit 
(for beta and photon emitters) or less than 15 pCi/L for alpha emitters, then the 
constituent was excluded as a COPC. 

• For radionuclides, if the maximum value for a constituent measured within the 
past 10 years determined by analysis or ORIGIN2 modeling, exceeds EPA's 
recommended 4 mrem per year ingestion dose limit (for beta and photon emitters) 
or more than or equal to 15 pCi/L for alpha emitters, then the constituent was 
retained as a COC. 

• For all constituents, if groundwater analytical results or modeling results are 
inconclusive (i.e., not measured), then the constituent was retained as a COPC for 
further evaluation. 

Note that metal constituents required further evaluation. Unfiltered samples were 
observed to have significantly higher concentrations for certain metals due to particle 
suspension in the water. Filtered results were generally used for comparison with 
regulatory standards and background concentrations. Thus, if the filtered results for a 
metal constituent were below regulatory standards or background concentrations then the 
constituent was excluded. 

All radionuclide decay series were evaluated to determine key radionuclide indicators for 
radionuclide contaminants with no sample results or limited sample results. The key 
radionuclides were used for comparison from ORIGIN2 inventory calculations. 
Generally the radionuclides that were excluded were found to have insignificant 
ORIGIN2 inventories and were daughter products with low potential of in growth in the 
next 1000 years or more. Note that none of the radionuclides excluded have been 
determined (e.g. through draft waste site remedial investigation (RI) and feasibility study 
(FS) reports) to impact groundwater now or in the future. 
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Figure A-1. 200-BP-5 Evaluated EUstorical Groundwater Monitoring Wells
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Table A-1. 200-BP-5 Radionuclide Contaminant Preliminan Screenin2 Decision 
Constituent Total Sample Date Number of Total Total Non- Maximum Date of NPDWS 4mrem Backgrowtd Retention Comments 

Samples Range Wells Detects Detects Value Maximum standard Decision 
Samnled' R"""rted Detected dose. 

Am-243 0 NA 0 0 0 NA NA 15 pCi/L NA NA Excluded By length of decay role forCm-247 (16 millioa years) 
and Blt-247 (1400 years). Am-243 i, associalcd with lhc 
Cf-251 and Bk-247 decay seric,. Bued on lhc decay ra1e 
of Cm-247 and Bk-247 then, would not be significant 
decay in growth for hundrcdJ of years. In addition, in 
inventory compari,oru; bucd on ORIGIN2 Am-243 bas 
nurly 4 onlcrs of magnilUdc less inventory thao Am-241 
ten years after dischar&c. Am-243 bu four ordcn less 
inverunrv 50 vean afla discharoc. 

Sb-125 365 1990-2006 34 45 320 116 pCi/L 9/3/92 NA 300pCi/L 3.77 pCi/L °''' Excluded No dclecled values above derived regulatory limic,. All 
concmintions were significantly 1011 than Slandards. 
According 10 ORIGIN2 values Sl>-125 drops S ordcn of 
magnitude: from IO years 10 SO years after rcacto, 
production. This constituent is represcnutive ofSl>-126 
and Sb-126m due 10 higher initial inventory (S orders of 
magnitude> inventory than Sl>-126 aod Sb-126m afla 10 
ycan removal from -.). It also has the ,amc 
mobility and that it is within an order of magnitude: 50 
vcars afla rcmovaJ from react.or. 

Sb-126 0 NA 0 0 0 NA NA NA 537 nCi/L NA Excluded By wociation with Sb-125 (5CC above). 

Sb-126m 0 NA 0 0 0 NA NA NA 58,535 NA Excluded By asaociation with Sb-125 (sec above). 

nCi/L 
Ba- 0 NA 0 0 0 NA NA NA 5,160 pCi/L NA COPC By association with Cs-137. Jonie potential similar 10 

137m .. • Cs-137 thus similar mobility. 

Be-7 351 1990-2006 32 19 332 7240 pCi/L 2/4/92 NA 42,926 9.4 pCi/L0 Excluded All dcleeled values roporl<d were before 1992. Appears 

pCi/L the analytical methodology was refined in 1992. Since 
1992 all 256 n:sulc, have been non-dctccL In addition, 
half life is < 3 years. This constituent did not make the 
top 57 fission produe11 and thus would be mon: than 23 
orders of maonitudc: less than Cs-I 37 after SO vean. 

Bi-210 0 NA 0 0 0 NA NA NA 856 pCi/L NA Excluded By association with U-238. Bi-210 is associated with the 
U-238 natural decay series and Cm-250, Blt-250 and Cf-
250 decay series. Based on Baleman equation, daughi,r 
prodUCIS after U-234 would not gcnc:nle equilibrium for 
approxima1ely l million years. Thus, Bi-210 would have 
insignificant concentrations. According to ORIGIN2 
derived inventory, values 50 yean after n:moval from the 
n:aotor, Bi-210 is S.S onlcn of magnitude: less than U-
238. 

Bi-211 0 NA 0 0 0 NA NA 15 pCi/L NA NA Excluded By ilSSOCiation with U-235. Bi-211 is usociatcd with the 
U-2JS natural decay series as well as the Cf-251 , Bk-247, 
and Cm-243 decay series. Baaed on Bai,m.., equation, 
daugbi,r product, after Pa-231 would not have 
significant in growth for thousands of years. According 
10 ORIGIN2 derived inventory value& IO ycan after 
n:moval from the reactor Bi-211 is 4.S orders of 
magnilUde less than U-235. After SO ycan Bi-211 is 3.S 
orders of magnitude less than U-235. Based on 
ORIGIN2 and Bi-21 I relationship to U-235 possible hot 
liJ)OII at B-S reverse well would be I .OE-3 pCi/L if in 
oroW!h has occwted. 
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Table A-1. 200-BP-5 Radionuclide Contaminant Ptelimirurn Screeninp; Decision 
Constituent Total Sample Date Nwnberof Total Total Non- Maximum Date of NPDWS 4mrem Background Retention Comments 

Samples Range Wells Detects Detects Value Maximum standard Decision 
Sampled' RePOrted Detected dose. 

Bi-212 0 NA 0 0 0 NA NA 15 pCi/L NA NA Excluded By auociation with U-236 and Th-232. Bi-2t2 is 
associated with the Th-232 natural decay series and tl,c 
Cm-244 and Cm-248 decay series. Based on long h.if 
li fe ofU-236 and Th-232 (e.g. both ova 23 million 
years) tbcrc would be insignificant invm10ry ofBi-212 
for at k:ast a million years. Acoording to ORIGIN2 
derived inventory values 10 ye.an after removal from the 
reactor Bi-212 is 2 orders of magnitude less lhan U-2:16. 
Allcr SO years Bi-212 is still 2 ordcn of magnitude le,s 
than U-236. 

Bi-213 0 NA 0 0 0 NA NA NA 7,595 pCi/L NA Excluded By association with Am-241. Bi-213 is a decay product 
of Am-24 1 in the Cf-249 decay series. Based on 
Bateman equation, daughter producu after Th-229 wclUld 
not have significant in growth for thousands of years. 
Based on ORIGIN2 calcuwiont Bi-213 did not make lhc 
top 60 actinide product inventories from reactor 
gcncntcd uruiium fuel. Thus Bi-213 wowd be more 
than 10 ordas of magnitude less than Am-241 rcpoc1<<i 
values. 

Bi-214 0 NA 0 0 0 NA NA NA 19,384 NA Excluded By association with U-238 and U-234. Bi-214 is 

pCi/L associated with the U-238 natural decay scrics and Cr1>-
2SO, Bk-2SO and Cf-2SO decay series. Based on Bale.man 
equation, daughter prodllClS after U-234 would not 
gcncntc cquilibri-.un for approximately 1 million yean. 
Thus. Bi-214 would have insignificant concentrations. 
Acoording to ORIGIN2 daived inventory, values SO 
years after removal from the reactor, Bi-214 is Sore!<,, of 
m•=;tudc less than U-238. 

C-14 2 1997-1998 2 0 2 NA NA NA 2,626 pCi/L NA COPC Limited results and high activation product ba.scd on 
ORJGIN2. 

Ce-144 64 1991-1994 13 0 64 NA NA NA 30 pCi/L NA Excluded No ddcctcd values. 15 order> magnitude <C>-137. 

Cs-134 381 1991-2006 32 14 367 9.25 pCi/L 12/18/90 NA 80 pCi/L 0 .747 pCi/L l>( I) Excluded No ddcctcd values rcporled above dai vcd n:iwatory 
standards. The highesl concentration reported is at th•! B-
S reverse well. Cs-134 has seven orders of magnitude 
less inventory than Cs-1 3 7 after SO ycan bascd on 
ORIGIN2 calculations. 

Cs-135 0 NA 0 0 0 NA NA NA 900 pCi/L NA Excluded By association with Cs-137 and Cs-134. 6 ordas < c,~ 
137 allcr SO-•" based on ORIGIN2 calculations. 
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Table A-1. 200-BP-S Radionuclide Contaminant Prelim;n,n Screenim, Decision 
Constituent Total Sample Date Number of Total Total Non- Maximum Date of NPDWS 4mrcm Background Retention Comments 

Samples Range Wells Detects Detects Value Maximum standard Decision 
Samoled' R=rted Detected dose. 

Cs-137 692 1988-2006 48 128 564 2310 pCi/L 3/29/94 200 pCi/L 200 pCi/L 2.26 pCi/L D(I / coc Only reported two well, above derived rcgulato<y level5. 
The valllCS were from 299-E28-23 and E28-25 located 3 
and 20 feet from the 8-5 reverse well, respc,:tively. One 
other well hod values approaching half of the derived 
n:gulllOry fonil This well, 299-E28-7, is also located in 
the vicinity ofB-5. Cs-137 is the most appropriate 
fission producl contamillllDl for deriving other ORIGIN2 
fission constituent concentrations which have no current 
analysis method available. This is due 10 the ranking of 
c,-137 on theORIGIN2 lable. c .. 137 has the highcsl 
po!Clti.al curics/mdric ton of uranium fue l. In ccnain 
5'ituations due to distribution cocfficicnl5 other 
contaminants may be more appropriate. Those situations 
are identified in this iable. 

