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Note:  Sampling location abbreviations can be found on page xvii.
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Acronyms and Abbreviations
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Sampling Location Information

Location Abbreviation Location Name/Other Applicable Information 

4M Four Mile

4MB Fourmile Branch (Four Mile Creek)

4MC Four Mile Creek 

BDC Beaver Dam Creek 

BG Burial Ground

EAV E-Area Vaults

FM Four Mile

FMB Fourmile Branch (Four Mile Creek)

FMC Four Mile Creek (Fourmile Branch)

GAP Georgia Power Company

HP HP (sampling location designation only; not an actual abbreviation)

HWY Highway

KP Kennedy Pond

L3R Lower Three Runs

NRC Nuclear Regulatory Commission

NSB L&D New Savannah Bluff Lock & Dam (Augusta Lock and Dam)

PAR “P and R” Pond

PB Pen Branch

RM River Mile

SC Steel Creek

SWDF Solid Waste Disposal Facility

TB Tims Branch

TC Tinker Creek

TNX Multipurpose Pilot Plant Campus

U3R Upper Three Runs

VEGP Vogtle Electric Generating Plant (Plant Vogtle)
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Sampling Location Information

Sampling Locations Known by More Than One Name 

Augusta Lock and Dam; New Savannah Bluff Lock and Dam

Beaver Dam Creek; 400–D

Four Mile Creek–2B; Four Mile Creek at Road C

Four Mile Creek–3A; Four Mile Creek at Road C

Lower Three Runs–2; Lower Three Runs at Patterson Mill Road

Lower Three Runs–3; Lower Three Runs at Highway 125

Pen Branch–3; Pen Branch at Road A–13–2

R-Area downstream of R–1; 100–R

River Mile 118.8; U.S. Highway 301 Bridge Area; Highway 301; US 301

River Mile 129.1; Lower Three Runs Mouth

River Mile 141.5; Steel Creek Boat Ramp

River Mile 150.4; Vogtle Discharge

River Mile 152.1; Beaver Dam Creek Mouth

River Mile 157.2; Upper Three Runs Mouth

River Mile 160.0; Dernier Landing

Steel Creek at Road A; Steel Creek–4; Steel Creek–4 at Road A; Steel Creek at Highway 125

Tims Branch at Road C; Tims Branch–5

Tinker Creek at Kennedy Pond; Tinker Creek–1

Upper Three Runs–4; Upper Three Runs–4 at Road A; Upper Three Runs at Road A;  

Upper Three Runs at Road 125

Upper Three Runs–1A; Upper Three Runs–1A at Road 8–1

Upper Three Runs–3; Upper Three Runs at Road C

Highway 17 Bridge; Houlihan Bridge

Stokes Bluff; Stokes Bluff Landing
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1-2 Savannah River Site

1 - Introduction 

Figure 1 –1 The Savannah River Site 
SRNL Map

SRS is located in South Carolina, about 12 miles south of Aiken, South Carolina, and about 15 miles southeast of 
Augusta, Georgia. The Savannah River flows along a portion of the site’s southwestern border. The capital letters 
within the SRS borders identify operations areas referenced throughout this report.
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2 - Environmental Management System 
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Figure 2–1 Environmental Management System Integration



Environmental Report for 2010 (SRNS–STI–2011–00059) 2-3

 Environmental Management System - 2
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EMS Goal/Objective
“Stoplight” 
Indicator

Status

Reduce building energy intensity 
(BTU/GSF) by 3% annually or by 
30% by the end of FY15

Site energy intensity increased slightly in FY10 versus FY09 
(3.3%). This is due primarily to major weather impacts, 
increased ARRA work/staffing, and across-the-board increases 
in production/mission energy use. In spite of the 3.3% FY10 
increase, the site is ahead of the overall energy intensity 
reduction goal of a 30% reduction during the period FY03 to 
FY15. A summary report detailing how to comply with HPSB 
requirements in existing buildings was issued to DOE–SR in 
September 2010. Construction on three new biomass facilities 
proceeded well in 2010.

Purchase 3% of facility electrical 
energy from renewable sources, 
50% of which must have been 
placed into service after 1/1/1999

Construction of the new Biomass Cogeneration Facility near F 
Area remained on schedule. Construction of the K Area and L 
Area biomass boilers was completed in FY10.

Reduce water consumption by 
2% annually or by 16% by the 
end of FY15

The C Area-to-K Area domestic water supply line project 
was completed in February 2010. K Area well pumping was 
terminated as planned. As a result, site combined domestic and 
process water use was reduced by 11% versus FY 2009. This 
reduction would have been greater if not for associated ARRA/
stimulus impacts.

Reduce the use of hazardous 
materials and toxic chemicals

1) In FY10, SRS avoided generating 838 cubic meters of 
radioactive and hazardous waste, exceeding the FY10 goal by 
110%. Twenty-three (23) projects contributed to the avoidance 
efforts, resulting in a cost avoidance of $1.5 million.
2) The FY10 routine sanitary waste recycle rate was 38.8%.
3) The Chemical Management Center redistributed 84,773 
pounds of excess chemicals in FY10, avoiding $1.2 million in 
waste and acquisition costs.

Construct or renovate buildings 
in accordance with sustainability 
strategies; Incorporate 
sustainable practices in 15% 
of existing federal capital asset 
building inventory by 2015

A 62-page summary report detailing how to comply with HPSB 
requirements in existing buildings was issued to DOE–SR in 
September 2010. The SRS Ten-Year Site Plan included an 
overview of HPSB efforts.

Reduce consumption of 
petroleum products by 2% 
annually through FY15

SRS petroleum consumption increased by nearly 21% (combined 
gasoline and diesel) in FY10 versus FY09—due primarily to an 
increase in ARRA/stimulus staffing and scope. In addition, DOE–
HQ mandated use of approximately 60 hybrid gasoline vehicles 
at SRS, which also negatively impacted this metric. Hybrids 
cannot use blended E85 fuel; rather, they require unblended 
gasoline. However, the site is on track to meet the overall goal, 
having realized a 10% petroleum reduction through FY10 when 
compared to the FY05 baseline year.

Increase fleet nonpetroleum-
based fuel consumption by 10% 
annually

During the past 10 years, SRS has increased use of E85 fuel 
by 350%, far exceeding the end-state goal of a 10% annual 
increase.

Table 2–1 FY10 SRS EMS Goals (Summary)
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Pollution Prevention / Waste Minimization
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Description Waste Type Life Cycle Savings

Culvert Opening Area Cleanup Waste Mixed Low-Level Waste (LLW) $43,520

Reuse of Asbestos Gaskets from K Area LLW $848 

Rollback 105–L 910 Fan Room LLW $21,330

Modular Caustic-Side Solvent Extraction Unit (MCU) 
Debris to Seven Springs Landfill Avoids LLW

LLW $200,550

Segregation and Recycling of Circuit Boards Hazardous Waste (HW) ($770)

SmartPlant Foundation (SPF) Tuff Tank (Polyethylene 
Tank for Liquid Storage and Transport) Frames to Sanitary 
Special Waste

LLW $1,172

Polychlorinated Biphenyls (PCB) Waste Reduction –  
K Area Complex (KAC) Shuffler Project

Mixed Toxic Substances 
Compliance Act (TSCA) Waste 

$15,857

Recycling of Lead X-Ray Sheets HW $2,305

H–12 Outfall Experimental Peat Bed D&R LLW $26,211

Reuse of Concrete Culverts Avoids Use of 24 New B–25 
(Storage and Transport) Containers per Year

Sanitary $161,400

Polychlorinated Biphenyls (PCB) Tool Decontamination 
and Reuse

Mixed TSCA $112,030

Radioactive Liquids Managed as Scavenger Wastewater LLW $8,336

Bagging Process Water Deionizers @ K Area LLW $63,900

Recycle DOE-Suspension Nonradioactive Lead HW $53,810

Recycle DOE-Suspension Radioactive Contaminated 
Lead

Mixed LLW $236,318

Large Steel Box (LSB) Dewatering Savings Mixed LLW $83,252

Liquid Waste Tank Farm Debris to Seven Springs Landfill LLW $82,950

776–A Area Rollbacks from Contaminated Areas (CA) to 
Radiological Buffer Areas (RBA)

