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Environmental ALARA Program
at the

Savannah River Site

G. Timothy Jannik, Principal Scientist; Westinghouse Savannah River Company; Aiken, S.C.

Abstract

The Savannah River Site (SRS) follows the ALARA (As Low As Reasonably Achievable) philosophy of keeping
radiation doses to the general public as low as practical by minimizing radioactive releases to the environment.

SRS accomplishes this goal by establishing challenging sitewide and area-specific Environmental ALARA
Release Guides and trending radioactive releases against these guides on a monthly basis.

The SRS Environmental ALARA Program, mandated by DOE Order 5400.5, is a dose-based program that has
gone through many changes and improvements in recent years.

A description of the SRS Environmental ALARA Program and its performance is presented in this paper. Recent
SRS studies of the "Zero Release" option also are described.

Introduction

The Savannah River Site (SRS), one of the largest facilities in the U.S. Department of Energy (DOE) complex,
was established in 1952. The site is operated by the Westinghouse Savannah River Company (WSRC). SRS
produces and processes plutonium and tritium for national defense purposes; however, nuclear materials
produced at the site also are used for other government programs and for some civilian purposes. For example,
SRS-produced Pu-238 is used as an energy source in the U.S. space program.

SRS is located approximately 25 miles southeast of Augusta, Georgia, and 12 miles south of Aiken, South Caroli-
na. The site occupies an area of approximately 325 square miles adjacent to the Savannah River, principally in
Aiken and Barnwell counties of South Carolina. Figure 1 shows the regional location of SRS.

SRS consists of six major production areas:

• Reactor areas (C, K, L, P, and R)

• The reactor materials area (M)

• Separations areas (F and H)

• Waste management areas (E, F, H, S, and Z)

• The heavy water reprocessing area (D)

° Administration and research areas (A and TNX)

Ali six of the site's production areas have released and/or currently have the potential to release, radioactive
materials to the environment. The diverse and complex nature of the operations performed at these production
areas causes unique problems and challenges for the programs and processes involved in monitoring, preventing,
and controlling radioactive releases from the site.

Various federal regulatiens establish limits on the amount of radioactive materials that are allowed to be dis-
charged to the environment. In addition to maintaining compliance with these regulations, SRS follows the
ALARA (As Low As Reasonably Achievable) philosophy of keeping radiation doses to the general public as low
as practical by minimizing radioactive releases to the environment.

SRS accomplishes this goal by establishing challenging sitewide and area-specific Environmental ALARA Re-
lease Guides, which are set well below ali applicable federal standards, and then trending site radioactive releases
against these guides on a monthly basis.
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Figure 1 Regional Location of SRS

SRS, approximately 325 square miles in area, is located about 25 miles southeast of Augusta, Georgia, and
12 miles south of Aiken, South Carolina.
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This paper presents a description of the SRS Environmental ALARA Program and its performance. Recent SRS
studies of the "Zero Release" option also are discussed.

SRS Environmental ALARA Program

DOE Order 5400.5 (Ref. 1) requires that a management program be established at all DOE facilities, "in
accordance with the contemporary risk-based system," to minimize off-site doses resulting from radioactive
releases to the environment and to maintain them ALARA.

In response to this requirement, the SRS Environmental ALARA Program emphasizes dose-based effluent ac-
countability for all radioactive discharge points at each of the operating facilities. Traditionally, radioactive
release guides were established in terms of the total quantity (curies) of radioactive material released. By utilizing
this approach, it was difficult to directly relate to and consider the vastly differing health risks associated with
various radionuclides. In addition, most current federal regulations governing radioactive releases generally spec-
ify dose standards, not activity limits. Therefore, since 1990, SRS Environmental ALARA guides have been
dose-based.