Cl-36 0 NA 0 0 0 · NA NA NA 1,810 pCi/L NA Excluded Based on ORIGIN2 calculations Ci-36 did not make the 
top S7 activation or fi11 ion product invcntorica from 
rcacU>r generated uranium fuel. Thus, Cl-36 would be 
more than 13 orders ofmacn,itudc Jes, than. C1•l37 
reported values. Therefore, Cl-36 is insillltificonl 

Co-60 865 1988-2006 48 206 659 228 pCi/L 10/24/88 100 pCi/L 100 pCi/L 1.09 µg/L°''I COPC One detected value rcpon<:d above NPDWS. However, 
the value is not con,istcot with lhe other sample results 
from the same well. The result was rcpon&d near the B-5 
reverse well. The most con.sislent elevated 
conc«llrations of Co-60 arc underlying and pro,imal the 
BY cnbs (wells 299-E33-3, -7, -9, -38, and-44). 
Concentrations have ranged up to 78.4 pCi/L but appear 
10 be trending down. 

Cm-244 I 2004 I 0 I NA NA l5pCi/L NA NA Excluded No detected values reported. Cm-244 i, the initial 
ndioouclide in the Cm-244 decay series. Main po=it for 
Pu-240. Cm-244 bas ao 18 year half life. Not considered 
10 have significant invcn10ty based on ORIGIN2 
calculations and relationship with Pu-240. lnvcn10ry 
conoenlrations arc 1.5 onlc:n of magnitude (20X) less at 
IO years and 2.5 ordm of magnitude less at SO years. 
Potential hot spots at B-5 reverse well would be posaibly 
0.1 pCi/L if the Cm-244 wu the only parent for Pu-
239/240. Since Pu-2391240 was derived from the 
rcac10r1, and i• a daughter product of the Cf-25 1 and Cm-
244 decay sen .. any potential hot spots ofCm-244 arc 
considered 10 be orden of magnitude less than .lpCi/L. 

Crn-245 0 NA 0 0 0 NA NA 15 pCi/L NA NA Excluded Cm-245 is a decay product of Cf-249 in the Cf-249 decay 
series. Not considered to have significant invcn10ry 
based on ORIGIN2 calculations and rclation1hip with 
Am-241. Invai10ry concentrations arc S.S orden of 
magnitude less at IO ycan and 6 ordcr.i of magnitude less 
at SO vcars. 

Eu-152 341 1992-2006 28 0 341 NA NA NA 200 pCi/L 12.9 µg/L °''' Excluded No detected values rcpon&d. 
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Table A-1. 200-BP-5 Radionuclide Contaminant Pre]iminAn Screeniniz Decision 
Constituent Total Sample Date Nwnberof Total Total Non- Maximum Date of NPDWS 4mrem Background Retention Comments 

Samples Range Wells Detects Detects Value Maximwn standard Decision 
Sampled< Renorted Detected dose. 

Eu-154 460 1988-2006 30 12 448 12.5 pCi/L 9/23/91 NA 60 pCi/L 8 µg/L O(J) Excluded All dru:clal values n:poncd were befon: 1992. Since 
1992 all 431 result, have been non-<lclect. 

Eu-155 439 1990-2006 42 19 430 10.2 pCi/L 8/1/91 NA 600 pCi/L 2.33 µg/L0 Excluded All detcclal values n:poncd were before 1992. Since 
1992 all 4-05 result, have been non-detect. 

Fr-221 0 NA 0 0 0 NA NA 15pCi/L NA NA Excluded BywociationwithAm-241. Fr-221 iudccayproduct 
of Am-241 in the Cf-249 decay series. Based on 
Balemall equation, daughta product, after U-233 WOl~d 
not gencnie significant in growth for thoUSIDds of ycus. 
Thus, Fr-221 w~d have in.,ignificant concentration.,. 
Based oo ORIGrN2 calcularions Fr-221 did not make the 
!Op 60 actinide product inventories from reactor 
generated uranium fuel. Thus Fr-221 w~d be more than 
JO orden ofmagnilUde less than Am-241 reported 
values. Possible hot q,ot, may be pr,,scnt near the 8-5 
reverse well with com:enntiona < S.61E-8 pCi/L .. 

Fr-223 0 NA 0 0 0 NA NA NA 636 pCi/L NA Excluded By usocialioo with Pu-239 and U-235. Fr-223 is a docay 
product of the natural U-235 decay series u well aa die 
Cf-251, Bk-247, and Cm-243 decay series. Based on 
Bateman equation, daughter prodU<ti after Pa-231 wc,uld 
cot have significant in growth for thousands ofycan. 
According to ORJGJN2 derived valuc:i Fr-223 hu five 
orders of magnitude Jess inventory than U-235. Buei on 
ORJGrN2 and Fr-223 rcl.ationship to U-235 possible hot 
spotS of Fr-223 may be J)TC5Cllt near the B-S rcvcnc well 
with conccnntions of 6.09E-S ..Ci/L. 

1-129 388 1988-2006 49 254 134 9.63 pCi/L 7/23/91 1 pCi/L lpCi/L 0 .95 µg/L0 coc Excccdcd regulalOry ~mill lhn>ulhout OU. 

Pb-209 0 NA 0 0 0 NA NA NA 25,755 NA Excluded By aHociatioo with Am-241 and U-233. Pb-209 is a 

pCi/L decay product of Am-241, Np-237 and U-233 in the Cf-
249 decay series. Based on Bateman equation, daughta 
products aftcr U-233 would not gmcratc significant in 
growth for thousands of years. Based on ORIGIN2 
calculatioos Pb-209 did DOl make the top 60 actinide 
product invcnlOries from reactor gencralal waniwn fud. 
Thus Pb-209 wo~ld be more than 10 orders of111A1Ditudc 
Jess than Am-241 rcporu:d values. Pouiblc bot spoti 
may be prc:sc:nt near the 8-5 reverse well with 
concenntioos < S.61E-8 pCi/L .. 

Pb210 0 NA 0 0 0 NA NA NA I pCi/L NA Excluded By wocialion with U-238 and U-234. Pb-210 is 
associalal with the U-238 natural decay series and Cm-
250, Bk-250 IIOd Cf-250 decay series. Bucd 011 Balcman 
equation, daughter products afia U-234 would not 
general<: equilibrium for approximately 1 million ye&1~. 
According to ORIGIN2 derived invenlO<y, values SO 
year; afitr removal from the reactor, Pb-210 is 5.S onlers 
ofmaanitude less than U-238. 
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Table A-1. 200-BP-S Radionuclide Contaminant Preliminar Screenine: Decision 
Constituent Total Sample Date Number of Total Total Non- Maximum Date of NPDWS 4mrem Background Retention Comments 

Samples Range Wells Detects Detects Value Maximum standard Decision 
Samnled• Reoorted Detected dose. 

Pb-211 0 NA 0 0 0 NA NA NA 10,429 NA Excluded By association with Pu-239 and U-235 . Pl>-211 is a 

pCi/1.. decay product of the natural U-235 decay series as well 
as the Cf-251, Bl:-247, and Cm-243 decay series. Sued 
on Bateman equation, daughlcr products after Pa-231 
would not have significant in growth for thousanda of 
years. According to ORIGIN2 derived values Pb-21 1 has 
3.5 Oldcrs of magnitude less inventory than U-235 . 
Sued on ORIGIN2 and P~21 I relationship to U-235 
posoible hot spots of Pb-21 I may be·pn:sent near the B-5 
reverse well with co=lrations of I .09E-3 nCi/L. 

Pb-212 1 1995 1 0 1 NA NA NA 120 pCi/1.. NA Excluded No detecled values rep011Cd. By usociation with U-236 
and Th-232. P~212 is usoci&ICd with the Th-232 
naanl decay series and the Cm-244 and Cm-248 decay 
series. Based on long half life of U-236 and Th-232 (e.g. 
both over 23 million ycon) there would be insignificmt 
inventory of Pl>-212 for at least a million yean. 
According to ORIGIN2 derived inventory values 10 
years after removal from the reactor P~212 is 2 orders of 
magnitude less than U-236. Afler SO yean P~212 is sti ll 
2 orders of mallllitudc less than U-236. 

Pb-214 I 1995 1 0 I NA NA NA 8,763 pCi/1.. NA Excluded No detecled values rcporu,d. By association with U-238 
and U-234. Pb-214 is usociated with the U-238 natunl 
decay series and Cm-250, Bk-250 and Cf-250 decay 
series. Based on Batanan equation, daughlcr products 
after U-234 would not generate equilibrium for 
approximately I million years. Thus, P~214 would have 
insignificant concentnlions. According to ORIGIN2 
derived inventory, values 50 years &fttr removal from lhe 
rcactor Pb-214 is 5 orders ofm.anitude leu than U-238. 

Nb-93m 0 NA 0 0 0 NA NA NA 10,500 NA Excluded By association with Cs-137. Accocdin& to ORIGIN2 

pCi/L derived inventory values 10 years after removal from the 
reactor ~93m i, S orders of magnitude less than C.. 
137. After SO yean ~93m is 4 orders of magnitude 
less than C..137. Thi, level would indicate a goometric 
average of2.26E-3 pCi/L. Possible hot spots near 8-S 
may approach l . l 6E-l pCi/L. Bued on obtained 
literatures niobium is not considered mobile and should 
ac<ompanyCs-137. 
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Table A-1. 200-BP-5 Radionuclide Contaminant Prelimiru,r, Screenine: Decision 
Constituent Tola! Sample Date Number of Total Total Non- Maximum Date of NPDWS 4mrem Background Retention Comments 

Samples Range Wells Detects Detects Value Maximum standard Decision 
Samnledc Reoortcd Detected dose. 

Np-237 8 2001 -2005 2 0 8 NA NA 15 pCi/L NA NA COPC No detecto:l values reported. By auociatioo with Am-
241. Np-237 is a decay product of Am-241 in the Cf-249 
docay series. Few samples, mainly analyzed for at 8-S 
revcne well 299-E28-23 and 2S. Ocher wells analyud 
for include El8-S, E33-13 and EJJ-38. All reports ue 
non-detect. By association with Am-241. According ro 
ORIGIN2 derivod invcnlOry values 10 yws after 
removal from the rcoctor Np-237 is 3.S order$ of 
magnitude less than Am-241. Aller SO yean Np-237 i, 4 
onlers of magnitude 1 ... than Am-24 1. Thi, level wculd 
indicale • geomeuic average of7.32E,.S pCi/L. Possible 
hot spots near 8-S may approacll S.16E-2 pCi/L. B"'"'1 
on oblained litaatureo nepl>Jnium is coiuidClcd mobile 
and should accompany uranium. Since it is oonsidacd 
mobile it will be retained and analyzed as a COPC. 