LLW $124,830

Admin Controls Improve LLW Segregation LLW $14,490

Legacy TRU Waste Segregation to LLW TRU $701,380

Bagging Reactor Process Water Deionizers for ILV 
Waste Disposal

LLW $95,850

RCRA Satellite Accumulation Area (SAA) Reduction at 
Tritium Operations

LLW $78,966

Radioactive Lead Recycled by LWO Mixed LLW $271,240

Tritiated Soil and Debris Remediation LLW $610,500

Table 2–2 2010 SRS Pollution Prevention Activities (Summary)
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Alternative Fuel
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Transportation/Fleet Management
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Figure 2–2 DOE–SR Energy Reduction 
Performance

Figure 2–3 Domestic/Process Water Reduction 
Performance

Figure 2–4  Increased E85 Usage at SRS
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High-Performance Sustainable Buildings –  
New Construction
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Figure 2–5 SRS Gasoline Reduction 
Performance
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EMS Best Practices / Lessons Learned
Savannah River Site Alternative Energy  
Research Initiatives
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Table 3–1 Laws/Regulations Applicable to SRS

Legislation What It Requires

RCRA
Resource Conservation and  
Recovery Act (1976)

The management of hazardous and nonhazardous solid wastes and of 
underground storage tanks containing hazardous materials and wastes

FFCAct
Federal Facility Compliance Act (1992)

The subjection of federal agencies to all substantive and procedural 
requirements of federal, state, and local solid/hazardous waste laws— 
in the same manner as any private party

CERCLA; SARA
Comprehensive Environmental 
Response, Compensation, and Liability 
Act (1980); Superfund Amendments 
and Reauthorization  
Act (1986)

The establishment of liability, compensation, cleanup, and emergency 
response for hazardous substances released to the environment. The 
Federal Facility Agreement (FFA) (WSRC–OS–94–42) between EPA, 
DOE, and SCDHEC integrates CERCLA and RCRA requirements to 
achieve a comprehensive remediation of SRS. The FFA governs the 
corrective/remedial action process, sets annual work priorities, and 
establishes milestones for activities. The agreement also coordinates 
administrative and public participation requirements.

EPCRA
Emergency Planning and Community 
Right-to-Know Act (1986)

The reporting of SRS hazardous substances (and their releases) to 
EPA, state emergency commissions, and local planning units

NEPA
National Environmental Policy Act 
(1969)

The evaluation of the potential environmental impacts of proposed 
federal activities and alternatives

SDWA
Safe Drinking Water Act (1974)

The protection of public drinking water resources

CWA
Clean Water Act (1977)

The regulation of liquid discharges at outfalls (e.g., drains or pipes) that 
carry effluents to streams (NPDES, Section 402); regulation of dredge 
and fill of U.S. waters (Section 404) and associated water quality for 
those activities (WQC, Section 401)

RHA 
Rivers and Harbors Act of 1899, 
Section 10

The regulation of construction over and obstruction of navigable waters 
of the U.S.

FIFRA 
Federal Insecticide, Fungicide, and 
Rodenticide Act (1947)

The regulation of restricted-use pesticides through a state-administered 
certification program

CAA (NESHAP)
Clean Air Act (1970), (National 
Emission Standards for Hazardous Air 
Pollutants)

The establishment of air quality standards for criteria pollutants, such as 
sulfur dioxide and particulate matter, and of hazardous air emissions, 
such as radionuclides and benzene

CAAA
Clean Air Act Amendments of 1990

The establishment of a national permit program, and of provisions for 
addressing acid rain, ozone depletion, and toxic air pollution

TSCA
Toxic Substances Control Act (1976)

The regulation of PCBs, radon, asbestos, and lead, as well as evaluation 
and notification to EPA of new chemicals and significant new uses of 
existing chemicals

ESA 
Endangered Species Act (1973)

The protection of critically imperiled species from extinction

NHPA 
National Historic Preservation Act 
(1966)

The preservation of historical and archaeological sites
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Liquid Radioactive Waste Tank Closure
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Table 3–2 Summary of SRS-Related 
NEPA Reviews in 2010

Type of NEPA Review Number

Categorical Exclusion Determinations 203

“All No” EEC Determinationsa 158

Actions Tiered to Previous NEPA 
Reviews

14

Environmental Impact Statementsb 4

Supplement Analysisc 1

Interim Action 0

Revised FONSI 1

Environmental Assessmentsd 1

Total SRS-Related NEPA Reviews 382

a  Proposed actions that require no further NEPA review
b  DOE/EIS–0283–S2 (in progress); DOE/EIS–0375 (in 

progress); DOE/EIS–0423 (in progress);  
DOE–EIS–0327 (schedule uncertain)

c  SA for SRS Spent Nuclear Fuel Management FEIS 
DOE/EIS–0279 (in progress)

d  DOE/EA–1606 (in progress)
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1 SRS and SCDHEC personnel worked together on an agreement letter 
dated October 31, 2005, that helped ensure SRS compliance with the 
2005 Industrial Stormwater General Permit by requiring implementa-
tion of best management practices at certain stormwater outfalls.
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Other Environmental Statutes
EPCRA/SARA Title III
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Toxics Release Inventory Report (Form R)
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Table 3–3  SRS Reporting Requirements 
under “Federal Compliance with 
Right-to-Know Laws and Pollution 
Prevention Requirements” 
(Executive Order 12856)

EPCRA
CITATION

Activity
Regulated

Reported
In 2010

302–303
Planning
Notification

NAa

304

Extremely
Hazardous
Substances
Release Notification

NAa

311–312
Material Safety
Data Sheet /
Chemical Inventory

Yes

313
Toxic Release
Inventory Reporting

Yes

a Did not exceed reporting threshold

http://www.epa.gov/tri/tridata/
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Table 3–4 NOV/NOAV Summary, 2006–2010

Program Area
NOV/NOAV

2010 2009 2008 2007 2006
CAA 2 0 1 0 0
CWA 0 0 2 0 2
RCRA 0 0 0 0 0
CERCLA 0 0 0 0 0
Others 0 0 0 0 0
Total Violations 2 0 3 0 2
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Table 3–5 Routine Environmental External Audit and Inspection Summary

Audit Frequency
Noncompliances

2010 2009 2008 2007 2006

RCRA CEI Annually 0 0 0 0 0

UST Inspection Annually 0 0 0 0 0

Landfill Inspection At least bimonthly 0 0 0 0 0

Saltstone Inspection Weekly 0 0 0 0 0

Interim Sanitary Landfill (postclosure) Annually 0 0 0 0 0

Air Programs Compliance Inspection Annually 0 0 0 * 0

NPDES CSI Inspection Annually 0 0 0 * 0

CME Inspection of Groundwater Facilities Annually 0 0 0 0 0

Small Domestic Water Systems Inspection Triennially 0 NA NA 0 NA

*No inspections of these programs conducted in 2007
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Table 3–6   SRS Construction and Operating 
Permits, 2010

Type of Permit
Number 

of Permits

Air 9

U.S. Army Corps of Engineers –
Section 10, Rivers & Harbors Act 
of 1899

1

U.S. Army Corps of Engineers 
Nationwide Permit

5

U.S. Army Corps of Engineers – 
404 Permit (Dredge and Fill)

1

Asbestos Demolition/Abatement 20

Domestic Water 221

Industrial Wastewater 73

NPDES Discharge 2

NPDES No Discharge 1

NPDES General Utility Water 
Permit

1

Stormwater Discharge 1

Construction Stormwater Grading 
Permit

24

RCRA Hazardous Waste 1

RCRA Solid Waste 5

RCRA Underground Storage Tank 7

Sanitary Wastewater 119

SCDHEC 401 1

SCDHEC Navigable Waters 1

Underground Injection Control 13

Total 506
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Savannah River Nuclear Solutions
Charles Bishop, RI&ES

Tracy Bryant, RI&ES 
Vivian Cato, RI&ES 
Lori Coward, RI&ES
Keith Dyer, RI&ES 

Greta Fanning, RI&ES
Jim Fudge, RI&ES 

Sonny Goldston, RI&ES
Mike Griffith, RI&ES 
John Harley, WME

Ginger Humphries, RI&ES
Jeff Lintern, RI&ES 

Nancy Lowry, RI&ES 
Bill Maloney, RI&ES 
Al Mamatey, RI&ES 
Lynn Martin, RI&ES 

Shelia McFalls, RI&ES
Ted Millings, RI&ES
Hal Morris, RI&ES

Vernon Osteen, RI&ES 
Bill Payne, RI&ES

Mike Roper, RI&ES
Eloy Saldivar, RI&ES
Carl Shealy, RI&ES 

Cary Stevens, RI&ES
Ben Terry, RI&ES
Art Timms, RI&ES 
Kim Wolfe, RI&ES

Stephanie Yazzie, RI&ES

Savannah River Remediation 
Ron Campbell

Keith Liner
Owen Stevens

Shaw-Areva MOX Services
Carl Mazzola

Parsons
Richard Gurske

Savannah River Ecology Laboratory
Donald Mosser

Wackenhut Services
Julie Wilson

Ameresco
Ken Chacey
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Editor’s note: The “Environmental Compliance” chapter is unique in that its number of contributing authors is far 
greater than the number for any other chapter in this report. Space/layout constraints prevent us from listing all of 
them and their organizations on the chapter’s first page, so we list them here instead. Their contributions, along with 
those of the report’s other authors, continue to play a critical role in helping us produce a quality document—and are 
very much appreciated.