The following is an example of the differing health risks associated with the various radionuclides: The radioiso-
tope tritium (H-3), when released from the center of SRS to the atmosphere in the oxide form, has an estimated
maximum off-site dose consequence of 9.2 E-07 mrem per curie released. Comparing this to the estimated
maximum dose consequence from center-of-site airborne releases of Cesium-137 (Cs-!37), which has a dose
factor of 1.4 E-01 mrem per curie released, shows that Cs-137 causes approximately six orders of magnitude (a
factor of one million) more dose per curie of radioactivity released than does H-3 (Ref. 2). These differing health
risks are a major consideration of the SRS dose-based Environmental ALARA Program.

Off-Site Dose Determination and Trending: As part of the SRS Environmental ALARA Program, monthly
release quantities from each radiological discharge point are used to calculate effective dose equivalents (EDEs)
to the maximally exposed off-site individual. The measured radioactive release quantities are multiplied by site-
specific dose conversion factors in order to calculate the EDEs. Every month, the calculated EDEs for both
atmospheric and aqueous releases are trended and compared individually to established Area Environmental
ALARA Release Guides and collectively to an overall site Environmental ALARA Release Guide. This monthly
comparison, as well as year-to-date compilations, are documented in a Monthly Radioactive Releases Report.
To ensure timeliness, this report is issued within 45 days of the end of each calendar month.

The aforementioned effective dose equivalent includes the committed effective dose equivalent (50-year
committed dose) from internal deposition of radionuclides and the effective dose equivalent due to penetrating
radiation from sources external to the body.

The site-specific dose conversion factors used in the calculations are determined by scientists at SRS's Savannah
River Technology Center (SRTC). SRS uses the external and internal dose factors provided by DOE (Ref. 3) in
conjunction with standard radiation transport and dose models developed for the commercial nuclear industry
(Ref. 4).

The DOE dose factors are based on International Commission on Radiological Protection (ICRP) Publication
30 (Ref. 5), with modifications from ICRP 48 (Ref. 6) for plutonium and other related elements. The transport
and dose models are implemented at SRS in the following computer programs:

• MAXIGASP- used to calculatP maximum and average doses to off-site individuals from atmo-
spheric releases. It is an SRTC-combined version of the Nuclear Regulatory Commission (NRC)
computer programs called XOQDOQ (atmospheric transport) and GASPAR (exposure path-
way). The modifications incorporate the input of required physical and biological data specific
to SRS. The program also allows input for multiple release points. The radionuclide transport
and dose calculations in the XOQDOQ and GASPAR programs were not modified.

• LADTAPII - used to calculate both maximum and average doses to off-site individuals and the
population from liquid releases. It is an unmodified version of the NRC computer program of
the same name.
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Details on these environmental models and computer programs are available ill the following referenced docu-
ments (Refs. 4, 7-9).

SRS uses adult consumption rates for food and drinking water to estimate the maximum off-site EDEs. These
intake values were developed specifically for SRS based on an updated regional survey (Ref. 10). The survey
includes data on agricultural production, meat and milk production, consumption rates for food products, and use
of the Savannah River for drinking water and recreational purposes. Use of these survey data allows more site-spe-
cific environmental assessments for SRS operations.

Proces_ for Establishing Environmental ALARA Release Guides: The following programmatic steps are fol-
lowed during the establishment of SRS's Environmental ALARA Release Guides:

• Annual area and site Environmental ALARA Release Guides are developed by the Environmen-
tal ALARA Release Guides Committee prior to the beginning of each calendar year. This
committee, made up of the Environmental Coordinators from each operating area, is chaired by
a representative from WSRC's Environmental Monitoring Section (EMS).

• The Environmental ALARA Release Guides Committee formally meets at least once a year
(typically in November) to develop the annual release guides and discuss changes and improve-
ments in the Environmental ALARA Program. Additional meetings may be convened as
required.

• The established Environmental ALARA Release Guides are reviewed, and revised as needed in

response to production schedule changes, at least twice during the calendar year (typically oil
April 30 and August 31), or upon special request by the Environmental ALARA Management
Steering Committee.