NP-239 0 NA 0 0 0 NA NA NA 1,679 pCi/L NA Excluded By association with Am-2~3. Np-239 i, • docay product 
oflhe Cf-251 and Bk-247 decay ,eries, B"'"'1 on 
ORIGIN2 invenwry Np-239 has the same invcn10ry IS 

Am-243. Due 10 the long balflifc for Cm-247, Bk-247 
and Am-243 insi2nifiant in orowth. 

Ni-63 0 NA 0 0 0 NA NA NA 9,493 pCi/L NA Excluded By usocu,tion with Cs-137. Acconlins IO ORIGIN2 
derived invcnwry values 10 ycan after removal from the 
reactor N~l is 5 orders o f magnitude Jess than Ca- 1:.;7, 
Aller SO yun Ni-63m is 4 orders of magnitude less than 
Cs-137. Thi• level would indicat< a g..,.._;.; average of 
2.26E-3 pCi/L. Pouible hot spots ncar 8-S may 
approach 1.16E,. 1 pCi/L. 

Pu-238 356 1987-2005 45 69 287 11.6 pCi/L 8/24/94 15 pCi/L NA 0.532 pCi/L 0 COPC Only concc:ntntions rcpo<t<d above background were at 
the 299-E28-23 and E28-2S wells near the B-S revers,: 
well. Concentrations were reported twice above the site 
background at 299-E28-23 and once above at 299-El:l-
25. No value was rq,o,t,d above the derived rcgulatc,ry 
51a1ldan!. Pu-238 is a decay product ofCm-242 and Am-
242M. Aa:ording 10 ORIGIN2 calculatiom the invcnlOry 
of Pu-238 should be almoot an onlcr of magnillldc less 
than Pu-239/240. This comparison is IO indicalc the 
quantity of Pu-238 vcnus Pu-239/240 generated from 
reactor react.ions. 
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Table A-1. 200-BP-5 Radionuclide Contaminant Preliminan Scrcenin2 Decision 
Constituent Total Sample Date Number of Total Total Non- Maximum Date of NPDWS 4mrem Background Retention Comments 

Samples Range Wells Detects Detects Value Maximum standard Decision 
Sampled• Renoned Detected dose. 

Pu-239/240 298 1987-2005 45 112 186 449 pCi/L 12/18/90 15 pCi/L NA 0.398 pCi/L coc Only cooccnlnltioru n:port.cd above background wen: at 
b(I) lhe 299-E28-23 and E28-2S wells ocar the B-S rcvmc 

well and 299-E33-3 bcnea!h BY cribs. Concenlrllions 
repomd for 299-E28-23 have been above the daivcd 
regulatory limit every time except twice rcccntiy. 
Concentrations are trending down. Concentrations have 
only been reported 7 times above the derived r,:gubuory 
limit in 299-E28-2S. Concentrations arc also ircnding 
down. Concentrations have not been rcponcd at any 
other of the evaluated wells above rcoubtnrv limits. 

Pu-241 0 NA 0 0 0 NA NA NA 80 pCi/L NA COPC Pu-241 is a decay productof Cf-249 and Cm-24S in lhe 
Cf-249 decay series. Contribu!M to Am-241 
oonceolration. Based on ORJGIN2 caloulations and 
relationship with Am-241, Pu-241 has oppn,,irna1ely the 
same inventory from rcact0r reactions. 

Po-210 0 NA 0 0 0 NA NA ISpCi/L NA NA Excluded By association with U-238. Po-210 is usocialed with the 
U-238 natural decay series and Cm-2SO, Bk-2S0 and Cf-
2SO decay series. Bucd on Balcman equation, daughta 
producu aJlcr U-234 would not gc:ncn%<: cquilibriwn for 
approximalely I million years. Thus, Po-210 would have 
insignificant conccnlrations. According to ORIGIN2 
derived invcniory, values SO years after removal from the 
reactor, Po-210 is S.S orders of magnitude less than U-
238. 

Po-214 0 NA 0 0 0 NA NA ISpCi/L NA NA Excluded By IS50Ciation with U-238. Po-214 is usocialed with the 
U-238 natural decay series and Cm-2SO, Bk-2S0 and Cf-
2SO decay series. Based oo Baleman cq~n. daughlcr 
products after U-234 would not gcncnuc equilibrium for 
approxima1ely 1 million years. Thua, Po-214 would have 
insignificant conccnintion•. According to ORIGIN2 
derived inventory, values SO years after removal from the 
reactor Po-214 is S orders ofma,nitudc less than U-238. 

Po-215 0 NA 0 0 0 NA NA 15 pCi/L NA NA Excluded By association with U-23S. Po-21S is associaled widi the 
U-235 natural decay series as well u the Cf-2SI , Bk-247, 
and Cm-243 decay series. Bucd on Ba1emao equation, 
daugbler products aJlcr Pa-231 would not have 
significant in growth for thousands of years. According 
to ORIGIN2 derived inventory values 10 years after 
removal from lhe n:actor Po-21S is 4.S orders of 
magnitude less than U-23S. After SO years Po-215 is 3.S 
ordcn of magniludc less than U-23S. Baaed on 
ORIGIN2 and Po-2 IS ,eJationship to U-23S poa,ible hot 
spots at B-S reverse well would be l.0E-3 pCi/L if in 
arowth has occurred. 

Po-218 0 NA 0 0 0 NA NA 15 pCi/L NA NA Excluded By wociation with U-238. Po-218 i• usocialed with lhe 
U-238 natural decay series and Cm-2S0, Bk-2S0 and Cf-
2SO decay •cries. Based on Bateman eq~. daughter 
products after U-234 would not gc:ncratc equilibrium for 
appr0Jtima1ely I million years. Thus, Po-218 would have 
insi111ificant cooccotntions. Accordina to ORIGIN2 
derived inventory, values SO years after removal from the 
reactor Po-21 8 is S ordcn ofmamitudc less than U-238. 
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Table A-2 . 200-BP-5 Radionuclide Contaminant Prelirninari Screcnin11: Decision 
Constituent Total Sample Date Nwnberof Total Total Non- Maximum Date of NPDWS 4mrem Background Retention Comments 

Samples Range Wells Detects Detects Value Maximum standard Decision 
Sampled' Reported Detected dose. 

K-40 369 1990-2006 32 44 325 275 pCi/L 10/31/91 NA 295 pCi/L 77.3 pCi/L "''' Excluded Most of the results with elevated concentrations an, 

flagged u e~. Several of the results have been 
..-wtNI The mawitv of results on: non-dctcct. 

Pm-147 0 NA 0 0 0 NA NA NA 5,233 pCi/L NA Excluded By associatioo with Cs-137. According to ORIGIN2 
derived invenloly v&lucs 10 yean after remov&l from the 
reactor Pm-147 isapproxirnately 1/3 the Cs-137 
inventory. However, afta SO years Pm-147 is S orders of 
mag,utudc less than Cs-137. This level would indica:c • 
geometric average of2.26E-4 pCi/L Possible hot sp,>ts 
near B-S may approach l.16E-2 pCi/L. 

Pa-231 0 NA 0 0 0 NA NA 15 pCi/L NA NA Excluded By llSIOCiation with U-235. Pa-231 is &S10Ciatcd with the 
U-235 natural decay series u well u the Cf-251, Bk-247, 
and Cm-243 decay series. According to ORIGIN2 
derived inventory v&l\lCS Pa-231 ii 3 orden of magniwdc 
less than U-235 SO years after being removed from the 
reactor. Based oo ORIGIN2 and Pa-231 relationship ID 

U-235 ponible hot spots of Pa-231 may be present near 
the B-S reverse well with concentrations of 6.09E-3 
pCi/L. 

Pa-234 0 NA 0 0 0 NA NA 15 pCi/L NA NA Excluded By association with U-238 and Pa-234m. Pa-234 is 
auociatcd with the U-238 natural decay aeries and On-
250, Bk-250 and Cf-250 decay series. Based oo decay 
raks Pa-234 is generated by less than I¼ of the Pa-234m 
decay. According 10 ORJGIN2 daivcd inventory, P,-
234 values lll'C approximately 3 ordcn ofmag,utudc less 
than U-238 SO years afler removal from the n:octoc. 

Pa-234m 0 NA 0 0 0 NA NA NA 2,536 NA COPC By association with U-238. Pa-234m ii uaociatcd with 

pCifL• the U-238 natural decay series and Cm-2SO, Bk-2SO nnd 
Cf-2S0 decay series. According IO ORIGIN2 derived 
invenlOry, Pa-234m v&lue, are the same as U-238 SO 
years afler removal from the reactoc. To be dt1Cnnin:d 
by calculation from U-238 renorta:1 analyae,. 

Ra-223 0 NA 0 0 0 NA NA 15 pCi/L NA NA Excluded By associllion with Pu-239 and U-23S. Ra-223 is a 
decay product of the natural U-235 decay series as w,,U 
as the Cf-2SI , Bk-247, and Cm-243 decay series. Based 
on Bateman equation, daughter products afler Pa-231 
would not have ,ignificant in growth for thousand• of 
y..,., According to ORIGIN2 derived values Ra-22:1 has 
3.S orders of magnitude less inventory than U-23S . 
Based on ORIGIN2 and Ra-223 relationship to U-23:i 
poi>,ble bot ,pou ofRa-223 may be presc:nt near the B-S 
reverse well with cooccntration, of I .09E-3 nCi/L. 

A-23/A-24 
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Table A-1. 200-BP-5 Radionuclide Contaminant Preliminar, Screenin11; Decision 
Constituent Total Sample Date Number of Total Total Non- Maximum Date of NPDWS 4mrcm Background Retcotioo Comments 

Samples Range Wells Detects Detects Value Maximum standard Decision 
Samoled" Rennned Detected dose. 

Ra-224 0 NA 0 0 0 NA NA 15 pCi/L NA NA Excluded By association with U-236 and Th-232. Ra-224 is 
auocia~ with the Th-232 naiural decay series and the 
Cm-244 and Cm-248 decay series. Basod on long half 
life ofU-236 and Th-232 (e.g. both over 23 million 
yean) and 1hc: shon half life ofRa-224 (3.7 days) 11,cn, 

would be inaignificant inventory ofRa-224 for at least a 
million yean. According to ORIGIN2 derived inventory 
values 10 yean after removal from the rclCIOr Ra-224 is 
2 onion of magnillldc !en than U-236. After 50 yean 
Ra-224 is still 2 onion ofmaanillldc less than U-236. 