../compliance/Data Table 3-1, SRS Environmental Permits, 2010.xls
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4-2 Savannah River Site

4 - Effluent Monitoring 
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Figure 4–1 Ten-Year History of SRS Annual Atmospheric Tritium Releases
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Figure 4–2 Ten-Year History of Direct Releases of Tritium to SRS Streams
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Table 4–1 SRS Estimated SCDHEC Standard 2 Pollutant Air Emissions, 2006–2010

Pollutant Name Emissions (Tons/Year)

2006 2007 2008 2009 2010

Sulfur dioxide (SOx) 5.10E+03 4.25E+03 4.07E+03 4.00E+03 4.11E+03

Total particulate matter (PM) 5.04E+02 4.17E+02 4.59E+02 3.99E+02 8.03E+02

Particulate matter <10 micrometers (PM10) 3.82E+02 2.45E+02 3.13E+02 2.64E+02 6.37E+02

Particulate matter <2.5 micrometers (PM2.5) 3.19E+02 2.20E+02 2.65E+02 2.22E+02 1.36E+02

Carbon monoxide (CO) 7.83E+01 7.62E+01 6.73E+02 4.07E+01 4.46E+01

Volatile organic compounds (VOCs)(Ozone 
Precursors)

1.69E+01 1.61E+01 6.53E+01 4.88E+00 4.88E+00

Gaseous fluorides (as hydrogen fluoride) 1.42E+01 1.27E+01 1.22E+01 1.22E+01 1.22E+01

Nitrogen dioxide (NOx) 3.15E+03 2.63E+03 1.89E+03 1.79E+03 2.06E+03

Lead (lead components) 7.60E-02 1.91E-02 2.67E-02 3.40E-02 3.91E-02
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Table 4–2 2010 Boiler Stack Test Resultsa

a Boiler #1 source test October 22, 2010; Boiler #2 source test February 3, 2010; 

Boiler #4 source test December 9, 2010
b SCDHEC’s Title V permitted emission limits are 0.6 lb/million BTU for particulates and 

3.5 lb/million BTU for sulfur dioxide.
c Opacity limit 40% 
d Not stack tested during 2010

Emission Rates
Boiler Pollutant Lb/106Btu Lb/hr

D Area Boiler #1
Particulate matterb

Sulfur dioxideb

Opacityc

0.2598
1.52
Avg. 13.7%

113.28
413.83

D Area Boiler #2
Particulate matterb

Sulfur dioxideb

Opacityc

0.258
1.17
Avg. 13.2%

  86.89
336.13

D Area Boiler #3d

(Did not operate during 2010)

D Area Boiler #4
Particulate matterb

Sulfur dioxideb

Opacityc

0.189
1.54
Avg. 6.3%

  95.11
482.00
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 Effluent Monitoring - 4

Liquid Discharges
Description of Monitoring Program
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Figure 5–1 Gross Beta-In-Air Concentrations Measured in Glass Fiber Filters for 15 Locations, 2010
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Internal (L) and External Configurations of an Air Surveillance Sampling Station
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Table 5–1 Average Gross Alpha in Air Filter Results (pCi/m3) 2006–2010

Table 5–2 Average Gross Beta in Air Filter Results (pCi/m3) 2006–2010

Location 2006 2007 2008 2009 2010

Onsite 8.79E-04 1.10E-03 9.45E-04 9.53E-04 1.17E-03

Perimeter 1.12E-03 1.17E-03 9.96E-04 1.03E-03 1.13E-03

25-mile 1.12E-03 1.03E-03 9.94E-04 9.95E-04 1.06E-03

100-mile 9.99E-04 9.99E-04 9.12E-04 9.89E-04 1.13E-03

Overall Average 1.03E-03 1.07E-03 9.62E-04 9.91E-04 1.12E-03

Location 2006 2007 2008 2009 2010

Onsite 1.51E-02 1.51E-02 1.51E-02 1.48E-02 1.63E-02

Perimeter 1.60E-02 1.57E-02 1.57E-02 1.51E-02 1.66E-02

25-mile 1.53E-02 1.56E-02 1.56E-02 1.56E-02 1.69E-02

100-mile 1.41E-02 1.34E-02 1.34E-02 1.32E-02 1.61E-02

Overall Average 1.51E-02 1.50E-02 1.50E-02 1.47E-02 1.65E-02
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Figure 5–2 Ambient/Atmospheric Tritium-In-Air Concentrations (pCi/m3), 2006–2010
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Figure 5–3 Average Tritium-in-Rainwater Concentrations, 2006–2010
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Figure 5–4 Five-Year Trend of Ambient Annual Average and Maximum Gamma Exposure Levels  
 (in mrem)
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Table 5–3 Average 2010 Concentrations of Radioactivity in SRS Streams

Location
Gross Alpha 

(pCi/L)
Gross Beta 

(pCi/L)
Tritium 
(pCi/L)

Onsite Downstream Locations

Tims Branch (TB–5) 1.80E +01 6.23E +00 4.07E +02

Lower Three Runs (L3R–3) 3.06E +00 2.11E +00 2.60E +02

Steel Creek (SC–4) 2.09E +00 2.02E +00 2.83E +03

Pen Branch (PB–3) 8.42E -01 1.07E +00 3.56E +04

Fourmile Branch (FM–6) 6.95E -01 6.66E +00 4.03E +04

Upper Three Runs (U3R–4) 8.33E +00 2.90E +00 1.02E +03

Onsite Control Location (for comparison purposes)

Upper Three Runs (U3R–1A) 4.74E +00 1.94E +00 1.93E +02

../ensurv/Data Table 5-9 - 2006-2010 Migration of Radioactivity from Seepage Basins and SWDF.xls
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Figure 5–5 Estimated Tritium Migration from SRS Seepage Basins and SWDF to Site Streams, 
 2001–2010



5-10 Savannah River Site

5 - Environmental Surveillance 

Savannah River
Description of Surveillance Program

C	�����	���������������������	
�����	�������
$��������7��������	����	�����	����������	��$7$�
������������������������	����	�������������<����
�����������	
�F#K���������������

Surveillance Results Summary�
������	����	�����	������������	���������	���������
����	�
�������������������	��������*&5&��C	
�	�����
��
���������	����������������������:��������	����	���
���������H����	��	�����������	��������������
������
��

���
����������	���������3�����������)"5&4������
�������*&5&��	��������	���	���	�����������	���������
���������
���������	����	������������������������)")��
 �����	��������3	����������4���������������
��������
���	
���������	�������������������	��������	����
��������������$��������7����������	
������$7$�����
F#K�������
��	��������	������$��������7����!����
37!4�55%�%�������������5*����������	
�*�')&�C�����
*&&(��	�*�&+&�C�����*&5&���������	��������	���������
�����������	������#�E�����������������������
2�����������������	���	��������������	�����������������
����	��������������������
�������	����	�����������
�	��������������������������	����������	���)�������
C����
�5',�����������������	���	���	������*+)��������
�	
�	�����������
������	�*&5&��

/��������	���	�������������	
�	�������
�����
�����������	����$7$��	��������������������
������	�
�	�������
	���	
����������������	�����	���������
3��	����
�%(�(&�����������
�((��������������4��
D����
�*'1�������
�*'%������
�����
�*15�����
<�����:����������������������
������	
�7!�55%�%�����
�������	�����	����	������*&5&��7������������	���������
�����������������	����������	���)������

Tritium Transport in Streams�
�����
�������	���������	�$7$�����
����������
$��������7�����	
��	
���	�����	�������	��
������ �������	������
	�������	�������
�������������
����<����������	���������	��������������������������
�����	��$7$�	�����	�����������
������������������
���	
������������������5(+&��$7$������
������	��
������	�5(+&"*&5&����������������:����)"+��������
��	�����������	��	���������������������
������	���
�������������	����������
��������#���	�
������
!	���	�������	��������������	��	�������
������	��
���$7$�����	��
��������������������)"55��������������
��������������
	��������	��	����������������
���	���
	�����������	�B
@� �	���������������
�����������������������������	
�

354������������8�������������������3*4�
�������

�����	��	�������
��	
�������������������������
$�2��
�����	��3�������������4

@� �����
������	�����$7$�����
���
��������������
�������
�������	�������	����������	�����$��������
7����3����
������	�4

@� �����
������	���������$��������7�����
�������
�	������	��$7$�3����7!�55%�%4��������������	��
	������
��������	�������	����	������������3����
�����	�4

�����	�
����
�
��
��	�������
����*&5&�������������
���	9�
������5%��������3�	
�5�))(�C�����*&&(��	�
5�*%)�C�����*&5&4���

�������
�������������	�������
����*&5&�������������
���	9�
������)��������3�	
�5�*,5�C�����*&&(��	�5�*&)�
C�����*&5&4�

Table 5–4 Strontium-89,90, Technetium-99, 
Iodine-129, and Cesium-137 
Migration Estimates

Radionuclide
Total Activity 
(millicuries)

Strontium-89,90 26
Technetium-99 13
Iodine-129 23
Cesium-137 37

Table 5–5 Average 2010 Concentrations of Radioactivity in the Savannah River

Location Gross Alpha (pCi/L) Gross Beta (pCi/L) Tritium (pCi/L)
RM–160.0 3.83E-01 2.20E+00 9.83E+01
RM–150.4 9.28E-01 2.73E+00 6.34E+02
RM–150.0 3.86E-01 2.22E+00 2.77E+02
RM–141.5 4.87E-01 2.19E+00 3.62E+02

RM–118.8 4.64E-01 2.35E+00 3.49E+02

a 1 millicurie = 0.001 Curie

../ensurv/Data Table 5-10 - 2010 Radioactivity in Savannah River Water.xls
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Figure 5–6 SRS Tritium Transport Summary, 1960–2010
SRS has maintained a tritium balance of direct releases plus migration, stream transport, and river transport since 1960 in an 
effort to account for and trend tritium releases in liquid effluents from the site. The general trend over time is attributable to (1) 
variations in tritium production at the site (production discontinued in the late 1980s); (2) the implementation of effluent controls, 
such as seepage basins, beginning in the early 1960s; and (3) the continuing depletion and decay of the site’s tritium inventory.
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Figure 5–7 Maximum Cesium-137 Concentrations in Wildlife Field and Lab Measurements (pCi/g),  
 2006–2010
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Figure 5–8 Average Cesium-137 Concentrations in Deer and Hogs (pCi/g), 2006–2010
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Figure 5–9 Three-Year Trend Chart of Cesium-137 Concentrations in Soil (pCi/kg)
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Figure 5–10 Three-Year Trend Chart of Cesium-137 Concentrations in Vegetation (pCi/kg)
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Figure 5–11 Creek Plantation Ambient Gamma Exposure Rates for 10 Transects (T1–0 Means Trail 1, 0 
Feet from Savannah River; T2–680 Means Trail 2, 680 Feet from Savannah River, etc.)
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Radiological Dose Assessments

G. Timothy Jannik, Eduardo B. Farfan, Wendy W. Kuhne, and Kenneth L. Dixon
Savannah River National Laboratory

CHAPTER

6

Dose to the Hypothetical Maximally Exposed Individual

When calculating radiation doses to the public, SRS uses the concept of the hypothetical maximally exposed 
individual; however, because of the conservative lifestyle assumptions used in the dose models, no such person is 
known to exist. The parameters used for the dose calculations are as follows: 

For airborne releases - Someone who lives at the SRS boundary (in the sector that has the highest calculated 
radionuclide concentrations) 365 days per year and consumes milk, meat, and vegetables produced at that location

For liquid releases - Someone who lives downriver of SRS (near River Mile 118.8) 365 days per year, drinks 2 
liters of untreated water per day from the Savannah River, consumes 19 kg (42 pounds) per year of Savannah River 
fish, and spends time on or near the river

To demonstrate compliance with the DOE Order 5400.5 all-pathway dose standard of 100 mrem per year, SRS 
conservatively combines the airborne pathway and liquid pathway dose estimates, even though the two doses are 
calculated for hypothetical individuals residing at different geographic locations.



6-2 Savannah River Site

6 - Radiological Dose Assessments

�	�����������*&5&�������������������������������	��
���������������������������*&5&��	������������	����
���������
��������������	������������������	���		��
�	�����	�T�����������	��������������T�����
�����
�����
���������������	���
���	�������������������	������
���
���������
������<������������$7$��	��
����
	������
/��������	�����������������
��������	����
�����	��
���������������	���	��������������
�����������9�	����
���������	������$7$������	��
�������������	�������
������QG��������������*&5&R����������������:��������
���
������������������	������������	��������	������
������������+"5�����+"*��

�	��	������������	�����������:���������������������
��������������	���
�*'(�������������:����������������
����������������	����
�(&�����������	��������������
�������������	�������	��	�����������������������
�������
����������������������	

	����
����������$7$�������
����
��

Dose Calculation Methods

�	������������������	��������	�����$7$�����������	��
�����	���
	����������	�����	������	

�������������
��������Q?7C��5(,,R������
	��������������������$7$�
#2E!�Q*&5&R�

�	
�5(%%���	����*&&(��$7$����������������������
�9�������	����	�����	������	���	���������2;#�
Q5(%%R���	�*&5&���������������	����	�����	������	��
�������������	�����������������	�������	���	���������
/�������	����C	

����	��	��7���	�	�������	�����	��
3/C7�4����������	��,*��3�
>�
�
��
���/��
�������
�
=
��
��������
�8���	�������"���,
�������	�����	�
��
8�����#�?���	���	������"��
��	�������"������	���
?�
�9�	
����Q/C7���5((+R��#9�������	����	�����	��
����	���������������	�������������	�������	���	
�
�������K��������7��	��5*����
�����������
�����
���	�����	�
��	��3	�#�G��
�#�������	��Q#�E��5(('R�

�	��	
����	��������	��������
������	�*&&(�����
���������������������������������������
���������
�	����	�����	������	���������<������������
�9�
�����
�9�	����������������	����	����������������	���55�
������������3&�&+%�
�
�����&�&,,�
�
4�����������
������������	���!	���	�����������������������������	�
�����������������������	���
��	�������	���������<����
���������	������	���	����	����������������	���')�
���������������������������������	��35�1����	���
�����
*�*����	���
4������������������������������
������
�����������	����������������������������������������
�	���
���	������3�����������������'',�����	
�����
�	���������	���������	��',&�������������4���	�����
���	����������������
�9�
������9�	���������������
�	����	����������������	���*�����������������������

������������	��3&�&155�
�
�����&�&15(�
�
4�������
����	������
��	�����������������������	�������������
�	������
�����������	������	�
	���	�����������������
�	����������������������������������������	������	��
�	����	����������������	���*)����������������������
������������	��35�)����	���
�����*�&����	���
4��
������������������
�����������������	�������������
���������������������������������������	
�%�&&&��	�
)�)1%�������
�������������

Meteorological Database

�	���	���	
�������������2;#�����	�
������	�����
�	��������	��������	�����	
���������	�����	����������	�
������
	��������������������������<��������������

���		�	������������	�E�E����J�E���3�	��	
������
���������	
�C�E����J�E��������I�E��4������6�
E���3�	��	
���������������	
�����	��������4������

���		�	���������������A�	����������*&&*"*&&+��
�8�����������
	���������)������	
������	�����	�A
�����	�����������������+"'�

�	���	���	
�������������D�$��#���	�
������
�	�����	��E������3#�E4��������	����	��������6�E���

���		�	����������������������������������������	���
������������#�E��<������	��
�����	���3CE�%%��
!�����
������	��5�&��������	����������	���
�������
CE�%%4������
������	������������������	����	���

Population Database and Distribution

C	���������3�	������	�4��	�����	
���
	���������������
���������������	������	������	�����������)&�
����
������	��$7$�� �����	������D�$��C������ ����M��*&5&�
���������������������	������	�����������)&�
����������	��
����������	��$7$����,%5�&)%A�����������	��(�+��������
	�������*&&&��	������	�������������������������������	�
�����������	������	����������	����	���5&1���	�������
�<����
����	�����������$7$��	�����������������������
�	��������	���������E�������
��	�	���������������
�	������	�����������	���	����$7$�����	��������������
������+"1�

$	
��	�������	����������	��������������	
�$7$���<����
�����������������������	������	������	����������������
C����	��$��������/�������������2	
�����������$������
������3$��������/N24�������	�������	����K�	�����
����������� ����	��G��������������$����E���	���M��
3 G�$E4�C����������������������������
����
���������	������� ����	���$	����C�	������E��	�����
�	���������
����������	����	��������	������	��������
�������$��������/N2����������������*&5&�����*+�'&&�
���	���������������	������	��������������� G�$E�
C��������������������,,�&&&����	�������������� G�$E�
������������������)%�&&&����	���������	�����	������	��
�	�������������	
�	������$7$���<�������������������

../dose/Data Table 6-1 Parameters Used for Liquid Pathway Dose Calculations.xls
../dose/Data Table 6-2 Site-Specific Parameters Used for Airborne Pathway Doses.xls
../dose/Data Table 6-3 Meteorological Data.xls
../dose/Data Table 6-4 Population Distribution Around SRS.xls


Environmental Report for 2010 (SRNS–STI–2011–00059) 6-3

 Radiological Dose Assessments - 6

��
�	���	���	���������������	���B�354� G$�E������
�	���
����3*4�$��������/N2�������	���
����3'4�
�	���
���	��	��:�������������������	��$��������7����
	����������314�������	���������������	������$��������
7����

River Flow Rate Data

$��������7����8	������A��	�����������������
�����	������7����!����55%�%�3D�$��6�������'&5�
�����4A���������	������
�������������������	���
��������8	�������
����������������	����	���	
�5()1�
�	�*&5&�����	��������������������+")��6	������������
���������	����������������������$7$��	������������	����
D���������������O���������P�8	�����������������������
	��354�����
���������������������	�������
�����3*4�����
�������������������
��	��������	���
����������7����
!����55%�%������������������	���������������
����
��������������������������8	���������������	������
��	�����������������+"+����������	������������8	�������
��������	������������	���������������
	���	����������
�������������	��
�������8	���������������������	�����
�	������������	��

�	�*&5&������7����!����55%�%������������3���������4�8	��
����	��+�+&'������������������	���3���4�����������������
�	������������	���������8	������������	���1��������

	�����������*&&(�����������8	������	��+�'*1������
�	��	
����	�������*&5&���������������8	����������

��������������D�$��K�	�	������$�����3D$K$4������
(�%('�����������8	��������������������������������5()1"
*&5&�
�����������8	������	��5&�***�����
����*&5&����������������������8	�����������%�&'&�
�����	�����$��������/N2�����������%�%(%������	�����
 G�$E�C���������������������,�55'������	����� G�$E�
�����������������

Dose Calculation Results
Liquid Pathway
Liquid Release Source Terms

����*&5&����	���������<�����������<������������������
�����	������
����$7$��	������������	����������������
����������1�������	���������	�����������������+"5�
�������	�����	����������������������+",��2����������
+"%��	��������)���������	��	��$7$���<�������	�������
��������������
����	������	�
	�������((��������	��
�����	�����
	����	�����	������������������	
����������
�	�����$��������7�����/��*&5&�����	����	��5�*%)�������
	�������
��������������	
�$7$��	����������/������
�����������������	�����
	����	�������
���������$7$�
�	������������	�������������	������
������������
�
�	��������	�����7����!����55%�%��6	�����������	����
�	
�������	����	��������������������
����������	
�
K�	�����	���C	
����M��F	�����#�������K���������

������3F#K�4��$�����*&&+��
�9�
������9�	����
������������	������������������������������	��
������
����������	��������$7$�	������������

2�����	
��	�����	�����
	���	�����<������8�����
����������	�����������������	�-�����	������������
������������������$	����������2���	�������������

�����	���������
�����
������	�<�������������	����
�����
����������	
�$7$��E����������	������������	��
������	
���3�	����	
���	��	���4�������������������
�	�����
	����	�������
�3$7$������F#K�4�
����������
7����!����55%�%�����������*&5&�����*�&)%��������

Radionuclide Concentrations in Savannah River 
Water, Drinking Water, and Fish

�����	��������	���	�������
����$��������7���������
���������
�5',����$��������7����:������
�������
�����������	����	�����	������������	���������	���
����
�����	�������
	�����	
����	���������
	�����	��
����	�������	������������������	
�$7$�����	��
����
����������������������	���������������������$��������
7�����������	������	���������������������<�����
�����	���������	��������	����������������������������
����������IE2�E��YIa��	����������	�������������
��������
	���������	���������������������������8	������

Radionuclide Concentrations in River Water 
and Treated Drinking Water ����
�������
�	��������	���	�������
��������$��������7����
����7����!����55%�%������������$��������/N2�����
 G�$E����������
��������������������	������������
+"5������������������������	��������	����	�����	����
�����������	�����������������	�����������
�
�	��������	����������������
����������	
�$7$�����
����������	����F#K��

/��*&5&������5*�
	����������������
��	��������	��

����������$��������7�������������7����
!����55%�%�3'1(��C�=I4�����*(�����������������
*&&(��	��������	��	��1('��C�=I������������������
�����������	������������	�������
����������	
�
$7$�����F#K�������	��������������������� �	���	
�
*&&(��	�*&5&������*&5&��	��������	���������� G$�E�
C�������3*)(��C�=I4�������������3'*1��C�=I4�
�����������������������$��������/N2�3*%,��C�=I4������
����
����������������	�	��	��������	�����������
*&&(�������
���������	������#�E��������������

�9�
�
��	���
������������3!CI4�	��*&�&&&��C�=I��
�����������������!CI��	���������	����������������
�	
�$7$�������*&5&�����	���������������+"5������������
���������������������������������	���������	��������	���
�������������	�������	

�������������������
�����
�����������������7����!����55%�%���������	������
!CI��

../dose/Data Table 6-5 Savannah River Mile 118.8 Flow Rates, 1954-2010.xls
../dose/Data Table 6-6 Effective River Flow.xls
../dose/Data Table 6-7 Radioactive Liquid Releases by Source (Curies).xls


6-4 Savannah River Site

6 - Radiological Dose Assessments

 �������
	�������	������	�������������������
�	
�$7$��������
�	�����������	���	��������	����
�	��������	��	����������	�����������������������
�	���	������!CI�
�����	���9�����5�&��E����	������
�����������+"(��������
��	�����������	�������&�&5()�
������� G$�E�C�����������������&�&*11�������� G$�E�
����������������������&�&*5,��������$��������/N2�
����������������������	������5�&���
�	�����������	���
�<���
�����

�	�*&5&��������
�	�����������	����������7����!����
55%�%��	����	������&�&*+'�����������	������	����
�	��	
����	����������7����!����55%�%�����	����
�	

������������������������
��	����	��

Radionuclide Concentrations in River Fish� E��
$7$������
�	������	������������	�����
�9�
�����
�9�	�������������������	
������	���
���	��	��������
������9�������������������	����	����
�����	���	�
����������
�������	��������
���������
�3����������
���	���������	�	����	�������
4��������	����
�����	��
����	��	�$��������7������������'�&&&���������������
�	��������	��	�������
��	������������� ����������	���

'�&&&���
��������	��������	��	�������
��	�����������
����������������������������QC���	����������5((1R�

 �������	��������������	����
�����	������	�������
�
5',�������������
	������������:���8����������������
�����������	�������:������������	����	
������
�5',�
�	
����������������������	���������	���������	������:���
�	������������$��������7����!����55%�%���������������
����
����	����	��	���������	���������
�9�
������9�	����
�����������������
	����	�������
�5',�����
������	������
��������������	
�$7$��������������������-�������	�
�<������	������	��������	��
����������:���������	���
��������������+"5&���	�*&5&��������-�����������
�5',�
�	������
�3������	��:����	��������	��4�����&�&+&�C���
����	
������	������
	����
������������8�������������
	��&�&1)�C����

Dose to the Maximally Exposed Individual

E����	������������+"*���������������	���������	����	�
����
�9�
������9�	����������������	
�$7$���<����
�����������*&5&���������
��������&�&+�
�
�3&�&&&+�

$�4��������	������&�&+��������	������2;#�;���
)1&&�)�3O7������	���	�����	��	���������������������

Table 6–1 2010 Radioactive Liquid Release Source Term and 12-Month Average Downriver Radionuclide
 Concentrations Compared to EPA’s Drinking Water Maximum Contaminant Levels (MCLs)