• The Environmental ALARA Release Guides, including any subsequent revisions, are authorized
by the Vice President and General Manager of the SRS Environmental, Safety, Health, and Qual-
ity Assurance (ESH&QA) Division, based on recommendations from the Environmental
ALARA Management Steering Committee. The purpose of this steering committee, which is
made up of senior staff members from each WSRC operating division, is to oversee the activities
of the Environmental ALARA Release Guides Committee, authorize revisions to the Environ-
mental ALARA Release Guides, and ensure that Environmental ALARA Release Guides are
established at challenging levels.

• The Environmental ALARA Release Guides are developed according to the ALARA process
considerations delineated in DOE Order 5400.5, Section II.2 (Ref. 1).

• The Environmental ALARA Release Guides are based on routine site operations. Each facility
and/or Area representative on the Release Guides Committee takes into consideration historical
baseline releases, current production forecasts, and major facility shutdowns and start-ups dur-
ing the establishment of area and site Environmental ALARA Release Guides. Accurate quanti-
fication of production schedule effects is the goal of this effort; thus, nominal percentage changes
in the guides are avoided.

• The acting chairperson of the Environmental ALARA Release Guides Committee (EMS repre-
sentative) compiles ali area and site ALARA Guides, obtains authorization for their use, and doc-
uments tile established ALARA Guides in the SRS Monthly Radioactive Releases Report.

Applicability of the Environmental ALARA Release Guides: The SRS Environmental ALARA Release
Guides apply only to measured, direct discharges from the site facilities. Radionuclide quantities calculated from
fugitive sources and migration from site seepage basins are not included in the Environmental ALARA Program.
Also excluded are releases of radionuclides (i.e. Kr-85 and C- 14) that cannot be directly measured in facility efflu-
ents, using routine radioanalytical methods, and unidentified alpha and beta releases. However, official year-end
dose estimates include these fugitive, migration, unidentified alpha and beta, and calculated releases, and their

d
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totals are published by EMS in the SRS Annual Environmental Report (Ref. 11). Therefore, the Environmental
ALARA Program dose estimates, which allow for trending and management oversight on a monthly basis, are
expected to differ from the official values reported in the SRS Annual Environmental Report.

Corrective Actions for Exceedances of En v.ironmental ALARA Release Guides: If, at any time during the cal-
endar year, the cumulative off-site EDE for either atmospheric or liquid releases exceeds the respective area or
site Environmental ALARA Guides, the affected Facility/Line Management representative on the Release
Guides Committee investigates, or ensures that the appropriate Department Manager investigates, the cause of
the exceedance and the corrective actions taken or planned to mitigate the release.

Results of the exceedance investigation are reported, via memorandum, to the acting chairperson of the Environ-
mental ALARA Release Guides Committee. This memorandum is issued within 30 days after the exceedance
has been reported, and the results of the investigation are documented in the SRS Monthly Radioactive Releases
Report.

If subsequent to the issuance of an investigation memorandum, additional releases occur that individually or
cumulatively exceed the area or site Environmental ALARA Guides, on addendum to the pertinent memorandum
is issued and reported as above.

Nonroutine Releases: Nonroutine release quantities also are included in the Environmental ALARA
Program. They are reported by the affected Facility/Line Management, via memorandum, to the acting chairper-
son of the Environmental ALARA Release Guides Committee within 45 days of their occurrence and are docu-
mented by the acting chairperson in the SRS Monthly Radioactive Releases Report.

Performance of Program

At SRS, the Environmental ALARA Program became a dose-based program in 1990. During the past few years,
programmatic improvements have served to make the Environmental ALARA Release Guides both more
realistic and more challenging.

Recent improvements include the following:

• Establishment of a senior management steering committee that provides oversight for the Envi-
ronmental ALARA Program

• Requirements for documentation of the basis for continued facility releases

• Requirements for accurate quantification of production schedule effects

• Identification of alternative operations and processes that would reduce, or eliminate radioactive
releases

As can be seen in figure 2, the SRS Environmental ALARA Release Guides and the estimated EDEs from actual
measured releases have decreased each year since 1990. In addition, the gap between the annual release guide
and the estimated doses from actual releases has narrowed dramatically.