Ra-225 0 NA 0 0 0 NA NA NA 14 pCi/L NA Excluded By association with Am-241. Ra-225 i, a decay product 
of Am-241 in thc Cf-249 decay 5Crics. Basod on 
B...,man equation, daughter producu after U-233 would 
not gcncntc significant in growth for thou,ands of yean. 
Th"5, Ra-225 would have insignificant conccntntions. 
Based on ORJGIN2 calculations Ra-225 did not make the 
top 60 actinide product inventories from reactor 
gcncnlod uraniwn fuel. Thus Ra-221 would be roorc 
than 10 onion of mqnitudc less than Arn-241 reported 
values. POGiblc hot spots may be present near the B-S 
rcvc:nc: well with conccntralions < 5 .6 I E-8 pCi/L .. 

Ra-226 87 1991-1995 14 2 85 0.37 pCi/L 3/27/91 5' pCi/L NA 18.2 pCi/L °''' Excluded No dd<ctcd values reporlcd. By associalion with U-238. 
Ra-226 i> associatcd with the U-238 natural decay series 
and Cm-250, Bk-250 and Cf-250 decay series. Based on 
Bateman equation, daughter producu after U-234 would 
not generate equilibrium for appro~imalely I million 
yean. Thus, Ra-226 would have insignificant 
concentralions. According to ORIGIN2 derived 
inventory, values 50 years after removal from the reactor. 
Ra-226 is 5 order> of maimitude Jes, than U-238. 

Ra-228 17 1991-1995 13 0 17 NA NA 5'pCi/L NA 32.3 pCi/L °''' Excluded No dctcctcd values reporlcd. By association with U-236 
and Th-232. Ra-228 is associa~ with the Th-232 
natural decay scri01 and the Crn-244 and Cm-248 decay 
series. Based on long half life ofU-236 and Th-232 (e.g. 
both over 23 million years) there would be insignificant 
invelllOry of Ra-228 foe at lout a miUion yC111. 
According to ORJGIN2 Ra-228 did not make the top 
constituent invcn•~ for activation fission or actinides. 

A-25/A-26 
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Table A-1. 200-BP-5 Radionuclide Contaminant Preliminan ScreeninQ Decision 

Constituent Total Sample Date Number of Total Total Non- Maximum Date o f NPDWS 4mrem Background Retention Comments 
Samples Range Wells Detects Detects Value Maximum standard Decision 

Sampled" Renorted Detected dose. 
Rn-220 0 NA 0 0 0 NA NA 15pCi/L NA NA Excluded By association with U-236 and Th-232. Rn-220 is 

associalCd with the Th-232 natural decay series and lbc 
Cm-244 and Cm-2•8 decay series. Bucci oo long half 
life ofU-236 and Th-232 (e.g. both over 23 million 
years) there would be insignificaol invcn!Dry of Rn-220 
for al leut a million years. According to ORIGIN2 
derived invcniory values JO years atlc:r removal from the 
reoclOr Rn-220 is 2 orders ofmsgnitude less thao U-236. 
After 50 years Rn-220 is still 2 ord<rs of magnitude l.ss 
than U-236. Rn-220 is 6 orders of mqnitudc leas thul 
Am-2• I initial invcniory. This comparill01l is IO indicatc 
the low quantity ofRn-220 vcnus Am-2•1 gcneralCd 
from reactor reactions. 

Rh-106 0 NA 0 0 0 NA NA NA 8,51 I pCi/L NA Excluded By association with Ru-106 (e.g. Half life< 3 years). 
Not a daughter product of uranium decay chain. 

Ru-106 694 1991-2006 37 54 640 316pCi/L 9 /3/92 NA 30pCi/L 1.63 pCi/L b(IJ Excluded Since 1995 269 of the 270 results have been non-dct«:L 
The ooly detectable value reported was 17. I pCi/L, which 
is below daival 4 mn:m regulatory dose ,landard. Sued 
on th.is infonnation concenuadons appear U> have 
decayed to insignificant values. Not a daughter product 
of the uranium decay chain. 

Sm- 151 0 NA 0 0 0 NA NA NA l,OOOpCi/L NA Excluded By association with Cs-137. According to ORlGIN2 
derived inventory v.iucs 10 yean after removal from the 
reactor Sm-151 i• appro,imately 2 onicrs ofmsgnitudc 
lcs, than the Cs-137 invcnlOry. Aller 50 years Sm-151 is 
still approximaldy 2 onlcn of magnitude less than C>-
13 7. Th.is level would indicate a geometric average of 
2.26E-2 pCi/L. Possible hot spots near B-5 may 
annroacb l.16E+ l nCi/L. 

Se-79 0 NA 0 0 0 NA NA NA 630 pCi/L NA Excluded By associalino with c,-137. According IO ORJGIN2 
derived invcnlOry values 10 years after removal from the 
reocior Se-79 is approximalely 6.5 ordcn of magnitude 
less than the Cs-137 invcniory. After 50 yean Se-79 is 
approximately 5 onion ofmsgniludc less thao C..137. 
This level would indicate a geometric average of2.26E-6 
pCi/1.. Possible houpots near B-5 may approadl l.16E-
3 pCi/L. 

Sr-90 508 1988-2006 45 108 400 1200 pCi/L 4/5/01 8 pCi/L 8 pCi/L 1.03 pCi/L D coc Three wells reported values above derived regulatory 
levels. The values were from 299-E28-23, E28-25 and 
299-E28-7 loca1Cd 3, 20 and 61 feet liom tbe B-5 reverse 
well, respectively. 

Tc-99 972 1988-2006 50 863 109 16,100 5/ 15/06 900pCi/L 900 pCi/L 0 .83 pCi/L D coc Nine wells reporlCd values above dcrived regulaiory 

pCi/L 
level,. The values were from the B and C complcxe,. 
The highest coocentrations originate benealh the BY 
cirbs. A new high coocentration (42,900 pCi/1..) has 
recently been reporlCd at 299-E33-4 beneath BY cribs. 
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Table A-1. 200-BP-5 Radionuclide Contaminant Preliminar, Screeninl! Decision 
Constituent Total Sample Date Number of Total Total Non- Maximum Date of NPDWS 4mrem Background Retention Comments 

Samples Range Wells Detects Detects Value Maximum standard Decision 
Samoled' Renorted Detected dose. 

Tl-207 0 NA 0 0 0 NA NA NA 1,631 NA Excluded By ... ociation with Pu-239 and U-235. TJ-207 is a decay 

pCi/L•• product of the natural U-235 decay ,cries .. well as the 
Cf-25 1, Bk-247, and Cm-243 decay ,cries. Based on 
Bateman equatiOD, daughter products after Pa-231 would 
not have significant in growth for thousand., of y,:an. 
According to ORIGIN2 derived value., Tl-207 bas 3.5 
orden of magnitude: less inventory than U-235. Based on 
ORIGIN2 and 11-207 relationship to U-235 possible hot 
spots ofTl-207 may be present near the B-5 revcne well 
with conca:nnticns of l .09E-3 nCi/L. 

Tb-227 0 NA 0 0 0 NA NA 15 pCi/L NA NA Excluded By wociatioo with Pu-239 and U-235. Th-227 is a 
decay product of the natunl U-235 decay series as well 
as the Cf-251 , Bk-247, and Cm-243 decay ,cries. Based 
on Bateman equation, daughter products after Pa-231 
would not have significant in growth for thousands of 
years. Acconling to ORIGIN2 derived values Th-227 has 
3.5 orders of magnitude less inventory than U-235. 
Based oo ORJGIN2 and Tb-227 rclation.,hip to U-235 
pcmiblc hot ,pocs ofTh-227 may be pRscot near the B-5 
reverse well with ccnccntrations of I .09E-3 oCi/L. 

Tb-229 0 NA 0 0 0 NA NA 15 pCi/L NA NA Excluded By aasociatioo with Am-24 1. Tb-229 is a decay product 
of Am-241 in the Cf-249 decay series. Based on 
Balemall cquatiOD, daughter products after U-233 would 
oo< gencnu: significaot in growth for thousands of years. 
Thus, Th-229 would have insignificant conccnuations. 
Based on ORIGIN2 calculations Th-229 did not make the 
top 60 actinide product inventories from reactor 
gencnted uranium fuel. Thus Th-229 would be rnon: 
than 10 orders of magnitude less than Am-241 reported 
values. Possible hot spocs may be present near the B-5 
revcnc: well with concentrati<XIS < 5.61 E-8 nCi/L .. 

Th-230 0 NA 0 0 0 NA NA 15 pCi/L NA NA Excluded By aslOCiation with U-238. Th-230 is associaled with the 
U-238 natural decay oeries and Cm-250, Bk-250 and Cf-
250 decay saies. Based on Bateman equation, daughter 
products after U-234 would not generate equilibrium for 
approximately I million years. Thus, Tb-230 would have 
insignificant CODCCrltJatioos. According to ORIGIN2 
derived invento<y, values 50 years after remcval from the 
reactor Th-230 is 3 orders of ~•=itude leH than U-238. 

Th-231 0 NA 0 0 0 NA NA NA 4,057 pCi/L NA COPC By association with P\1-239 and U-235. Th-231 is • 
decay product of the natural U-235 decay series u well 
as the Cf-251 , Bk-247, and Cm-243 decay series. 
Accooling to ORIGIN2 derived values Tb-231 bas 
appro.imately the same inventory as U-235. Tb-231 will 
be calculatcd based on U-235 anal.,;,.al anal-. 

Th-232 27 1992-1994 14 I 26 50 pCi/L 10/13/94 15 pCi/L NA NA COPC One value reported above NPDWS. Limited amount of 
wnple results. Tb-232 is associated with the Cm-244 
and Cm-248 decav ,cries. 
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Table A-1 . 200-BP-5 Radionuclide Contaminant Preliminan Screenin2 Decision 
Constituent Total Sample Date Number of Total Total Non- Maximum Date of NPDWS 4mrcm Background Retention Comments 

Samples Range Wells Detects Detects Value Maximum standard Decision 
Samoled0 Renorted Detected dose. 

Th-234 11 1992 10 0 11 NA NA NA 401 pCi/L NA COPC No dctcctcd values reported. By as,ociation with U-:!38. 
Th-234 is associa&ed with the U-238 nalUral decay series 
and Cm-250, Bk-250 and Cf-25-0 decay series. 
According ID ORIGIN2 derived invcnrory, Th-234 is 
oouivalcnt ID U-238. 