12-Month Average Concentration (pCi/L)
Curies Below BJWSA BJWSA Savannah EPA

Nuclide Released SRSa Chelseab Purrysburgb I&Dc MCL

H-3(d) 2.06E+03 3.49E+02 2.59E+02 3.24E+02 2.87E+02 2.00E+04

Sr-90 3.84E-02 6.51E-03 4.83E-03 6.04E-03 5.35E-03 8.00E+00

Tc-99 2.39E-02 4.05E-03 3.01E-03 3.76E-03 3.33E-03 9.00E+02

I-129 2.65E-02 4.49E-03 3.33E-03 4.17E-03 3.70E-03 1.00E+00

Cs-137 4.53E-02 1.02E-02 7.55E-03 9.44E-03 8.37E-03 2.00E+02

U-234 4.09E-04 6.94E-05 5.15E-05 6.44E-05 5.70E-05 1.03E+01

U-235 1.95E-05 3.31E-06 2.45E-06 3.07E-06 2.72E-06 4.67E-01

U-238 3.61E-04 6.12E-05 4.54E-05 5.68E-05 5.03E-05 1.00E+01

Pu-238 2.05E-03 3.48E-04 2.58E-04 3.23E-04 2.86E-04 1.50E+01

Pu-239 1.64E-04 2.78E-05 2.06E-05 2.58E-05 2.29E-05 1.50E+01

Am-241 7.34E-05 1.24E-05 9.24E-06 1.16E-05 1.02E-05 1.50E+01

Cm-244 1.76E-05 2.98E-06 2.21E-06 2.77E-06 2.45E-06 1.50E+01

Alpha 7.15E-02 1.21E-02 9.00E-03 1.13E-02 9.97E-03 1.50E+01

Beta 1.26E-01 2.14E-02 1.59E-02 1.98E-02 1.76E-02 8.00E+00

a Near Savannah River Mile 118.8, downriver of SRS at the U.S. Highway 301 bridge
b Beaufort-Jasper, South Carolina, drinking water
c Port Wentworth, Georgia, drinking water
d The tritium concentrations and source term are based on actual measurements of the Savannah River water at the various 

locations. They include contributions from the VEGP.  
All other radionuclide concentrations are calculated based on the measured releases and the effective river flow rate.

e MCLs for uranium based on radioisotope-specific activity X 30 μg/L X isotopic abundance
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Table 6–2 Potential Dose to the Maximally Exposed Individual from SRS Liquid Releases in 2010

Committed 
Dose (mrem)

Applicable 
Standard (mrem)

Percent 
of Standard (%)

Maximally Exposed Individual
Near Site Boundary 
(all liquid pathways)

0.06 100a 0.06

At BJSWA Chelsea 
(public water supply only)

0.02 4b 0.5

At BJSWA Purrysburg 
(public water supply only)

0.02 4b 0.5

At Savannah I&D 
(public water supply only)

0.02 4b 0.5

a All-pathway dose standard: 100 mrem per year (DOE Order 5400.5)
b Drinking water pathway standard: 4 mrem per year (DOE Order 5400.5)
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Table 6–3 Potential Dose to the Maximally 
 Exposed Individual from SRS 
 Atmospheric Releases in 2010

MAXDOSE–SR
CAP88 

(NESHAP)
Calculated dose 

(mrem)
0.05 0.06

Applicable 

Standard (mrem)
10a 10b

Percent of 

Standard (%)
0.5 0.6

a DOE: DOE Order 5400.5, February 8, 1990
b EPA: (NESHAP) 40 CFR 61, Subpart H, December 
  15, 1989
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6 - Radiological Dose Assessments
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Figure 6–1 Ten-Year History of SRS Maximum Potential All-Pathway Doses
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Committed 
Dose (mrem)

Applicable 
Standard (mrem)a

Percent 
of Standard (%)

Maximally-Exposed-Individual Dose

All-Pathway (Liquid Plus Airborne Pathway) 0.11 100 0.11

Sportsman Dose

Onsite Hunter 12.4 100 12.4
Creek-Mouth Fishermanb 0.22 100 0.22

Savannah River Swamp Hunter

Offsite Hog Consumption 0.18

Offsite Deer Consumption 0.37

Soil Exposurec 2.90

Total Offsite Deer Hunter Dose 3.27 100 3.27

Savannah River Swamp Fisherman

Steel Creek Fish Consumption 0.22

Soil Exposured 0.28

Total Offsite Fisherman Dose 0.40 100 0.40

Table 6–4 2010 Maximum Potential All-Pathway and Sportsman Doses Compared to the 
 DOE All-Pathway Dose Standard

a All-pathway dose standard: 100 mrem per year (DOE Order 5400.5)
b In 2010, the maximum dose to a hypothetical fisherman resulted from the consumption of bass from the mouth of Steel Creek.
c Includes the dose from a combination of external exposure to and incidental ingestion and inhalation of the worst-case Savannah 

River Swamp soil
d Includes the dose from a combination of external exposure to and incidental ingestion and inhalation of Savannah River Swamp 

soil near the mouth of Steel Creek

../dose/Data Table 6-30 Deer and Hog Hunter Doses.xls
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Table 6–5 Potential Lifetime Risks from the Consumption of Savannah River Fish Compared to 
 Dose Standards

a All radiological risk factors are based on observed and documented health effects to actual people who have received high doses 
(more than 10,000 mrem) of radiation, such as the Japanese atomic bomb survivors. Radiological risks at low doses (less than 
10,000 mrem) are theoretical and are estimated by extrapolating the observed health effects at high doses to the low-dose region 
by using a linear, no-threshold model. However, cancer and other health effects have not been observed consistently at low 
radiation doses because the health risks either do not exist or are so low that they are undetectable by current scientific methods.

Committed Dose

(mrem)

Potential Riska

(unitless)

2010 Savannah River Fish

1-Year Exposure 0.22 1.5E-07
30-Year Exposure 6.60 4.6E-06
50-Year Exposure 11.00 7.6E-06

Dose Standard  

100-Mrem/Year All Pathway  

1-Year Exposure 100 7.3E-05
30-Year Exposure 3,000 2.2E-03
50-Year Exposure 5,000 3.7E-03
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6 - Radiological Dose Assessments
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Figure 6–2 Ten-Year History of SRS Creek-Mouth Fisherman’s Doses
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Regulatory Integration & Environmental Services
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7-2 Savannah River Site

7 - Groundwater
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Figure 7–1 Hydrostratigraphic Units at SRS
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Modified from Clarke and West, 1998
Figure 7–2 Groundwater at SRS
The groundwater flow system at SRS consists of four major aquifers separated by confining units. Flow in recharge 
areas generally migrates downward as well as laterally—eventually either discharging into the Savannah River and 
its tributaries or migrating into the deeper regional flow system. Additional information concerning hydraulic heads 
and flow directions may be found in figures 19–22 of the “Environmental Data/Maps - 2010” appendix on the CD 
accompanying this report.
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7-4 Savannah River Site

7 - Groundwater
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Sample Scheduling and Collection

The Geochemical Monitoring group and the Environmental Monitoring Services section schedule groundwater 
sampling either in response to specific requests from SRS personnel or as part of their ongoing groundwater 
monitoring program. Approximately 1,100 wells and numerous direct-push holes are sampled each year. Most of 
the wells are sampled semiannually, but many are sampled only annually. These groundwater samples provide data 
for reports required by federal and state regulations and for internal reports and research projects. The data are 
presented in spreadsheets on the attached CD, and fill approximately 186,000 lines.

Nonradioactive constituents that may be analyzed are commonly imposed by permit or work plan approval. These 
include metals, field parameters, and suites of herbicides, pesticides, volatile organics, and others. Radioactive 
constituents that may be analyzed include gross alpha and beta measurements, gamma emitters, iodine-129, 
strontium-90, radium isotopes, uranium isotopes, and other alpha and beta emitters.

Groundwater samples are collected from monitoring wells, generally with either pumps or bailers dedicated to 
each well to prevent cross-contamination among wells. Occasionally, portable sampling equipment is used; this 
equipment is decontaminated between wells.

Sampling and shipping equipment and procedures are consistent with EPA, SCDHEC, and U.S. Department of 
Transportation guidelines. EPA-recommended preservatives and sample-handling techniques are used during 
sample storage and transportation to both onsite and offsite analytical laboratories. Potentially radioactive samples 
are screened for total activity prior to shipment to determine appropriate packaging and labeling requirements.

