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EXECUTIVE SUMMARY 

The Composite Analysis estimates the projected cumulative impacts to kture members of the public 
fbm the disposal of low-level radioactive waste (LLW) at the Idaho National Engineering and 
Environmental Laboratory (INEEL) Radioactive Waste Management Complex (RWMC) and all other 
sources of radioactive contamiaation at the INEEL that d d  interact with the LLW disposal facltity to 
&ect the radiological dose. The impacts are compared with applicable U. S. Department of Energy (DOE) 
dose criteria as well as relevant U. S. Environmental Protection Agency (EPA) standards. 

Based upon the Composite Analysis evaluatiun, waste buried in the Subsurface Disposal Area 
(SDA) at the RWMC is the only source at the INEE that will significantly interact with the LLW M t y .  
The source term used in the Composite Analysis consists of al l  hist~rical SDA subsurfbe disposals of 
radionuclides as well as the authorized LLW subsufsce disposal inventory and projected LLW subsurface 

database for risk assessment (CIDRA) and subsequent modificatiolls of CIDRA data for specific 
radionuclides. 

disposal inventory. The Composite Analysis source texm was developed fnrm the confaminan t inventory 

Exposure scenarios evaluated in the Composite Analysis include the all-pathways and groundwater 
protection scenarios. The potential dose from gas-phase radionuclides in the air pathway has been shown 
fo be negligible. Receptors are assumed to use groundwater fiom a well located at the INEEL boundary 
during the Operations and institutional control period which ends in the year 2120 and at 100 m (328 rt) 
from the SDA facility boundary during post-instituticatal control. Potential cumulaliw health impacts &om 
the active LLW disposal faciiity and all other sources of radioactive material in the groundthat may 
interact with the LLW disposal facility are assessed fbr a hypothetical fiture member of the public. Figure 
1 summarizes the exposure pathways evaluated for the Composite Analysis. 

-. Irrigation Plants - 
Leachingand Comdnde(j - 1 

1 
Animals - SDA Infiltration Water Stock 

Watering 
-+ Ingestion 

Animal - 
Products 

I 
Figure 1. Exposure pathways at the RWMC considered in the Composite Analysis. 
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All-pathways and groundwater doses to a hypothetical fi~ture member ofthe public were ez;timated 
for the following time periods: 

0 operational and institutional umtrol period - present until the year 2120, at the WEEL 
boundary. 

0 post-institutonal control compliance period for approximately 1,000 years from present - year 
2120 until the year 3000,100 m (328 rt) fiom the RWMC baundary. 

The peak all-pathways dose for the period of institutional control for a member of the public located 
at the INEEL Site boundary is 0.06 d y r  occudng in the year 2120. The dose calculaiions during the 
post-institutional compliance period for a member of the public located 100-m (328-ft) downgradient of the 
LLW facility is 58 mrem/yr Occurring in the year 3000. The primary radionuclides contributing lo the dose 
are Np-237, U-234, U-238, and C-14. Table 1 presents the r d t s  of the Composite Analysis and 
compares them with the pe~onnane objectives for the all-pathways and groundwater protection :scenarios. 

The projected dose of 58 W y r  exceeds the Composite Analysis guidance dose constraire of 30 
mredyr; therefore, an options analysis was conducted to determine the feasibility of reducing the projected 
annual dose. Three options for creating such a reduction were considered: (1) lowering i&hration of 

control over the RWdC and precipitation through the waste by providing a better cover, (2) mambmng 
portions of the INEEL indehitely, and (3) extending the period of institutioaal control beyond the 100 
years assumed in the Composite Analysis. Of the three options investigated, maintaining control lover the 
RWMC and a small part of the present INEEL appears to be feasible and cost efkctive. 

. . .  
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Table I. Comparison of results with performance objectives for all-pathways and groundwater protection. 
Performance objective Regulatory refmeme Operational and insiiwtid Post-instimional control 

~ l p e r i o d s l  peritxi until the year 3000~ 

100 &yr (DOE primary dose l i t )  and All-pathways' 0.23 mrdyr 58 d y ~  
30 d y r  (CA dose l i  for Options Analysis) 

4mrem/yr1~111*madeb&-g~~naEDE Groundwater pmtectiond 0.06 mrem/yr 9.7 d y  

20,000 pCi €I-3 oonomtraton Groundwater pmtection' 6.5 pCi 515 pCin 

8 pCin Sr-90 concentration OrOundWater protectiond 4.912-5 pcin 1.7E-3 pCin 

5 pCVL Ra-226 and Ra-228 concentration *undwaterprotectiond 3.512-8 pCin 3.2E-4 pCin 

15 pCin gross alpha concentration Groundwater protection' 6.0E-4 pCin 5.1 pein 

20 pg& uranium concentration Groundwater protectiond 0.03 p a  261 Pa 

a Duringthe opffntional and instiitional control periods, Erom 1984 to 2120, the reoeptor is at the INEEL S i  boundary. 
b. Duringthe post-Whtional control period, h n  2120 to the year 3000, the t'6ceptor is 100 m b m  the SDAboundaty. 
c. From the Composite Analysis Guidance Docum DOE, 1996. 
d. DetivedfKnncumntandproposedMCLs. 
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I. INTRODUCTION 