Tritium 1343 1988-2006 54 1261 82 4,820,000 7/26/88 20,000 20,000 0.83 pCi/L "''' coc The higbcll conccnlration is significanOy inconsistt:nt 
pCi/L pCi/L with the other concentrations from this well. Most oflhc 

conccnlratioo.s exceeding standards were along the 
wcstcm side of 200 East, beneath 216-8-62 cnl, and 218-
E.--10 burial ground. However, conccotntioos have 
declined since the mid 1990's and no looser exceed 
standards. One other mu where conccnlralions sligh0y 
exceed standards is west of216-B-SO and 216-8-57. 
Concentrations arc rising in wcll 299--E33-26 and ha,c 
rccentlv cxcccdcd standards. 

U-233 I 1994 1 1 0 1.5 pCi/L 8/30/1994 NA 20 pCi/L 0.849 pCi/L 0 COPC By uaociation with uranium metal concentrations. 

U-234 1 1994 1 1 0 1.5 pCi/L 8/30/1994 NA 20 pCi/L 0.849 pCi/L 0 COPC By association with unnium metal concentrations. 

U-235 34 1988-2004 10 21 13 6.09 pCi/L 4/5/01 NA 20 pCi/L 0.00 pCi/L' COPC By auociation with unnium metal concentrations. 

U-238 33 1988-2004 9 32 I 73 .1 pCi/L 4/5/01 NA 20 pCi/L 0.00 pCi/L 0 COPC By association with uranium metal concentrations. 

Y-90 0 NA 0 0 0 NA NA NA 510 pCi/L NA COPC By association with Sr•90, According IO ORIGIN2 
derived inventory values Y ~90 has the same inventory as 
Sr-90. This constituent would he associ&tcd with lhc 
same :uus &S identified for Sr-90. 

Zn-65 110 1990-1993 24 13 97 32.8 pCi/L 1/8/91 NA 300 pCi/L NA Excluded No valu .. rcporu:d llbove derived regulatory ,tandards. 
Highest concentration not consiitml with other sample 
reiU.lts from same well Next highest concentration ~ .89 
oCi/L. 

Zr-93 0 NA 0 0 0 NA NA NA NA NA Excluded By association with Zr-95and Cs-137. According ID 
ORIGIN2 derived invcnlDry Zr-93 did not make the lop 
57 fission product inventories from reactor generated 
uranium fuel. Derived value, SO years after removal 
from the reactor Zr-93 is more than 20 orders of 
ma2nitudc lc11 th&n Cs-137. 

Zr-95 58 1991-1993 12 0 58 NA NA NA NA NA Excluded No dctcc1-Cd values reported. 

• Hanford Site Groundwater Background (DOE/RL-92-23) • - Calculated from Pa-234. An effective dose was not available for the metastable isotope. 
b Hanford Site Background: Part 3, Groundwater Background (DOFJRL-96-61) 
b(l) Hanford Site Background: Part 3, Groundwater Background (DOE/RL-96--01) geometric mean used in place of 9011, percentile. 
'Wells sampled by PNNL for Groundwater Monitoring for Environmental Surveillance. 
4 MCL is 5 pCi/L for the combination of Ra-226 and Ra228. 
• MCL is based on a combination of dose from these radiwn constituents. 
NA - No Applicable/value not derived 
NPDWS - National Primary Drinking Water Standard. 
SOWS - Secondary Drinking Water Standard. 
µg/L - micrograms per liter. 

•• - Calculated from Tl-204. An effective dose was not available for the Tl-207. 
••• - Calculated using the average effective dose equivalent from Ba-1 35m and Ba-139. 
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Table A-2. 200-BP-5 Anion Contaminant Preliminary Screening Decision 

Constituent Total Sample Date Number of Total Total Non· Maximum Date of NDWS WAC 173- SDWS Background Retention Comments 
Samples Range Wells Detects Detects Value Maximum 340-720 Decision 

Samnled' Renorted Detected MethodB 
Ammonium 290 1987-1994 32 57 233 1190 µw'l, 12/27/88 NA NA NA 120 µw'l, ' Excluded 3 wells significantly above 

background. These values 
were identified in wells 299-
E28-1 8, E28·26 and E32·2 
located near the 216-13-62 and 
218-E- l O burial ground. The 
values wc:rc: reported in the 
late 1980's and early 1990's. 
Concentration trended down 
after these high concentrations 
wen: reported. Although there 
is no current sWldard. for 
ammoniwn, nitrogen 
concenrration, from 
ammoniwn were evaluated 
against nitrate. The equivalent 
nitrogen for ammonium would 
be 2.307 ue/L. 

Bromide 401 1989-1997 37 72 329 230 ul!/L 11/6/95 NA NA NA 151 111>/I 
0 Excluded Consistmt with background. 

Chloride 1442 1982-2006 53 1442 0 356,000 IOn/02 NA NA 250,000 28,500 COPC 4 well were significanUy 

µw'l, µw'l, µw'l,. above background. The wells 
were identified aa 299-E28-8, 
E33-7 and E33·9 and El4•7. 
The well 299-E28·8 is not 
consistent with other results . 
The other three wells show 
trends. Well, 299-E33• 7 i, 
beneath the BY cribs, 299-
E33-9 beneath the BY tank 
farm, and 299-E34-7 benealb 
the 2 I 8-E-8 burial ground. 
The concentrations at 299-
E34--7 exceeded the SDWS in 
2002 and 2003. Since that 
time the concentrations have 
lmldcd down ID 193,000 
ul!/L. 

Cyanide 827 1987-2006 51 181 646 599 µw'l, 11 /16/05 200 µw'l, 320 µw'l, NA 9.52 µg/L0 COC 2 wells reported above 
NPDWS. Both wells are 
beneath the BY cribs (299· 
E33.3 and 299-E33-7). 
Concentrations in 299-E33-7 
are tn,nding up. 

Fluoride 1462 1982-2006 52 1267 195 1700 µw'l, 4/3/91 NA 960 µw'l, 2,000 µw'l, 1298 µw'l,0 Excluded Only one report was 
significantly above 
background. That rq>Ol1ed 
value was not COtliistent with 
the other rcsuhs from that 
well. All other results were 
below bacmound levels. 
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Table A-2. 200-BP-5 Anion Contaminant Prcliminarv Screeninp; Decision 
Constituent Total Sample Date Number of Total Total Non-

Samples Range Wells Detects Detects 
SamDled' 

Constituent Total Sample Date Nwnberof Total Total Non-
Samples Range Wells Detects Detects 

Samnled' 
Nitrate 1607 1987-2006 54 1583 24 

Nitrite 1293 1987-2006 40 36 1257 

Phosphate 599 1987-1997 38 4 595 

Silicon 163 1989-1995 28 163 0 

Sulfate 1445 1982-2006 53 1444 1 

Sulfide 28 1988-1990 19 0 28 
'Hanford Site Groundwater Background (DOE/RL-92-23) 
b Hanford Site Background: Part 3, Groundwater Background (OOE/RL-96-61) 
' Wells sampled by PNNL for Groundwater Monitoring for Environmental Surveillance. 

Maximum Date of NDWS WAC 173- sows 
Value Maximwn 340-720 
Rennrted Detected MethodB 
Maximum Date of NDWS WAC 173- sows 
Value Maximum 340-720 
Renorted Detected Method B 
1,080,000 5115106 10,000 µg/L 25,600 µg/L NA 
µg/L 

4,270 µg/L 12/1 5/03 1,000 µg/L 1,600 µg/L NA 

250 µg/L 7/8/91 NA NA NA 

28,000 519195 NA NA NA 

671,000 4/3/03 NA NA 250,000 
µg/L µg/L 

NA NA NA NA NA 
NA - No Applicable/value not denved 
NPDWS - National Primary Drinking Water Standard. 
SDWS - Secondary Drinking Water Standard. 

A-35/A-36 

Background Retention Comments 
Decision 

Background Retention Comments 
Decision 

12,400 coc All wells rcponcd above 

µg/L• NPDWS except tho,e near 
216-B-3 (B Pond). 

130 µg/L• COPC 3 wells rcponcd above 
NPDWS. However, two wells 
considcml suspect The olh<r 
well contained the analy,,, in 
the QC blllllk. Th: majority of 
the no flagged =Its were in 
the late 1990's oear BY tank 
farm well 299-EJJ-9 and 299-
E33-8. 

184 µg/L• Excluded Only two results were rcponcd 
above backgrowul. Both 
rc,ults were not consistent 
with the other nondetcct 
rcsulu. In addition, both 
report«! results were the 
nondctect values r,:port<d 
prior 10 and after. Finally the 
report«! rcsults were from lhc 
samcdav. 

26,500 Excluded Consistent with background. 

ul!/L• 
54,950 coc One well ~ above 
µg/Lb SOWS. The well (299-E34-7) 

is located next 10 the 218-B-8 
burial ground. C.Oncmtrations 
have remained high over the 
past S years. Other area, 
ranging from half 10 just 
below the SOWS arc B Plan~ 
216-B-62, C Farm, BY Fann 
and BY cribs. 

2.35 ul!/L0 Excluded No rcponcd valua. 

µg/L - micrograms per hter. 
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Table A-3 . 200-BP-5 Metal Contaminant Preliminarv Screeninl! Decision 
Constituent Total Sample Date Number of Total Total Non- Maximum Date of NPDWS WAC 173- sows Background Retention Comments 

Samples Range Wells Detects Detects Value Maximum 340-720 Decision 
Samoled" Renorted Detected MethodB 

Aluminum 1439 1987-2005 51 476 963 2500 µg/L 9/12/94 NA NA 50 - 200 11.7 µg/L0 COPC 16 wells rcponcd above 

µg/L SOWS. Eleva~ 
concentrations reported in 
80's and early 90's. 'lbae 
past values do not reflect the 
mon: ~ent results which 
generally are non-<lcl<ct or 
QC flagged with values 
below I 00 µg/L. 

Antimony 1734 1987-2006 51 32 1702 88.3 µg/L 12/15/99 6 µg/L 6.4 µg/L NA 69.8 µg/L 0 COPC 13 wells rcponcd above 
NJ>OWS. Mo,t reponcd 
values were flagged as the 
concentration was reported 
below contract rcquira! 
detection limits , however, 
above MDL. Most of lhe 
elcvaLCd valuer arc near the 
216-E-I0 and E-12 burial 
grounds. 

Arsenic 798 1988-2006 48 267 531 18 µg/L 6/5/92 10 µg/L .0583 µg/L NA 11.8 µg/L 0 COPC Two wells (299-E27-16 and 
299-EJJ-36) reported above 
NJ>DWS. The wells have not 
been wnpled since 1994. 
The wells are loca~ near the 
216-B-63 a-ench. 