Deviations from scheduled sampling and analysis for 2010 (caused by dry wells, inoperative pumps, etc.) were 
entered into the site’s groundwater database and issued in appropriate reports. 
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Remediating Contaminated SRS Groundwater
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Environmental QA Program 
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Quality Assurance

Jay Hutchison
Environmental & Bioassay Laboratory, Environmental Monitoring Laboratory
 
Donald Padgett and Monte Steedley
Regulatory Integration & Environmental Services
 
Rick Page
Area Completion Projects 

During 2010, responsibilities for administering the Savannah River Site (SRS) environmental quality assurance (QA) 
program again were divided among three groups—Environmental Monitoring Laboratory (EML), Environmental Monitoring 
Program (EMP), and Area Completion Projects (ACP).
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8-2 Savannah River Site

8 - Quality Assurance 
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Applicable Guidelines, Standards,  
and Regulations

Jack Mayer
Savannah River National Laboratory
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Table A–1 National Ambient Air Quality Standards for Criteria Air Pollutants – 2010

Pollutant
Primary Standards Secondary Standards

Level Averaging Time Level Averaging Time

Carbon Monoxide
9 ppm (10 mg/m3) 8-houra

None
35 ppm (40 mg/m3) 1-houra

Lead
0.15 μg/m3 b Rolling 3-Month Average Same as Primary

1.5 μg/m3 b Quarterly Average Same as Primary

Nitrogen Dioxide
53 ppbc Annual (Arithmetic Average) Same as Primary

100 ppb 1-hourd None 

Particulate Matter (PM10) 150 μg/m3 24-houre Same as Primary

Particulate Matter 
(PM2.5)

15.0 μg/m3 Annualf (Arithmetic Average) Same as Primary

35 μg/m3 24-hourg Same as Primary

Ozone

0.075 ppm (2008 std) 8-hourh Same as Primary 

0.08 ppm (1997 std) 8-houri Same as Primary 

0.12 ppm 1-hourj Same as Primary

Sulfur Dioxide

0.03 ppm Annual (Arithmetic Average) 
0.5 ppm 3-houra

0.14 ppm 24-houra

75 ppb 1-hour None

a  Not to be exceeded more than once per year

b  Final rule signed October 15, 2008

c  The official level of the annual NO2 standard is 0.053 ppm, equal to 53 ppb, which is shown here for the purpose of clearer 
comparison to the 1-hour standard.

d  To attain this standard, the 3-year average of the 98th percentile of the daily maximum 1-hour average at each monitor within an 
area must not exceed 100 ppb (effective January 22, 2010).

e  Not to be exceeded more than once per year on average over 3 years

f  To attain this standard, the 3-year average of the weighted annual mean PM2.5 concentrations from single or multiple community-
oriented monitors must not exceed 15.0 μg/m3.

g  To attain this standard, the 3-year average of the 98th percentile of 24-hour concentrations at each population-oriented monitor 
within an area must not exceed 35 μg/m3 (effective December 17, 2006).

h  To attain this standard, the 3-year average of the fourth-highest daily maximum 8-hour average ozone concentrations measured 
at each monitor within an area over each year must not exceed 0.075 ppm (effective May 27, 2008). 

i 1  To attain this standard, the 3-year average of the fourth-highest daily maximum 8-hour average ozone concentrations measured
   at each monitor within an area over each year must not exceed 0.08 ppm. 

 2  The 1997 standard—and the implementation rules for that standard—will remain in place for implementation purposes as 
   EPA undertakes rulemaking to address the transition from the 1997 ozone standard to the 2008 ozone standard.

 3  EPA is in the process of reconsidering these standards (set in March 2008).

j 1  EPA revoked the 1-hour ozone standard in all areas, although some areas have continuing obligations under that standard 
   (“anti-backsliding”).

 2  The standard is attained when the expected number of days per calendar year with maximum hourly average 
   concentrations above 0.12 ppm is < 1.

k  Final rule signed June 2, 2010. To attain this standard, the 3-year average of the 99th percentile of the daily maximum 1-hour 
average at each monitor within an area must not exceed 75 ppb. 



A-4 Savannah River Site

Appendix A

�	��?�2#$���
������������������������	��$7$��	�
�����������������	����������
����������$��������
7���B���	�����������������������
����3$C&&1,1'5�
����$C&&&&5,)4�������	���	
�������	�����
����
3$C7&&&&&&��	�������������������������$C75&&&&&�
�	��	�������	�����������4�

E�:������
���3?2&&,*5*)4�������	����������������
�	�����	���	��	����������������	����
�����������������
�������������������	������������������������
����
��������

2���������<���
������	��������
���������������
�	���A�������������
�������
������	����
���
��
�����	���������
�������
��������<�����������

���	���	��	����������������
���A��������	�������
�����������������
�������������������������	������������
��	����$C26#CM������	
�	��/��	
���	��;�:������
%&'"%(%"'%%*�

Site Streams
$7$�����
�����������:������O���������P����$	����
C�	�����7�������	��+5"+(��OC�����:���������P�
���������������:�������7�������	��+5"+%��O�����
C�����:����	�������$��������P�������������������������
�	
@� ��
�����������	������	������������	�����������

��������������	����������	������	��������
����
������	�����������$C26#C��<���
����

@� :���������������������������	������	��	����
����������������	����<�������	

������	��������
����8	�

@� �����������������������������

������E"+��	�������	
��	�����������:��$	����C�	�����
�������������������������������<��������������������
�������������	
��	���������������������	��<�����:������
���������	���������������	�����	
�3�������
	����	��
��������	���4�

Savannah River
 �����������$��������7���������:���������$	����
C�	�����7�������	��+5"+(��������������������
������
�������������������������
��
�����������������
��
3������E"+4�

Drinking Water
�����������$����2������������E��A�����������5(,1�
�	��	���������������������������������A�����
������
���5(,,��5(,(��5(%&��5(%+������5((+�

$7$�������������������
������������	�����������$7$�
����$C26#C��	��������	
�������������$C26#C�$�����
��
���2������������7�������	���37+5")%4�����#�E�
?���	������
���2������������7�������	���31&�C�7�
5154�

$7$���������������������������	�
	��������������������
E�E����2�E��������J�E��������
���������������������
������������$C26#C��7�
	�������������A��������
:�������	��	���������������������
��	����A�����H��
�	������������	�����������������������������������	��
������	��	��������

 �����	�	��������
���������	�����������������H���

	������	�<�������������	���������	��	���$C26#C�
���	��������	���������	���������������H�����
���������
	���������
������	
�����E�E����2�E��������J�E���
�����
���I���������	�����	
����������
��������
�	�������������'�������	
������������
���E�����
����
����������*&5&�
���$C26#C������<�����������������

Groundwater
K	������������������������	���������������-����	��
�	����	�����	���������������	��
�����$7$��!	�������
5�&&&����������
	���	�������������������������	��������
�����	���	������������!	���	������������	��������
�	�����	���	��
�������	
����	������������	�
����	����	���
�����	����	�����������������
	���	����

Table A–2 Airborne Emission Limits for  
 SRS Coal-Fired Boilers

Sulfur Dioxide 3.5 lb/106 Btua,b

Total Suspended 
Particulates

0.6 lb/106 Btua,b

Opacity 40%

a British thermal unit
b Heat input per hour

Table A–3 Airborne Emission Limits for  
 SRS Fuel Oil-Fired Package Boilers

Sulfur Dioxide 0.5 lb/106 Btua,b

Total Suspended 
Particulates

0.6 lb/106 Btua,b

Opacity 20%

a British thermal unit
b Heat input per hour
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Table A–4 Airborne Emission Limits for  
 SRS 784–7A Biomass Boiler

Sulfur Dioxide 0.5 lb/106 Btua,b

Total Suspended 
Particulates

0.6 lb/106 Btua,b

Nitrogen Oxides 0.33 lb/106 Btua,b

Opacity 20%

a British thermal unit
b Heat input per hour

Table A–5 Airborne Emission Limits for SRS  
 784–7A Oil-Fired Package Boiler

Sulfur Dioxide 3.5 lb/106 Btua,b

Sulfur Dioxide 0.5% Sulfur

Total Suspended 
Particulates

0.6 lb/106 Btua,b

Total Suspended 
Particulates

0.03 lb/106 Btua,b

Nitrogen Dioxide 0.15 lb/106 Btua,b

Opacity 20%

a British thermal unit
b Heat input per hour
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Table A–6 South Carolina Water Quality Standards for Freshwatersa

a This is a partial list of water quality standards for freshwaters.  SOURCE: SCDHEC, 2008