The U.S. Department of Energy (DOE) requires a Composite Analysis (CA), in addition to either a 
Performance Assessment (PA) pursuant to DOE Order 5820.2A or risk assessments pursuant to the 
Comprehensive Environmental Response, Cornpendon, and Liability Act (CERCLA), for each active and 
planned low-level radioactive waste (LLW) disposal kw. The CA is a coflservative assessment of the 
cumulative impacts fiom active and planned LLW disposal fhcilities, and all other sources of radioactive 
con tamination that couid interact withthe LLW disposal facility to affect the dose to future members of the 
public. The projected total dose to a hypothetical b e  member of the public from these sources is 
compared with the DOE primary dose limit of 100 mrem/yr and with the 30 mrem/yr dose constraint. If 
the calculated dose exceeds the 100 mrem primary annual dose limit, an options analysis will be conducted 
to identi@ alternatives for reducing future doses to tolerable levels. Ifthe calculated dose exceeds the 30 
mrem annual dose cons&&, an options analysis will be prepared to consider the actions that d d  be 
taken to reduce the calculated dose and to consider the costs of those actions. The CA process, including 
an Options Analysis and rewmmendations for further action will support the DOE decision-making 
process to ensure that continuing LLW disposal will not compromise future radiological protection of the 
public. 

The operating disposal area for LLW at the Idaho National Engineering and Environmental 
Laboratory (INEEL) is a shallow land disposal hility located at the Radioactive Waste Management 
Complex (RWMC). The LLW subsurface disposal k % t y  is a large contiguous pit comprising pits 17 
through 20 and vertical d t s .  Vaults receive waste that requires remote handling for radiation protection. 
A PA of the active disposal facility was @armed by Maheras et al. (1994 and 1997). The PA esthatd 
potential annual radiological doses resulting from the disposal of LLW during the period 1984 through 
2020 and the results indicate pe&rmanm compliance in the 1,000 yr period specified by DOE with a 
reasonable assurance that public health and safety will be protected. 

The RWMC PA was conditionally approved on August 30,1996 and final acceptance is umtingent 
upon the completion and acceptatlce of the Composite Analysis. The RWMC CA follows Guidance for a 
Composite Analysis of the Impact of Interacting h r c e  T e r n  on the Radiological Protection of rhe 
Publicfiom Department of Energy Low-he1 Waste Disposal Facilities (DOE, 1996). The entire 
historid and projected subsurface radiological source term disposed in the vicinity of the operating LLW 
disposal area as well as additional sources at the INEEL which could afFkct the radiological dose received 
by a hypothetical future member of the public are evaluated in the CA. Sources of potential radiation doses 
beyond the RWMC are d u a t e d  for any contribution due to interacting source terms. The dose 
from gas-phase radionuclides in the air pathway is negligiile. The CA presents an analysis of the 
radiological dose from exposure to wntamhted groundwater for all-pathways (consumption of 
um taminated drinking water, con taminated produce, and co ntaminated meat and dairy products) for the 
estimated final subsurface source term at the RWMC. 

Included in the RWMC CA report are a discussion of: (1) the RWMC facility and its past, present, 
and future operations, and its location with respect to other radiological sources on the JNEEL, (2) quality 
of available data, (3) method of source tern development, (4) composite pedormance analysis, (5) 
sensitivity and uncertainly analysis, (6) interpretation of results, and (7) options analysis. 
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1.1 RWMC Facility Description 

The RWMC contains the historical subsurface disposal area as well as the opemtiug LLW 
subsurface disposal area for solid radioactive wastes at the INEEL. The R W C  is located in the 
southwestern portion of the INEEL site (Figure 1-1). The mission of the R W C  is to manage, in a safe 
and e n v i r o m y  sound manner, the disposal of low-level radioactive waste and the storage of 
transuranic (TRU) radioactive waste (transuranic activity greater than 100 nCi/g), along with the 
development of technologies that will serve the waste management needs of present and planned fhilities at 
the INEEL. About 2265 m' (80,000 p) of low-level radioactive waste are disposed at the facility each 
Y*- 

The R W C  is divided into four major areas: Administrative Area, Operations Zone, S u b s u b  
Disposal Area (SDA), and TransUranc Area (TSA) (Figure 1-2). The Administrative Area, locat~d in the 
northeast section of the fhility, consists of buildings used for office space and other activities that support 
operations. The Operations Zone, a 4-ha (10-acre) area located west of the A- 've Area, tmnsists 
of buildings and storage sheds used for operations and other activities that support the R W C .  The SDA, 
a 39-ha (97-acre) area located in the western section of the Mty, is dedicated to permanent shallow-Iand 
disposal of solid, low-level radioactive waste. The SDA is surrounded by a security fence and conltains 
pits, trenches, and vaults for underground waste disposal. The TSA, a 23.5-ha (58-acre) area locslted in 
the southern section of the facility, is dedicated to the temporary storage of contact- and remote-handled 
solid transuranic wastes. TransUanic waste generated by na;tional defense programs was disposecl in the 
SDA fkom 1954 to 1970 and placed in storage fimn 1970 to the present. At the f8cility's Stored Waste 
Examination Pilot Plant, some ofthe transuranic waste is being vented, examined, and certified for eventual 
disposal at a permanent national repository, such as the Waste Isolation Pilot Plant (WIPP) in New 
Mexico. Nondestructive examination techniques are used to v e e  that transmm 'Cwastemeetstble 
acceptance criteria for WIPP. Certified containers are stored in the Waste Storage Facility until shipment 
to WIPP for permanent storage. 