Barium 1747 1987-2006 51 1745 30 149 µg/L 5/4/05 2,000 µg/L 3,200 µg/L NA 68.5 µg/L• Excluded No rcportS above regulatory 
limits. 

Beryllium 1734 1987-2006 51 183 1551 6µg/L 3/14/89 4 µg/L 32 µg/L NA 3.38 µg/L0 Excluded One value was rcponcd above 
the NPDWS. This value was 
flagged as suspect and is not 
consistent with the other 
sample results for this well. 
The next highest result wu 3 
ll&"L- Tbi1 result was flagged 
as the QC was outside the 
limits. The next highc$l value 
wu 1.9 which although 
flagged is an accq,table value. 
The flag wu that the rcporu:d 
value wu below contract. lab 
rcquirm>ents but above the 
MDL. 

A-37/A-38 
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Table A-3. 200-BP-5 Metal Contaminant Prclimin~rv Screenin11 Decision 
Constituent Total Sample Date Number of Total Total Non- Maximum Date of NPDWS WAC 173- SDWS Background Retention Comments 

Samples Range Wells Detects Detects Value Maximum 340-720 Decision 
Samnle<f Reoorted Detected MethodB 

Bismuth 0 NA 0 0 0 NA NA NA NA NA <5 42 µg/L' Excluded No groundwater data. Molilly 
insoluble with a high ,orplion 
capacity. Only vtty slightly 
soluble u a mooo sulfide and 
citntc. Bismuth wbnitntc, 
subcarbonale and 
subsalicylatc are used in 
medicine. Recommended 
Dieta,y Allowance / Intake 
(RDA / RD!) 2mcg - 30mcg. 
Therapeutic lunge 50mcg -
S2Smg+. 

Boron 148 1989-1991 30 146 2 185 µg/L 3/16/89 NA 1440 µg/L NA 42.3 µg/L° Excluded No rcpo<ta above n:gulatory 
limits. 

Cadmium 1743 1987-2006 51 42 1701 9.2 µg/L 2/1/93 5 µg/L 8.0 µg/L NA 1.29 µg/L 0 COPC Seva-al wells n:pomd with 
values above NPDWS. 
However, results were not 
consistent with other resulu 
from these same well, . All 
clcvaied concentralioaa were 
~ported prior to mid 1990', 
except =ult at 299-£33-7 in 
1999 (5.41'81L)- Samples 
prior to 199S wen: not alwa)'I 
filtered. Concentrations in all 
wells have been <S l'8IL since 
1999 and reported with a QC 
flags. 

A-39/A-40 
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Table A-3. 200-BP-5 Metal Contaminant Preliminarv Screenin2 Decision 
Constituent Total Sample Date Number of Total Total Non- Maximum Date of NPDWS WAC 173- sows Background Retention Comments 

Samples Range Wells Detects Detects Value Maximum 340-720 Decision 
SamDled' Renorted Detected MethodB 

Calcium 1769 1987-2006 51 1765 4 341,000 11/16/05 NA NA NA 58,389 Excluded Several well, with 
µg/L µg/Lb conccntrationli over 2 time's 

background. Elevated 
conccn!Dtions reported 
mainly in wells 299-E33-3, 
E33-7, E33-9 and E34-7, 
bcncalh the By cribs and the 
216-E-12 burial ground. Also 
rcportcd values u,: ln:nding 
up at C Farm, 299-E27-14. 
Calcium is required for the 
body. Supplement of 500 
mg/day and mor,,, depending 
on age, arc recommended for 
today', diet. 

Colllitituc:nt Total Sample Date Number of Total Total Non- Maximum Date of NPDWS WAC 173- SDWS Bacl<ground Retention Comments 
Samples Range Wells Detects Detects Value Maximum 340-720 Decision 

SamDled' Renorted Detected MethodB 
Chromium 1747 1987-2006 51 909 838 420 µg/L 7/30/93 100 µg/L 24,000 µg/L NA 3.17 µg/L• COPC 20 wells rcportcd above 

NPDWS. However, elevated 
concentrations were reported 
prior to 1995 and were 
unfiltered ,amples. The 
highest rosult of filter«! 
samples is at299-E33-18 
{59.5 µg/L). Thi, value may 
CJ<cccd Ibo Chromium +6 
limit 1bc only arcu were 
chromium appcan to be 
elevated is the north side of B 
Lanlr fMm and BY cribs. 

Cobalt 1261 1989-2005 40 36 1225 20 µg/L 4/22/93 NA 320 µg/L NA 1.29 µg/L• Excluded No rcpons obove regulatory 
limits. 

Copper 1747 1987-2005 40 252 1495 93 µg/L 2/11/97 1,300 µg/L 592 µg/L NA 1.04 µg/L• Excluded No rcpons obove regulatory 
limits. 

A-41/A-42 
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Table A-3. 200-BP-5 Metal Contaminant Preliminarv Screenine: Decision 
Constituent Total Sample Date Number of Total Total Non- Maximum Date of NPDWS WAC 173- sows Background Retention Comments 

Samples Range Wells Detects Detects Value Maximum 340-720 Decision 
Sampled• Rel>Orted Detected MethodB 

Iron 1769 1982-2006 51 1297 472 23,000 µg/L 1/9/90 NA NA 300 µg/L 1104 µg/1..0 COPC Several time SDWS. 
However, elevated 
concentrations were rcponcd 
for unfillatd sample<. When 
reviewing the filtaod data 
only 6 wells have a maximwn 
exceeding the SDWS. The 
wells arc 299-E32-4, E33-3, 
E33-7, E33-8, E33-9 and E33-
28. The highest is E32-4 at 
1,1 60 µg/L. 

Lanthanum NA NA NA NA Excluded No groundwater data. 
Lanthanum bu various 
soluble compounds in cold 
water. Most likely 
compounds for associated 
Haoford waste would be 
Lanthanum chloride, chloride 
hcptahydralc and nilllllc. 
Lan<hanwn chloride is used 
for lrcatmcnt of pho1pbau: in 
swimming J)OOl. Lanthanum 
is not absorbed orally. 
Lanthanum is also taken 
orally for digestive problem., . 

Constituent Total Sample Date Nwnberof Total Total Non- Maximum Date of NPDWS WAC 173- sows Background Retention Comments 
Samples Range Wells Detects Detects Value Maximum 340-720 Decision 

Sampled' Renorted Detected MethodB 
Lead 1219 1982-2005 69 1150 911 49 µg/L 5/19/82 15 µg/L NA NA 1.3 µg/L" Excluded 7 wells reported above 

NPDWS, however, all values 
reported prior to 1995 and 
were either uc.filtcrcd or value 
was not consistent with 
duplicatc. No values rcponcd 
above n:guJauxy values in 
past 10 years. 

Lithium 138 1989-1990 25 0 138 NA NA NA 320 µg/L NA 13,279 Excluded No groundwater deleetcd 

µg!L' values. 

A-43/A-44 
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Table A-3. 200-BP-5 Metal Contaminant Preliminarv Screenin2 Decision 
Constituent Total Sample Date Number of Total Total Non- Maximum Date of NPDWS WAC 173- sows Background Retention Comments 

Samples Range Wells Detects Detects Value Maximum 340-720 Decision 
Sampledc Renorted Detected MethodB 

Magnesium 1767 1982-2006 51 1653 114 48,100 µg/L 11116/05 NA NA NA 31 ,051 Excluded Significantly exceeds 
µg/Lb background al 299-E34-7. 

Exceed> background at BY 
cribs aod BY Tank Farm. 
Magnesium is required for the 
body and ,uppkmcnt of JSO 
mg/day for variOUli rcuons 
arc often recommended for 
tOday's dicll. 

Manganese 1765 1982-2006 SJ 1039 726 1430 µg/L 1/9/90 NA 2,240 µg/L 50 µg/L 163.5 µg/L" Excluded Three results significantly 
excccdcd background and 
SOWS. However, lhesc 
values were not fill<:N:d. All 
the filtered results were 
rq>OrlCd below background 
except one. The one result 
wu not coosistait with all the 
other samples from lhc sample 
well. Appcan that lhe result 
may bavc been entered 
improperly. 

Mercury 1321 1987-2005 44 65 1256 37.3 µg/L 10/2/92 2 µg/L 4.8 µg/L NA 0.006 µg/L0 Excluded Two rcpons acceded the 
rqiulaloty limitJ. However, 
duplicate result> for both of 
these samples were non• 
dctccl In addition, lhe 
elevated results wc:rc not 
consistt:nt wilh any Olhcr 
sample: results from the two 
wells. The next highe,r result 
was n:ported as 0.42 µg/L on 
1/22192 in well 299-E33-7. 
The result was below 
regulatory limitJ. 

Constituent To!Al Sample Date Number of Total Total Non- Maximum Date of NPDWS WAC 173- SDWS Background Retention Comments 
Samples Range Wells Detects Detects Value Maximum 340-720 Decision 

Sampled' Rennned Detected MethodB 
Nickel 1676 1982-2006 51 496 1180 710 µg/L 7/30/93 NA 320 µg/L NA 1.98 µg/L0 Excluded Two results above regulatory 

limits. However, lhe results 
were not filtered and not 
conaistent with duplicatcs. 
The highest filtered result was 
119 µg/L, which is below 
regulatory limill. 

A-45/A-46 
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Table A-3. 200-BP-5 Metal Contaminant PreJimirum, Scrccnin2 Decision 
Constituent Total Sample Date Number of Total Total Non- Maximum Date of NPDWS WAC 173- SDWS Background Retention Comments 

Samples Range WeJJs Detects Detects Value Maximum 340-720 Decision 
Sampled" Reoorted Detected MethodB 

Potassium 1763 1982-2006 51 1752 II 19,200 µg/L 10/3/03 NA NA NA 11,089 Excluded Consistent wilh background. 

µg/Lb No regulatory driver. 

Phosphorous 0 NA 0 0 0 NA NA NA NA NA NA Excluded Evaluated through phosphate 
a degradation product of 
phosphorous. 

Selenium 891 1987-1996 45 160 731 82.3 µg/L 8/30/94 50 µg/L 80 µg/L NA <5 µg/L' Excluded Two value, rcportc:d above 
NPDWS. However, duplicate 
values were not within c;ontrol 
limits. In addition, anolhcr 
duplicates set from one of lhe 
wells were reported as non-
detect Bolh elevated results 
were analyzed on the same 
day. The next highest 
reported value was 8.6 Jts'L at 
well 299-E34-2 on S/13/96. 