Parameters Standards

Fecal coliform Not to exceed a geometric mean of 200/100 mL,  
based on five consecutive samples during any  
30-day period; nor shall more than 10 percent of the  
total samples during any 30-day period exceed  
400/100 mL

pH Range between 6.0 and 8.5

Temperature Generally, shall not be increased more than 5°F  
(2.8°C) above natural temperature conditions or be  
permitted to exceed a maximum of 90°F (32.2°C) as  
a result of the discharge of heated liquids; for more  
details, see E.12, Regulation 61–68, “Water Classifications 
and Standards” (April 25, 2008)

Dissolved oxygen Daily average not less than 5.0 mg/L, with a low of  
4.0 mg/L

Garbage, cinders, ashes, sludge, or other refuse None allowed

Treated wastes, toxic wastes, deleterious 
substances, colored or other wastes, except in 
the parameter immediately above

None alone or in combination with other substances
of wastes in sufficient amounts to make the waters
unsafe or unsuitable for primary-contact recreation or 
to impair the waters for any other best usage as 
determined for the specific waters assigned to this 
class

Toxic pollutants listed in South Carolina Regulation 
61–68, “Water Classifications and Standards”

See Appendix: Water Quality Numeric Criteria for
the Protection of Aquatic Life and Human Health, 
Regulation 61–68, “Water Classifications and Standards” 
(April 25, 2008) 
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Figure A–1  SRS EM Program QA Document Hierarchy
This diagram depicts the hierarchy of relevant guidance and supporting documents for the SRS QA program.

References to the standards, guidance, and documents cited in this figure can be found in SRS, 2008 
(see References, page R–3).
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Radionuclide and  
Chemical Nomenclature

APPENDIX

B
Nomenclature and Half-Life for Radionuclides

Radionuclide Symbol Half-lifea,b Radionuclide Symbol Half-lifea,b

Actinium-228 Ac-228 6.15h Iodine-129 I-129 1.57E7 y

Americium-241 Am-241 432.7 y Iodine-131 I-131 8.020 d

Americium-243 Am-243 7.37E3 y Iodine-133 I-133 20.8h

Antimony-124 Sb-124 60.20 d Krypton-85 Kr-85 10.76 y

Antimony-125 Sb-125 2.758 y Lead-212 Pb-212 10.64 h

Argon-39 Ar-39 269 y Lead-214 Pb-214 27m

Barium-133 Ba-133 10.53 y Manganese-54 Mn-54 312.1 d

Beryllium-7 Be-7 53.3 d Mercury-203 Hg-203 46.61 d

Bismuth-212 Bi-212 1.009 h Neptunium-237 Np-237 2.14E6 y

Bismuth-214 Bi-214 19.9 m Neptunium-239 Np-239 2.355 d

Carbon-14 C-14 5715 y Nickel-59 Ni-59 7.6E4 y

Cerium-141 Ce-141 32.50 d Nickel-63 Ni-63 101 y

Cerium-144 Ce-144 284.6 d Niobium-94 Nb-94 2.0E4 y

Cesium-134 Cs-134 2.065 y Niobium-95 Nb-95 34.99 d

Cesium-137 Cs-137 30.07 y Plutonium-238 Pu-238 87.7 y

Chromium-51 Cr-51 27.702 d Plutonium-239 Pu-239 2.41E4 y

Cobalt-57 Co-57 271.8 d Plutonium-240 Pu-240 6.56E3 y

Cobalt-58 Co-58 70.88 d Plutonium-241 Pu-241 14.4 y

Cobalt-60 Co-60 5.271 y Plutonium-242 Pu-242 3.75E5 y

Curium-242 Cm-242 162.8 d Potassium-40 K-40 1.27E9 y

Curium-244 Cm-244 18.1 y Praseodymium-144 Pr-144 17.28 m

Curium-245 Cm-245 8.5E3 y Praseodymium-144m Pr-144 m 7.2 m

Curium-246 Cm-246 4.76E3 y Promethium-147 Pm-147 2.6234 y

Europium-152 Eu-152 13.54 y Protactinium-231 Pa-231 3.28E4 y

Europium-154 Eu-154 8.593 y Protactinium-233 Pa-233 29.967 d

Europium-155 Eu-155 4.75 y Protactinium-234 Pa-234 6.69 h

Page 1 of 2

a m = minute; h = hour; d = day; y = year
b Reference: Chart of the Nuclides, 16th edition, revised 2002, Lockheed Martin Company
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Page 2 of 2

a m = minute; h = hour; d = day; y = year
b Reference: Chart of the Nuclides, 16th edition, revised 2002, Lockheed Martin Company

Nomenclature and Half-Life for Radionuclides (cont.)

Radionuclide Symbol Half-lifea,b Radionuclide Symbol Half-lifea,b

Radium-226 Ra-226 1599 y Thorium-234 Th-234 24.10 d

Radium-228 Ra-228 5.76 y Tin-113 Sn-113 115.1 d

Ruthenium-103 Ru-103 39.27 d Tin-126 Sn-126 2.3E5 y

Ruthenium-106 Ru-106 1.020 y Tritium (Hydrogen-3) H-3 12.32 y

Selenium-75 Se-75 119.78 d Uranium-232 U-232 69.8 y

Selenium-79 Se-79 2.9E5 y Uranium-233 U-233 1.592E5 y

Sodium-22 Na-22 2.604 y Uranium-234 U-234 2.46E5 y

Strontium-89 Sr-89 50.52 d Uranium-235 U-235 7.04E8 y

Strontium-90 Sr-90 28.78 y Uranium-236 U-236 2.342E7 y

Technetium-99 Tc-99 2.13E5 y Uranium-238 U-238 4.47E9 y

Thallium-208 Tl-208 3.053 m Xenon-135 Xe-135 9.10 h

Thorium-228 Th-228 1.912 y Zinc-65 Zn-65 243.8 d

Thorium-230 Th-230 7.54E4 y Zirconium-85 Zr-85 7.9 m

Thorium-232 Th-232 1.40E10 y Zirconium-95 Zr-95 64.02 d
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Units of Measure
Symbol Name Symbol Name

Temperature Concentration

°C degrees Centigrade ppb parts per billion

°F degrees Fahrenheit ppm parts per million

Time Rate

d day cfs cubic feet per second

h hour gpm gallons per minute

y year

Conductivity

Length μmho micromho

cm centimeter

ft foot Radioactivity

in inch Ci curie

km kilometer cpm counts per minute

m meter mCi millicurie

mm millimeter μCi microcurie

μm micrometer pCi picocurie

Bq becquerel

Mass

g gram Radiation Dose

kg kilogram mrad millirad

mg milligram mrem millirem

μg microgram Sv sievert

mSv millisievert

Area μSv microsievert

mi2 square mile R roentgen

ft2 square foot mR milliroentgen

μR microroentgen

Volume Gy gray

gal gallon

L liter

mL milliliter



Fractions and Multiples of Units
Multiple Decimal Equivalent Prefix Symbol Report Format

106 1,000,000 mega- M E+06

103  1,000 kilo- k E+03

102  100 hecto- h E+02

10  10 deka- da E+01

10-1  0.1 deci- d E–01

10-2  0.01 centi- c E–02

10-3  0.001 milli- m E–03

10-6  0.000001 micro- μ E–06

10-9  0.000000001 nano- n E–09

10-12  0.000000000001 pico- p E–12

10-15  0.000000000000001 femto- f E–15

10-18  0.000000000000000001 atto- a E–18

Conversion Table (Units of Radiation Measure)
Current System Systéme International Conversion

curie (Ci) becquerel (Bq) 1 Ci = 3.7x1010Bq

rad (radiation absorbed dose) gray (Gy) 1 rad = 0.01 Gy

rem (roentgen equivalent man) sievert (Sv) 1 rem = 0.01 Sv

Conversion Table

Multiply By To Obtain Multiply By To Obtain

in 2.54 cm   cm 0.394 in.

ft 0.305 m m 3.28 ft

mi 1.61 km km 0.621 mi

lb 0.4536 kg kg 2.205 lb

liq qt–US 0.946 L L 1.057 liq qt–US

ft2 0.093 m2 m2 10.764 ft2

mi2 2.59 km2 km2 0.386 mi2

ft3 0.028 m3 m3 35.31 ft3

d/m 0.450 pCi pCi 2.22 d/m

pCi 10-6 μCi μCi 106 pCi

pCi/L (water) 10-9 μCi/mL (water) μCi/mL (water) 109 pCi/L (water)

pCi/m3 (air) 10-12 μCi/mL (air) μCi/mL (air) 1012 pCi/m3 (air)
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