Mixed hazardous waste materials were disposed of at the SDA fiom 1952 until late 1983. ]From 
1984 to present only LLW has been disposed to the SDA. Trenches, pits, and soil vault rows that were 
open before 1984 could potentially contain mixed waste. In terms of disposal locations, this incluck waste 
buried in trenches 1 through 58, soil vault rows 12 through 13, and pits 1 through 16. The active LLW 
disposal area coIlsists of pits 17 tbrough 20, and soil vault rows 14 through 20 r e p r e  an area 
approximately 1.6 ha (4 acres) in size within the 39-ha (97-acre) SDA. An array of vertical concrete 
vaults for disposal of remote handled LLW is constructed within pit 20. 

1.1.1 Past Disposal Practices 

In A Hisrov of the Radioacfive Wmte hhagement Complex at the Idaho National Engineering 
Laboratory (EG&G 1985), past operations were discussed in terms of four time intervals: early disposal 

1985. The intervals were defiued on the basis of disposal practices of the day and waste that was received 
during the period. The i n f o d o n  that follows was taken fiom that document. 

(1952 to 1959), inkrim burial p u n d  (1960 to 1963), the mid-&late 1960s (1964 to 1969), and 11970 to 

1.1.1.1 Disposals from 1952 to 1959. The RWMC was established in 1952 and was managed and 
operated by the Atomic Energy Commission (AEC) Site Survey Branch. The first trench was opened for 
the disposal of solid waste in July of 1952. The RWMC acid pit, located outside of the original biurial 
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Figure 1-1. Location of the R W C  at the INEEL. 
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area, began receiving waste in 1954. Between 1952 and 1957, Trenches 1 through 10 were excavated to 
basalt and averaged 1.8 m (6 ft) wide, 274.3 m (900 ft) long, and 3.7 m (12 ft) deep. In 1957, Pit 1 was 
excavated for the disposal of large, bulky items. With the excavation of Pit 1, space in the original burial 
ground was marly consume therefore, the facility was expanded in 1958 to the current SDA size of 39 ha 
(97 acres). The acid pit, no longer outside the disposal area, was i n c o w  within the SDA boundary. 

Disposal practices during this time were dependent on the classification of the waste as either 
routine or nonroutine. Routine solid waste was identified by health physics personuel based qn the daily 
occupational exposure limits at the time. Typically consisting of paper, laboratory glassware, filters, metal 
pipe fittings, and other items con tamkted by mixed hsion products during testing operations, routine 
solidwastewaspackagedincardboardboxes. Theboxesweretapedshutandcollectedindumpstersthat 
eventually were emptied into the trenches in the burial ground. Nonroutine waste, defined as waste that 
could cause excess personnel exposure, was either placed in wooden boxes or in garbage cans. Special 
transport containers and vehicles were used to haul the waste to the disposal site. Up until 1957, the 
radiation level was not limited fix any disposal, and items regiskxing up to 12,000 wht were buried. Both 
nonroutine and routine waste was covered with soil, but according to different schedules. Nonroutine waste 
was covered immediately whereas routine waste boxes may have been left exposed until the end ofan 
operating week. Because completion of a ‘tvaSte disposal form” was not a requirement until 1959, early 
disposal records are sketchy. In 1959 procedures were standardized with the establishment of formal 
definitions of routine and nonroutiue waste. The new procedure also required the completion of a 
standardizeawastedisposalfonn. 

Duringtheearlywastedisposatperiod,theRwMCalsoacceptedwastes~~en~fforpermanent 
disposal from the Rocky Flats Plant under authorization of the AEC. TRU waste fiom Rocky Flats, 
packaged in dnuns or wooden crates, was stacked horizontally in pits and trenches along with the INEEL 
mixed fission product waste fiom 1954 to 1957. Therefore, most of the pits and trenches in the original 
burial ground contain INEEL waste interspersed with TRU waste f b m  Rocky Flats. The records for the 
Rocky Flats disposals did not accompany the shipments. Instead, an annual summary of disposals 
provided total radionuclide content and waste volume. 

Originally, trench locations were recorded by observation against metal tags placed at regular 
intervals along the barbed-wire enclosure that surrounded the burial ground. In the late 1 9 5 0 ~ ~  this 
procedure was discontinued, and concrete survey monuments were placed at the ends of the centerline of 
eachtrench and at the corners of each pit. A brass plate stamped with the trench or pit number and the 
dates the trench or pit was opened and closed, and a direction arrow were afkedto each monument. The 
older @sal sites were retrofitted with monuments, but the accuracy of the IocatiOnS is somewhat 
uncertain. 