Silver 1716 1987-2006 51 70 1646 12.1 µg/L 8/24/92 NA 80 µg/L JOO µg/L 5.98 µg/L' Excluded No reports above regulatory 
limits . 

Sodium 1762 1988-2006 so 1761 I 209,000 4/28/06 NA NA NA 32,919 COPC Significantly exceeds 

µg/L µg/Lb baclcground al 3 wells located 
beneath the BY Tank Fann 
and BY cribs. Brackish water 
is equivalent to 250 mg/L 
based on seawater 
concentrations. Sec http://en. 
wiltipcdia.org/wiki/seawatcr. 

Strontium 1011 1985-2006 49 984 27 1650 µg/L 4/8/02 NA 9,600 µg/L NA 396 µg/L' Excluded No reports above regulatory 
limits. 

TbaJJiwn 317 1988-1996 35 s 312 4.9 µg/L 5/13/96 2 µg/L 1.12 µg/L NA 1.87 µg/L' COPC 2 wells reported above 
NPDWS. However, one 
result the duplicate was 
rq,omd as non-dclecl The 
well identified with detected 
results is 299-E34-2. 

Constituent Total Sample Date Number of Total Total Non- Maximum Date of NPDWS WAC 173- SDWS Background Retention Comments 
Samples Range WeJJs Detects Detects Value Maximum 340-720 Decision 

Samoled" Rennrtcd Detected MethodB 
Titanium 138 1989-1990 25 1 137 104 µg/L 9/6/89 NA 64,000 µg/L NA 30 µg/L' Excluded No reports above regulatory 

limits. 

Uranium 1135 1988-2006 SI 1126 9 785 ua/1 3/ 15/06 30 ua/1_ 48 ul!IL NA 9.85 Uafl b coc Reported above limits. 

Vanadium 1747 1985-2006 51 1369 378 75.4 µg/L 5/23/91 NA 112 µg/L NA 19.3 µg/L0 Excluded No reports above regulatory 
limits. 

A-47/A-48 
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Table A-3. 200-BP-5 Metal Contaminant Preliminarv Screenin11: Decision 
Constituent Total Sample Date Number of Total Total Non-

Samples Range Wells Detects Detects 
Sampled' 

Zinc 1747 1982-2006 51 886 861 

'Hanford Site Grouoowatcr Background (DOE/RL-92-23) 
b Hanford Site Background: Part 3, Groundwater Background (DOE/RL-96-61) 
'Wells sampled by PNNL for Groundwater Monitoring for Environmental Surveillance. 

Maximum 
Value 
Renorted 

1,700 µg/L 

Date of NPDWS WAC 173- SDWS 
Maximum 340-720 
Detected McthodB 

10/1/93 NA 4,800 µg/L 5,000 µg/L 

NA - No Apphcable/value not derived 
NPDWS - Natiooal Primary Drinking Water Standard. 
SD WS - Secondary Drinking Water Standard. 

A-49/A-50 

Background Retention Comments 
Decision 

48.9 µg/L 0 Excluded No reports above ~latory 
limits. 

µg/L- m1crograms per htcr. 
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Table A-4. 200-BP-5 VOA Contaminant Preliminary Screening Decision 

Constituent Total Sample Date Number of Total Total Non- Maximum Date of NPDWS WAC 173- Retention Comments 
Samples Range Wells Detects Detects Value Maximum 340-720 Decision 

Sampled• Reoorted Detected MethodB 
Acetone 263 1988-2005 33 21 242 140 µg/L 6/22/88 NA 7,200 µg/L Excluded No dctcctcd values reported above regularmy limits. Maximum 

reported at 299-E28-7. Next highest without QC flag is 12 
ug/L. Only 8 reported values wilhoul QC flags. All nooc 
flalUlcd reoorts bcfon: 1994. 

Benzene 361 1987-2006 38 0 361 NA NA 5 u.e/l 0.7951WL Excluded No detected values reported. 
n-butvl benzene 0 NA 0 0 0 NA NA NA 320 Ul?IL Excluded By association with benzene and chlorobcnzcnc. 
Butylated 0 NA 0 0 0 NA NA NA NA Excluded By association with tolucoc and total petroleum hydrocarbons-
hvdroxvl toluene kerosene:. 

1-butanol 129 1989-2006 18 0 129 NA NA NA 16001WL Excluded No dctcctcd values reported. 
2-Butanone 329 1987-2006 40 2 327 10 µg/L 9nl89 NA 4,800 µg/L Excluded No detected values reported above n:gulaUJry limita. Both 

rcnorted values wen: on 9nl89. No QC flags. 

Carbon 392 1987-1994 40 3 389 I µg/L 11/1 7/94 5 µg/L .337 µg/L Excluded Three dclcclcd values reported. All three reouhs wen: QC 

tetrachloride flagged. Two flagged raulta wen: qualified with "qualitative 
identification criteria not met/quality control results wen: 
outside limits". The other result the analytc was detected in 
both the associated OC blank and in the samolc. 

Cblorobenzene JOO 1987-2005 38 0 100 NA NA JOO ug/L 160 ug/L Excluded No dctectcd values reported. 
Chloroform 391 1987-2006 39 23 368 2.40 µg/L 3/6/92 NA 7.17 µg/L COPC No dctcctcd values reported above n:gularmy limits. All the 

reported values were QC flagged. The reported va.luci were 
localed in wells 299-E27-16 and E33-36 bcru:a!h and near 216-
B-63 and 218-E-128 burial ground, and benuth the 2!8-E-10 
burial ground in wells 299-E32-2, 299-E32-3 and 299-E34-8. 
These wells have not been sampled since mid 1990's for this 
analvtc. 

Cis-1,2- 94 1990-2006 24 0 94 NA NA 70 µg/L 80 µg/L Excluded No detected values reported. 
dicbloroethvlenc 
Cyclohexanone 0 NA 0 0 0 NA NA NA NA Excluded By anociation with acetone, 2•butanonc, 4-mcthyl 2.pentanol, 

and kerosene. 

Decane 144 199\-1996 18 0 144 NA NA NA NA Excluded No detected values reported. 

1,1- 360 1987-2006 38 0 360 NA NA NA 800 µg/L Excluded No ddccted values n:ported. 

dichloroethane 
1,2- 360 1987-2006 38 0 360 NA NA 5 µg/L 0.481 µg/L Excluded No ddccted values reported. 

dichloroethane 
Diethyl ether I 1991 I I 0 9 µg/L 2/28/91 NA 1,600 µg/L Excluded No detccte4 values reported above n:gulatory limits and 

association with ~e. 

Ethanol 6 1989-1990 6 0 6 NA NA NA NA Excluded No dctccwl values reported. 

A-51 /A-52 



OOE/RL-2006-55, Rev. 0 

Table A-4. 200-BP-5 VOA Cuntaminant Preliminarv Screenin2 Decision 
Constituent Total Sample Date Number of Total Total Non- Maximum Date of NPDWS WAC 173- Retention Comments 

Samples Range Wells Detects Detects Value Maximum 340-720 Decision 
Samoled" Rl"Nlrl .. A Detected MethodB 

Etbyelbcnzcnc 100 1989-2006 32 3 97 .05 µg/L 4n.7/94 700 µg/L 800 µg/L Excluded No dctcctcd values reported above regulatory limits. Reported 
values were QC flagged. One flag indicatcd that the analytc 
wu reported in the blank and the sample. The other two were 
because the value was near the MDL. 

Constituent Total Sample Date Number of Total Total Non- Maximum Date of NPDWS WAC 173- Retention Comments 
Samples Range Wells Detects Detects Value Maximum 340-720 Decision 

Sampled" Renorted Detected MethodB 
Halogenated 0 NA 0 0 0 NA NA NA NA Excluded By usociation with trichlorocthenc and tctrachlorocthcne. 
Hydrocarbons 
4-mctbyl 2- 280 1987-2006 35 2 278 200µg/L 4/10/91 NA 640 µg/L COPC No dctcctcd values reported above regulatory limits. No QC 

pentanooe flag . Limited rcawts near 216-B-8 cnb, wells 299-EJJ-12 and 
EJJ-18. 

Methylene 391 1987-2006 40 40 351 2900 µg/L 9/21/88 NA 5.83 µg/L COPC Excccdcd regulatory limit&, however, only S of the dCICCtl were 

Chloride reported without QC flags . The flag notified that the analytc 
was reported in the QC blanlr. and sample. Most of the results 
were in the early 1990'1 and arc nol comistc:nl with samp1es 
collected after the detections. The wells noced with rcoults not 
flaHcd were 299-E32-2 299-EJJ-28 and 299-EJJ-30. 

Styrene 30 1989-2005 18 0 30 NA NA 100 µg/L 1.46 µg/L Excluded No detected values reported and by association with bcmcne, 
ethvlbcnzmc and toluene. 

Tetrachlorocthene 392 1987-2006 40 0 392 NA NA 5 uP/1 0.858 ulllL Excluded No detected values rcportcd. 

Toluene 361 1986-2006 38 6 355 20 µg/L 6/22188 1,000 µg/L 1,600 µg/L Excluded No detected values rcportcd above rcgu!£tory limits. Only ooe 
result reported with no QC flag. That value was the max value. 
The others wen, either reported in the blank and the sample or 
estimated. 

TPH-Kcroscoe 54 1987-1990 29 0 54 NA NA NA 500 uP/1 Excluded No detected values reported. 

Trans-1,2- 218 1987-2006 37 0 216 NA NA 100 µg/L 160 µg/L Excluded No dctccted values reported. 

dichlorocthv lene 
Trichloroethene 392 1986-2006 40 4 388 1 µg/L 4/9/91 5 µg/L 3.98 µg/L COPC No detected values reported above regulatory limits. All the 

reported valuca were QC flagged. The estimated values were 
reported in wells 299-E28-23 and 299-E28-27 near 216-8-S 
and beneath the 218-E-I0 burial ground in 299-EJJ-10. Wells 
have not been umnled sinoe nud 1990' s for this analvt,_ 

1,1 ,1- 437 1987-2006 40 7 430 3 µg/L 4n/92 200 µg/L 7,200 µg/L Excluded No dctcctcd values reported above regulatory limits. All the 

trichloroethane reported values were QC flagged. Only three reported values 
wen, not identified in the blanlr.. The three were located in 
wells 299-E27-16 and EJJ-36 beneath and near 216-B-63 and 
218-E-12B burial ground, and beneath the 218-E-I0 burial 
ground in wells 299-E34-8. These well, have not been sampled 
since mid I 990's for this analytc, The reported values were 
near MDL. 