Because the challenging release guides that SRS has established approximate anticipated release levels, they
serve as a stimulus for reductions in radioactive releases. Closely trending releases in this manner allows WSRC
to identify and correct incipient releases, or small process upsets, that occur at levels too low for on-line process
monitors to detect. This timely identification and mitigation of small increases in radioactive releases is the cor-
nerstone of the SRS Environmental ALARA Program.

"Zero Release" Options

During the past two years, WSRC has conducted two separate but similar in-depth studies of the programs and
practices involving radioactive releases from SRS. The first study concerned liquid radioactive releases, and the
subsequent analytical review process culminated in the issuance of the "Environmental Release Prevention and
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Figure 2 SRS Environmental ALARA Guides

Control Plan" (ERP & CP) (Ref. 12). The second study concerned airborne radioactive releases, and it culminated
in the "Airborne Release Prevention and Control Plan" (ARP & CP) (Ref. 13).

These studies, which were performed in conjunction with the overall SRS Environmental ALARA Program,
utilized a team of facility environmental coordinators and a crosscut of technical, operations, and support
personnel to compile information and analyze site programs and practices. This team was guided by a senior
management steering committee, which met numerous times in order to review progress and approve
recommendations.

A large part of the emphasis of these studies was placed on the "Zero Release" concept. This concept required
that, for each of the site's radiological effluent points (both outfalls and stacks), ali options and alternatives
available for the elimination or minimization of radioactive releases be identified and analyzed for viability.
These initiatives included capital-project-type engineered solutions to reduce the sources of radioactive
contaminants. Ali initiatives were considered in detail, and an order-of-magnitude cost/benefit analysis of the

impact on releases was performed for each one. Recommendations based on the cost/benefit analyses were
developed and documented in the ERP & CP and ARP & CP.

Because tritium (in both the oxide and elemental form) accounts for more than 99 percent of the total amount of
radioactivity released from SRS, it was the radionuclide given the most attention during these studies. Tritium,
the radioactive isotope of hydrogen having a half-life of 12.3 years, is generated as a product or by-product of
several specific SRS processes. During the years of site operations, tritium has accumulated in various waste and
process streams and has entered the environment as an atmospheric release or as a liquid release to sire streams
and seepage basins.
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The fact that tritium behaves physically and chemically the same as hydrogen makes it extremely difficult to sepa-
rate or remove from waste streams. However, during the development of the ERP & CP and ARP & CR the fol-
lowing physical actions and long-term projects (engineered solutions) that would prevent and/or control tritium
releases were identified and analyzed for feasibility:

• Control of tritiated source terms to effluent treatment facilities (long-term storage)

• Hydraulic barriers to prevent seepage basin migration

• Solidification of the tritiated waste in a concrete/grout composition

• Discharge of tritiated waste into large percolation/tile fields

• Construction of a detritiation facility

• Remediation of site seepage basins

• Elimination of once-through process cooling water systems

• Expedited startup of the Replacement Tritium Facility (RTF), which is a state-of-the-art tritium
processing facility that is expected to reduce site atmospheric releases of tritium by over 60
percent

Because current off-site dose consequences from SRS operations are small (maximum EDE during 1992 was
estimated to be 0.22 mrem from all pathways, which is just 0.22 percent of the 100 mrem standard) and because
of the large implementation costs involved, none of the above projects, with the major exception of RTF startup,
were determined to be justifiable at this time (Ref. 11). However, DOE-SR and WSRC have made a commitment
to annually review and document the status of tritium handling and releases at SRS and to reevaluate the technical
and process options of tritium reductions and effluent detritiation.

Conclusion

The recent in-depth analyses of the processes and practices involved in radioactive releases at SRS has led to sub-
stantial progress in identifying, characterizing, and understanding issues that are critical for controlling and pre-
venting future releases. In addition, the identification and initiation of program and process improvements--in-
cluding physical, procedural, and administrative--has furthered the ALARA philosophy and enhanced the
overall SRS Environmental ALARA Program by making it more realistic, timely, and challenging.
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