7- f .  7.2 Disposals from 7960 to 1963. The AEC determined that land disposal was preferable to 
offshore ocean disposal of solid radioactive waste. However, a commercially operated land disposal site 
was not available to private industries licensed by the AEC. Therefore, the AEC created an Interim Burial 
Ground Program fix dqosal of solid radioactive waste generated by AEC licensees while commercial sites 
were selected and established. Two facilities for interim disposal were selected and the R W C  became 
one of the two. From 1960 until commefcial b d  sites became available in 1963, the RWMC accepted 
approved shipments from off-Site generators in additon to the Rocky Flats and INEEL, waste for disposal 
at the burial ground. Waste shipments from Ro& nats continued after the commercial sites opened 
because of security concerns. 
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During this period, several changes occurred in burial ground operations. First, the AEC de:legated 
authority to mamge and operate the burial ground to the INEEL operating contractor. Tasks managed 
under this authority included health physics surveillance and arrangements for nonstandard disposslls. The 
contractor refined and formalized standard practices for disposal operations and implemented a sys;tem of 
carefhl record keeping. Another change in disposal practices regarded the physical burial of TRU waste 
&om Rocky Flats. Begirrmns inNovember 1963 and Continuing until 1969, drums from Rocky F h  were 
dumped into pits rather than stacked to reduce labor cosfs and personnel exposures. Enviranmentarl 
monitoring systems were improved to incorporate film badges arouud the perimeter ofthe burial ground. 

During the time from 1960 to 1963 when the Interim Burial Ground Program was active, T~.enches 
16 through 25 and Pits 2 through 5 were open fir disposal. These excavations received some mixture of 
stacked or dumped Rocky Flats TRU waste, and off-Site waste. 

7.7.7.3 Disposals from 7964 fo 7969. By the mid-1960~~ coflcern about the environmental irrlpacts of 
waste disposal sigmficady influend waste management. Disposal practices, monitoring systems, and the 
adequacy of fkdities were subjected to critical scrutiny, result@ in the passage of environmental 
legislation designed to protect the environment. In Idaho, the particular concern was then, as now, about 
maintenanm of water quality in the Snake River Plain A@er (SRPA). Numerous studies were conducted 
by various agencies that concluded previous burial of radioactive waste did not generate off-Site health or 
safety problems. However, several improvements were recommended to monitor and miti- potential 
impacts fiom continued waste burial. 

Modifications to procedures for permanent interment inciuded: (1) increasing the minimum trench 
depth &om 0.9 to 1.5 m (2 to 5 ft), (2) lining the bottoms of excavations with at least 0.6 m (2 ft) c f  soil 
underburden, (3) co- the waste by dropping a heavy steel plate on the waste in trenches, and (4) 
increasing the cover over each disposal area fiom a minimum soil cover of 0.6 m (2 ft) to 0.9 m (3 ft). 
These modifications were implemented between 1964 and 1970. In addition, TRU disposal, especially 
plutonium- ' waste, was discontinued in 1969. Instead of burying TRU waste, the waste 
containers were stacked aboveground. 

The environmental monitoring program was revised during this period. The 35 film badges around 
the perimeter of the burial ground were replaced with 18 thermoluminescent dosiraeters. Water sarnples 
also were collected and d y d  fiom subsurface monitoring holes, and field investigations to assess 
leaching were conducted. Threats to the aquifer were not identified. 

7.7.7.4 Disposals from 7970 to 7985. The greatest departure from previous disposal practices during 
this period was the implementation of the 1970 AEC Policy Statement Regarding Solid Waste Burial 
@G&G 1985; AEC 1970). The policy required segregated and retrievable storage of all solid waste 
con taminated with long-lived TRU in concentrations of greater than 10 nCi/g. The AEC also c o m a  to 
removing buried and stored TRU fiom the R W C .  The new policy initiated several changes in wiste 
disposal practices within the SDA and was the genesis of the TSA for the above-ground storage of TRU 
waste until a permanent repository for such waste becomes available. Originally, TRU waste was defined 
asallwastecon taminated with TRU radionuclides in concentratons greater than 10 nCi/g. In 198:2, the 
definition of TRU was redefined as materials with concentrations of greater than 100 nCi/g at the end of 
institutional control containing alpha-emittiug radionuclides of atomic number greater than 92 and :half- 
lives longer than 20 years. 

A pad was collstrcLcfed within the SDA in an area found unsuitable for subsurface disposal clue to 
the presence of shallow surlicial sediments. Originally called the Engineered Waste Storage Area, this pad 
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was later calledthe Transuranic Disposal Area and is now commonly &erred to as Pad A. Pad Awaste 
contains TRU alpha- radioisotopes with concentrations of less than 10 nCi/g and exposure rates 
lessthan200mR/hratthecontsuner ' s&. Pad A waste was not officialy categorized as TRU, but 
interim disposal techniques were @lemented in the event of the desire or requirement of retrieval in the 
fiture. Boxes were stacked around the periphery of Pad A, and drums were stacked horhntally in 
staggered layers and covered with soil. Disposal operations were conducted on Pad A fiam 1972 to 1978. 
The pad and waste were covered with a f i d  soil layer with aminimum 0.9-m ( 3 4  thickness, contouredto 
a maximum 1:3 slope, and seeded with grass. 