1,1,2- 384 1986-2006 40 0 384 NA NA 5 µg/L 0.768 µg/L Excluded No detected values reported. 

trichloroethane 
Trichloromooo- 60 1987-2005 31 0 60 NA NA NA 2,400 µg/L Excluded No dctcctcd values reported. 

fluoromethaoe 

A-51 /A-52 
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Table A--4. 200-BP-5 VOA Conlllminant Prelimi oarv Screenin2 Decision 
Constituent Total Sample Date Nwnberof Total Total Non• 

Samples Range Wells Detects Detects 
Sarnnled' 

Xylene 86 1988-2006 6 0 86 

• Wells sampled by PNNL for Groundwater Morutonng for Environmental Surve11lance. 
NA • No Applicable/value not derived 
NPDWS - National Primary Drinking Water Standard. 

Maximum Date of NPOWS WAC 173• 
Value Maximum 340-720 
R"""rted Detected MethodB 
NA NA NA 16,000 µg/L 

µg/L- micrograms per hter. 

A-53/A-54 

Retention Comments 
Decision 

Excluded No detected values rcpon<d and by association with benzene, 
toluene, ethylbcnzcne, and total petroleum hydrocarbons-
kerosene. 
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Table A-5. 200-BP-5 Semi VOA Contaminant Preliminary Screening Decision 

Constituent Total Sample Number of Total Total Non- Maximum Date of NPDWS WAC 173- Retention Comments 
Samples Date Range Wells Detects Detects Value Maximum 340-720 Decision 

Samoled' Ren<>rted Detected MethodB 
Aldrin 220 1988-2005 31 0 220 NA NA NA 0.005 I 5 µJVL Excluded No detected valuts rcportcd. 

Arolclor-1260 163 1986-2005 27 0 163 NA NA 0.5 ullll 0.0438 µJVL Excluded No cktected valua reported. 

Benzol a \anthracene 56 1985-2005 34 0 56 NA NA NA 0.121.111/L Excluded No detected values rq,ortcd. 

Benzolamvrene 56 1985-2005 34 0 56 NA NA NA 0.012 ua/1 Excluded No detected values reported. 

B.,,,7,,n, \fluoroanthenc 56 1985-2005 34 0 56 NA NA NA 0.12 µJVL Excluded No de<ected values rq,ortcd. 

Bis(2- 109 1988-2005 34 9 100 22 µg/L 9/23/91 NA 6.25 µg/L COPC Reported above regulatory limit However, several 

cthylhexyl)phthalate reported raulll were cilhc:r esti~ or deiected in the 
QC blanlt and sample. The wells where deleeted as 
estim.ale$ or with no flag were 299-E28-27, 299-Ell-2, 
299-E33-18, 299-E34-l and 299-E34-7. The deleelions 
are 11 l'Uldom times from carlv l 990's throuoh 2003. 

Butylatcd phosphate 0 NA 0 0 0 NA NA NA NA Excluded By usociation wilh TBP and total petroleum 
hvdrocarboos. 

3-chloro4- 483 1988-2006 39 2 481 8.0 µg/L 8/25/92 NA 800 µg/L Excluded No dc:tcctcd values reports above rcgulawry limits. 

menthylphenol R.csulti ool coOJistcnt with the nwnbcr ofnon-delec;ts 
reported for lhe wells identified in (e.g. 299-E27-13 and 
299-E28-27). The value reported at E28-27 was near the 
MDL. 

2-chlorophcnol 483 1988-2006 39 1 482 1.5 µg/L 10/5/93 NA 80 µg/L Excluded No rcporu above regulatory limits. Result not comistcnt 
with the number of non-deleels reported for the well 
identified in (e.g. 299-E28-27). The value was reportcd 
near the MDL. 

Cbrvscnc 56 1985-2005 34 0 56 NA NA NA 12 µJVL Excluded No de<ected values reported. 

44'-DDD 220 1988-1994 31 0 220 NA NA NA 0.365 ullll Excluded No detected values reported. 

4,4'-DDT 220 1988-1994 22 0 220 NA NA NA 0.257 ullll Excluded No detected values reported. 

Dibcnz[ a,h ]anthracene 56 1985-2005 34 0 56 NA NA NA 0.012 µg/L Excluded No de<ected values reported. 

Dibutyl phosphate 0 NA 0 0 0 NA NA NA 1,600 µg/L Excluded By association wilh TBP. 

2,4-dichlorophcnol 533 1988-2006 39 0 553 NA NA NA 48 µg/L Excluded No detecud values reported, 

Dieldrin 220 1988-2005 31 0 220 NA NA NA 0.00547 µg/L Excluded No de<ected valuts rq,ortcd. 

Dimethoa.tc 31 1988-2005 25 0 31 NA NA NA 3.2 µg/L Excluded No de<ected values reportcd. 

2,4-dimethylphenol 478 1988-2006 37 0 478 NA NA NA 320 µg/L Excluded No detecud valuei reported. 

2,4-dinitrophenol 459 1988-2006 39 15 444 2.6 µg/L 6/4/97 NA 32 µg/L Excluded No de<ected value. reported above regulalor)I limits. All 
the reported val.a were QC flagged. The reported 
value. were located in wells beneath and near 216-8-63 
and 218-E-12B burial ground, and beneath the 218-E-10 
burial ground. Each of lhese wells has only tlee«ted this 
analyte once in 1997, except wells 299-E28-26 and E32-
2 in 1998. The 1998 deleetions (i .e. only one a piece) 
were the last rrNlrtcd detection. 

A-55/A-56 
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Table A-5 . 200-BP-5 Semi VOA Contaminant Preliminarv Screenin2 Decision 
Constituent Total Sample Number of Total Total Non-

Samples Date Range Wells Detects Detects 
Samoled• 

2 4-dinitrotoluene 57 1988-2005 34 0 57 
Constituent Total Sample Number of Total Total Non-

Samples Date Range Wells Detects Detects 
Samoled• 

Endrin 300 1988-2005 36 0 300 
Endrin aldehyde 193 1991-2005 24 2 191 

Ethvl cvanide 78 1988-2006 23 0 78 
Ethvlene olvcol 19 1988-1990 18 0 19 
Hcotachlor 246 1988-2005 31 0 246 
Hvdrazinc 68 1987-1994 30 0 68 
Indeno( l ,2,3- 56 1985-2005 34 0 56 
cdmvrene 
Lindane 300 1988-1994 36 0 300 
3-Mcthvlobcnol 129 1991-1995 20 0 129 
4-Methvlohenol 162 1991-2005 27 0 162 
Naphthalene 32 1988-2005 7 0 32 

2-Nitroohenol 498 1989-2006 34 0 498 
Pentachlorophenol 628 1988-2006 39 6 622 

Phenol 756 1987-2006 44 4 752 

Phorate 6 1989-1990 6 0 6 
Pyrene 32 1989-2005 22 0 32 

2,3,4,6- 251 1988-2006 36 0 251 
tetnu:hlor01>henol 
Tributvl ohoSPhate 184 1987-2005 32 0 184 
• Wells sampled by PNNL for Groundwater Momtonng for Envtronmental Surveillance. 
MDL - Method Detection Limit. 
NA - No Applicable/value not derived. 
NPDWS - National Primary Drinking Water Standard. 
TBP - Tributyl Phosphate. 
µg/L - micrograms per liter. 

Maximum Date of NPDWS WAC 173-
Value Maximum 340-720 
R"""rted Detected MethodB 
NA NA NA 32 ul!/L 
Maximum Date of NPDWS WAC 173-
Value Maximum 340-720 
Reoorted Detected MethodB 
NA NA 2 ul!/L 4.8 UO'/L 

0.26 µg/L 6/5/92 NA NA 

NA NA NA NA 
NA NA NA 32 000 ue/1 
NA NA 0.4 uo-/1 0.0194 uo-/1 
NA NA NA 0.0146 UO'/I 
NA NA NA 0.12 µg/L 

NA NA 0.2 uO'/L 0 .0763 ul(/L 
NA NA NA 800 u2'L 
NA NA NA 80 uo/I 
NA NA NA 1,600 µg/L 

NA NA NA NA 
4µg/L 615191 I µg/L 0.729 µg/L 

7.0 µg/L 6/15/93 NA 4,800 µg/L 

NA NA NA 1.6 u2'L 
NA NA NA 480 µg/L 

NA NA NA 480 µg/L 

NA NA NA NA 

A-57/A-58 

Retention Comments 
Decision 

Excluded No detected values reported. 

Retention Comments 
Decision 

Excluded No detcctcd values reported. 

Excluded No dcLcctcd values rcpon:cd. Results not consistent with 
the number of non-detects reported for the wells 
identified in (e.2. 299-E27-16 and 299-E34-7). 

Excluded No dctcctcd values reported. 

Excluded No detected values reported. 

Excluded No detected values reported. 

Excluded No detected values reported. 

Excluded No detected values reported. 

Excluded No detccled values reported. 

Excluded No detected values reported. 

Excluded No dctcctcd values reported. 

Excluded No detccled values reported and by association with 
bcnzo(a)anthraccne, bcnzo(a)pyrcne, 
bcnzo(b)Ouoanthcnc, cbryscne, dJbcnz(a,h)anthraccne, 
indenoll-2 3-cd\--e and nvrrnc. 

Excluded No detected values rcport<d. 

coc Five reported values e,cccded regulalO<}' limits, 
however, several samples collected after were non-detect. 
All of the wells repo,ting detections were near the 218-E-
10 burial 1ZJOund. 

Excluded No dcu:ctcd values reported above regulatory limits. 
Reported values were QC flagged. One flag indicalcd 
uat the analytc was reported in the blank and the sample. 
The other three were because the value was near the 
MDL. The reported values were in 1992 and 1993 and 
are not consistent with the multiple non-detect results 
since. 

Excluded No detected values reported. 

Excluded No dcu:ctcd volucs reported and by association with 
bcnzo(a)anthraccne, bcnzo(a)pyrcne, 
bcnzo(b )Ouoanthcne, cbry,cne, dibenz[ a,b Janlhraccne, 
and ;n,l,.m/ 1,2,3-cdl~e. 

Excluded No dctcctcd values reported , 

Excluded No detected volucs reported. 
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