Other modifications including c~mpaetion, packaging criteria, and enlarging pit volumes were made 
to SDA disposal practices during 1970 to 1985 because of concern about space availability. The Naval 
Reactors Facility 0 began compacting its disposals beghhg in 1971. By 1974 the practice of 
compactingwastedevelopedbyNRFwasimplementedattheRwMC. GeneratorsofwasteattheINEEL, 
except NRF, began sorting their own waste and shipping non-TRU compactible waste to the RWMC in 
plastic bags to expedite compaction operations. The volumes of pits were expanded by using heavy 
equipment to remove ihctwed basalt from the base of the excavations. Beginning with Pit 17 in 1980, 
explosive hctming was used to deepen pit excavations. A soil underburden of at least 0.6 m (2 ft) thick 
was addedto merthe basalt f f i r e  waste was interred, and a f b l  layer of compacted soil at least 0.9 m 
(3 ft) thick covered the buried waste. In 1985, the practice of incorporating a m e  liner into the 
underburden was implemented. Packaging criteria were m&ed in 1978 to facilitate close-packed array 
stackhg within the pits. In combination, the above practices greatly expanded the useable space within the 
SDA and significantly extmded the operational Btime ofthe Wty. 

A d d i t i d  changes to disposal practices were implemented during the 15-yr period to minimi2.e 
personnel exposures to radiation emaDating from the waste. Begirming in 1977, areas not suited fbr pits 
were reserved for soil vault rows. Soil vaults, consisting of cylindrical vertical shafts with diameters 
ranging from 0.4 to 2 m (1.3 to 6.5 ft) and averaging about 3.6 m (12 A) deep, were drilled in rows, and 
vaults within any given row were at least 0.6 m (2 A) apart. At least 0.6 m (2 ft) of soil was placed in the 
hole ifbasalt was penetrated during drilling. The soil vaults were designed for the disposal of high- 
radiation waste, defined as materials producing a beta-gannna exposure rate greaterthan 500 mwhr at a 
distance of 0.9 m (3 ft). Soil vault disposals were conducted c o n d y  with trench disposals fkom 1977 
to 1981. Trenches also received high-radiation waste until trench clisposal was discontinued in 1981 and 
the unfilled trench area was redesigned for soil vaults. General disposal practices were the same fix pits, 
trenches, and soil vaults. For example, compacted waste was baled; larger, bulky items were wrapped in 
plastic; and smaller noncompactible waste was wntained in wooden boxes covered with fire retardent 
paint. Waste was placed into the excavations by free-air transfer or in shielded casks, depending on the 
exposure rate measured on the outside of the waste container. The three types of waste were buried in 
separate areas within a given excavation. To expedite natural drainage, a fbl soil cover at least 0.9 m (3 
ft) thick was crowned and compacted over each excavation as it became full. 

1.1.2 Disposal Practices Since 1985 

Presently Pits 17,18,19, and 20 and Soil Vault Rows 14 through 20 are the major burial areas open 
in the SDA to receive LLW. About 2,265 m3 (80,000 @) of LLW are disposed to the h i l i t y  each year. 
Pits and soil vaults are excavated and backfilled with 0.6 m (2 ft) of soil over the basalt. Containers of 
waste are stacked in the pit or soil vault. An earth cover is applied to provide a minimum cover of 0.9 m (3 
it) over all waste during the operatiod period. Additional earth covering may be applied during 
operations ifthe radiation level of the covered waste is greater than 1 m r d  at 0.9 m (3 ft) above the 
ground. 
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LLW generated at the INEEL primarily consists of c o n U  or potentdly-contaminated 
protective clothing, paper, rags, packing material, glassware, tubing, and other general-use items. Also 

ntamhtd equipment (such as gloveboxes and ventilation ducts) and process waste (such as 
with radionuclides or are 

included is co 
filter cartridges and sludges). These materials are either surface contaminated 
activated from nuclear reactions. Most of the radioactivity in the LLW at the time of receipt stems from 
short-lived radionuclides. Most of this waste has an e x t e d  exposure rate of e00 mR/h at 0.9 m (3 ft) 
fromthe container surfke. 

LLW disposed in the SDA must meet the requirements of the INEEL Reusable Property, Recyclable 
Materials, and Waste Acceptance Criteria (RRWAC). Should new LLW streams develop and have 
characteristics merent than those allowed in the =WAC, the waste stream is not accepted for disposal at 
the R W C  until an analysis ensures the limitations of the -WAC and R W C  are not exceeded. The 
four categories of LLW handled at the INEEL are nonprocessible (direct disposal) waste, compadtible 
waste, incinerable waste, and sizable waste. 

Nonprocessible waste is LLW that cunently cannot be processed at the INEEL Waste ExpwimW 
Reduction Facility (WERF) due to radiation levels, size, or composition. Nonprocessible waste is directly 
disposed at the SDA and comes to the RWMC in containers such as wooden boxes, metal bins, and 55@ 
drums. The =WAC prohibits the disposal of fhe liquids, hazardous materials, and pyrophorics and 
require physical and chemical waste Characten’lzaon. Void space minimization is required by the 
RRWAC. 

Compactible waste is LLW that cannot be incinerated at W E E  but can be compacted. 
Compactible waste generally contains halogens or s u h r  and some rubber materials, with a radiation level 
e200 mwhr at the surface. Compactible waste is sent to WERF where it can be compacted into 1.2 x 1.2 
x 1.8-m (4x4~6-ft) metal boxes. Compaction achieves a volume redudon ratio of about 5: 1. After 
compaction, the waste is shipped to the RWMC for disposal. 

Incinerable waste consists of rags, plastics, wood, and other combustible material with a mliation 
level less than 20 mR/hr at contact. Most incinerable waste is packaged in cardboard boxes and slhipped to 
WERF where it may be burned in the WERF incinerator. A volume reduction ratio of 50: 1 to 30Ok 1 can be 
obtained depending on the type of material incinerated. The resultiug fly ash mixed waste is treated by 
solidification with cement in 71-gal drums to stabilize the chemically hazardous levels of lead and 
cadmium. To assess the effectiveness of treatment and approval for shipping to the RWMC, the breated fly 
ash is sent for toxicity characterization leachiry! procsdure (TCLP) testing. When the stabilized f l y  ash 
passes the TCLP it is shipped to the RWMC for disposal. 

WERF sizing waste is defined as metal (alumin- stainless and carbon steel, copper, and others) 
with wall-thichess too great for compaction with the WERF 200-ton compactor, having radiation levels 
<lOOmR/hr at contact, and fke of toxic and hazardous material. Metallic waste for sizing is shipped to 
WERF in bins. The bulk metal shipments are then reduced in size to where a volume reduction of about 
4:l is achieved. The sized waste is then packaged and shipped to the R W C  for disposal. 

Disposal of contact-handled LLW since 1984 has averaged approximately 2,000 m3/yr (70,620 
@/yr). In addition, an average of 73 m3/yr (2,577 ff/yr) of remote-handled LLW has been received from 
waste generators; containers of this waste have been disposed of at the RWMC in waste disposal pits or in 
soil vaults. 
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1.1.2.1 Low-Level Radioactive Waste Disposal Pits. Currently a single large excavated area is 
used fix open pit disposal of LLW at the SDA. The excavation is approximately 182.9 m (660 ft) long, 
91.4m(300ft)wide,and9.1m(30ft)deepandisdesignatedasfourpits~ 'vely numbered 17 
through 20 (Figure 1-2). A 0.7 m (2ft) cover of sediment and a thin layer of gravel is placed over the floor 
ofthe excavation where basalt was exposed during excavation. Geofabrc has beenplacedbeneaththethin 
gravel cover in some areas of the excavation floor to provide a stable surfixe for vehicles and equipment. 

Waste disposed in the pits is packaged in barrels, waoden boxes, and metal bins. The greatest 
volume of waste is placed in wooden boxes. For disposal, the waste is segregated by the type of packaging 
andthen placed inthe pits as free-standing stacks. The woodenboxes are stacked in the central portion of 
the excavation, metal bins and materials with odd size or shape are placed on the western side, and metal 
bins, drums, and cargo containers are disposed on the eastena side of the excavation. Waste is closely 
stacked in stable interlocking configurations to a height of 7.3 m (24 ft) and completed waste stacks are 
covered with approximately 1.2 m (4 ft) of sediment. 

1.1.2.2 Low-Level Radioactive Waste Disposal SoiUConcnete Vaults. Soil vaults are vertical 
cylindrical borings drilled into the subsurface at the SDA and are used to dispose of remote handled U W  
which has sufEciently high radiation levels (>500 mR/hr). The diameter of soil vaults constructed in the 
SDA ranges from 0.4 mto 2.0 m (1.3 ftto 6.5 ft) and soil vaults average 3.7 m (12 ft) in depth, with a 
minimum depth of 2.0 m (6.6 A). Whena soil vault bottoms inbasalt, 0.6 m (2ft) of soil is placedinthe 
bottom ofthe vault. The soil vaults are held open until they are filledwith LLW. Once a vault is filled it is 
covered with soil to a minimum thickness of 0.9 m (3 ft). Each vault is separated from the previous vault 
by a minimum distance of 0.6 m (2 ft). The vaults are constructed in rows along predetemhed center 
lines. There are currently 20 soil vault rows at the SDA. Soil vault rows 1 through 13 are inactive 
disposal s b  and are b e i i  investim under the CERCLA program. Soil vault rows 14 through 20 are 
consided active LLW disposal sites interspersed between existing trenches of the CERCLA portion of the 
SDA and will be closed under the CERCLA program. 

In the southwest corner of the active LLW disposal pit area is a 17.7 m (58 ft) by 8.2 m (27 ft) area 
which contains enhanced concrete lined vaults for the disposal of remote handed LLW. The concrete 
vaults are specifically used to dispose of waste gemrated by the NRF. All remote handled LLW generated 
by other INEEL facilities is disposed in soil vaults. The vault array is oriented lengtb-wise to the north, 
with the east west sides of the array being the long sides. The concrete vault array is 7.6 m (25 A) in depth 
and extends from the land surfhce of the top of the pit area (msl elevation 1527.0 m or 5010 A) to the base 
of the pit (msl e l d o n  of 1519.4 m or 4985 ft). Approximately 1.5 m (5 ft) of backfill is beneaththe 
c o ~ v a u i t a r r a y .  

Waste disposal in the concrete vault array is similar to the soil vault disposal. The concrete vaults 
are kept openuntil they are filled with LLW. Once a concrete vault is iilled it is covered with a 1.2 m (4 ft) 
thick reinforced concrete plug. To inhibit moisture intiltration into the vaults, the seams beheen adjacent 
plug caps of filled vaults are sealed with acrylic caulk at the surface of the vault array. Presently, there are 
approximately 50 concrete vaults in pit 20 but only about half of them are filled at this time. 

1.1.3 Future Disposal 

LLW waste disposal is expected to continue through the year 2020. Similar disp~sal practices are 
assumedtobeused. 
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1.2 Potential INEEL Sources Which May Impact the Performanice of 
the RWMC LLW Facility 

The INEEL encompasses 2,305 h2 (892 mi2) with nine major fscilties scathed across the site: 
Test Area North (TAN), NRF, Test Reactor Area (TRA), Idaho Chemical Processing Plant (ICPIP), 
Central Facility Area (CFA), Power Burst Facility (PBF), Argonne National LaboratoryWest (ANLW), 
Experimental Breeder Reactor I (EBR-I), and RWMC (see Figure 1-1). The distance between tht: R W C  
and other major INEn &%ties ranges fiomjust a few kilometers (EBR-1) to over 50 km (3 1 mi) to the 
north (TAN) and over 30 km (19 mi) to the east (ANL-W). 

Under the CERCLA program the INEEL is divided into Waste Area Groups (WAGs) to faditate 
environmental mediation efforts. WAGS 1 through 9 generally correspond to the INEEL operational 
fbdities, while WAG 10 corresponds to overall concerns associated with the SRPA and those s u r b  and 
subsurface areas not included in the bounds of the f8cilty-specific WAGS, 

TAN (WAG 1) is located at the north end of the INEEL, about 55 km (34 mi) northeast of the 
R W C  (WAG 7). TAN was established in the 1950s by the US. Air Force and Atomic Energy 
Commission Aircraft Nuclear Propulsion Program to support nuclear-powered aircraft research. Upon 
termination of this research, the area’s faciities were converted to support a variety of other DOE: research 
projects. Environmental sites under investigation at TAN include an injection well, pits, rubble disposal 
sites, tanks, wastewafef disposal ponds, burn pits, a sewage lagoon, and historic spill sites. 

TRA (WAG 2) is located in the southwest portion of the INEEL, 19 km (12 mi) northeast of the 
RWMC. The major mission of TRA is to conduct scientific and engineering experiments in behalf of DOE 
and to support various nuclear and nonnuclear programs. TRA was established in the early 1950,s with the 
development of the Materials Test Reactor. Two other major reactors: the Engineerins Test Reactor and 
the Advanced Test Reactor were built soon after. The Materials Test Reactor was shut dawn in 1970, and 
the building is now used for offices, storage, and test areas in support of activities at ICPP. The 
Engineering Test Reactor has been inactive since January 1982. The major program at the area now is the 
Advanced Test Reactor. Sites being inv- at TRA include pits, tanks, rubble piles, ponds, cooling 
towers, wells, h c h  drains, and spills. A comprehensive Remedial hvestigatiodFeasibdity Study (RI/FS) 
for TRA has been evaluated under the CERCLA program and more detailed information about this facility 
may be found in Burns et al. (1997). 

ICPP (WAG 3) is located about 16 km (10 mi) northeast of the R W C .  The mission of the plant is 
to receive and store spent nuclear fuels and radioactive wastes, treat and convert wastes, and develop new 
technologies for waste and waste management for the DOE. Before April 1992, this mission also included 
nuclear €bel reprocessing. However, reprocessing work was phased out, and consequently, &iIitiies once 
dedicated to reprocessing work will be converted to a safe and stable shutdown condition while awaiting 
reuse or decontamination and decommissioning. Sites being investigated at ICPP include fkditias 
associated with wasfewater disposal systems such as sumps, ponds, and an injection well, spills, and tank 
fann storage systems. 

CFA (WAG 4) is located about 11 km (7 mi) northeast of the RWMC and is the main semice and 
support center for the programs located at the INEEL’s other primary facility areas. Eighty pemnt of the 
activity at CFA consists of INEEL-wide programmatic support such as transporbtion, maintenance, 
capital construction, environmental and radiological monitoring, security, fire prokction, warehouses, 
calibration laboratories, and a cafeteria. A small amount of research and development work is also 
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conducted. Work on radioactive and hazardous materials is restricted in and around CFA. Sites under 
inveaigation at CFA include historid spills, tanks, landfills, ponds, leach fields, and leach pits. 

PBF (WAG 5) is located in the south& portion of the INEEL, about 26 km (16 mi) northeast 
of the RWMC. PBF was established in the 1950s to test the operational behavior of reactors and to study 
the safety of light-water-moderated, enriched fuel systems. Now the mission of PBF is to become a 
regional and national center for hazardous waste reduction and mixed waste treahnent, research, and 
development. Sites being inves t im  at PBF include evaporation ponds, p l a t i o n  ponds, leach fields, 
pits, and dry wells. In conjunction with WAG 5 is the Awriliary Reactor Area. (ARA). ARA consisted of 
four separate groupings of buildings in which vafious activities have occurred including the operation of 
test reactors. All of the ARA reactofs have been removed hm the facility and have undergone partial or 
~letedecontaminationanddecommissioning. 

EBR-I (WAG 6) is located in the southwestern portion of the INEEL site' about 3 lan (2 mi) 
northeast of the R W C .  EBR-I was the first reactor built on the site and the first reactor in the world to 
generate electricity. It began Operating on Deambez 20,195 1. This reactor provided the first proof that 
nuclear fuel breeding (creating more fuel than is used) was feasible. It is no longer operational, however it 
has become aNational Historic Landmark. Also within WAG 6 are the remains ofthe Boiling Water 
reactor Experiment (BORAX) fhcilities. The BORAX-I reactor was a small experimental reactor used in 
the summer months for 1953 and 1954 for testing boiling water reactor technology. BORAX-I was 
designed to investigate the abiliw of the reactor to protect itself against sudden, artificially-indud 
increases inreactivity. Duringthe lasttest, the reactorwas intentionally &stroyedto determineits inherent 
safety under extreme conditions. Subsequent BORAX experiments, BORAX-II through V, were conducted 
&om 1954 to 1964 152 m (500 ft) east of BORAX-I. Sites being investigated at WAG4 include old tanks, 
a small spill area, and several liquid and solid waste disposal locations. 

RWMC (WAG 7), was established in 1952 and is a controlled area for the disposal of solid 
radioactive waste gmerated at the INEEL. The primary site being i n v e s t i m  under the CERCLA 
agreement is the SDA within the RWMC which includes pits, trenches, and vaults where radioactive and 
organic wastes were placed, with the exception of the active low-level radioactive waste storage area (Pits 
17-20). The TSA within the R W C  has been used since the early 1970s for retrievable storage of 
transuranic waste on earthen-covered pads and in facilities awaiting fhal shipment to WIPP. The Stored 
Waste Examination Pilot Plant is also located at the RWMC and is used for certif j iq waste destined for 
shipment to WIPP. 

NRF (WAG 8), a part of the Bettis Atomic Power Labontoy, was established in the early 1950s to 
support development of naval nuclear propulsion. The h l i t y  is 27 km (17 mi) northeast of the R W C  
and is operated by Westmghouse Electric Corporaton under the direct supervision of the DOE'S Office of 
Naval Reactors. The facility supports the Naval Nuclear Propulsion Program by canying out assigned 
-I%- 'on, and processing activities. Sites under investigation at NRF include landfills, old 
spills, wastewater disposal systems, such as ponds, ditches, basins, drains, and drain fields' and storage 
areas. 

ANL-W (WAG 9) is located in the southeastern portion of the INEEL site, about 39 km (24 mi) 
northeast of the RWMC. ANL-W is the prime testing center in the U.S. for advanced reactor systems 
research. Research centered on the Experimental Breeder Reactor II that operated from 1964 to 1994. 
Along with the reactor's research contributions, it produced electricat power with an electrical output of 
19.5 megawatts of electricity. The reactor is currently being defueled for decommissioning. Sites b e i i  
investigaM at ANEW include tanks and WasteWsLter handling and disposal Systems. 
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2. DATA QUALITY OBJECTIVES 

Data quaby objectives (DQOs) for the Composite Analysis are established by id- the types 
of decisions that will be made and i- the data uses and needs. The primary decision types 
addressed by the Composite Analysis are planning decisions. The Composite Analysis is intended to be a 
conservative estimslte of the cumulative impacts of the active LLW disposal facility and other sources at 
INEEL that may interact to contribute to the total dose to a hypothetical *e member of the public. The 
intent of the Chmposite Analysis is to provide DOE with ample infomation to make reasonable 
management decisions regarding the total LLW disposal system and resource expenditure. Data used in the 
Composite Analysis must be of d c i e n t  quality to support justiscaton of assumptions and therefore 
ensure creclibihiy. The general processes usedto ensure data quality in the source term inventory data, 
compufer simulations, and environmental data used in the Composite Analysis are described below. 

2.1 Inventory Data 

Historicaly the quality of RWMC source term mventory data has periodically been improved as 
methods of measuring and eshathg radionuclide inventories have been refined Early records do not 
include individual radionuclides and the radioactivity was estimated not measured. Improved radionuclide 
identification procedures bave fesulfed in improved estimates of container activity. In addition, data on 
physical and chemical characteristics are now collected. Waste management records have been 
computerized and incowrated into the Radioactive Waste Management Wormation System (R’WMIS). 

Several ef€orts have rem the estimates of disposed inventory in the SDA. Plansky and H o h d  
(1 992) initially improved information regarding radionuclides in LLW buried at the R W C  by 
reconciliafion of RWMIS data with generator infomation. The study utilized generator review of data 
captured in R W S  and subsequent input regarding past processes, disposed wastes, radionuclides, 
activities, weights, and the existence of other sources of information or disposal records. Discrepancies in 
dqosaldatawerei~edandRWMISwasupdatedaccordingly. 

Barnard (1992) performed verification of shipment-qxxific waste information contained in historical 
databases with the RWMIS database. original shipping manifests that accompanied the waste shipments 
for the years 1961 through 1984 were cornpafed with fields on printouts of the RWMIS database. 
Inconsistencies were noted, and proposed amendments to the RWMIS database were reviewed and 
resolved. The RWMIS database was subsequently updated accordingly. 

LMITCO Environmental Restoration Department (ERD) data requirements have led to additional 
refinement of the knowledge of the radionuclide inventory disposed in the SDA. Environmental Restoration 
(ER) activities have resulted in the development of a Contaminant Inventory Database for Risk Assessment 
(CIDRA). Development of the CIDRA is documented in LMFTCO (1995a) and LMITCO (1995b). The 
CIDRA was developed using waste generation process knowledge and various supporting information from 
reports, shipping, databases, and nuclear physics calculations. The CIDRA efFort resulted in a best 
estimate quantity for each known disposed contamimnt including lower and upper bounding estimates. 

For the CA, refinements to radionuclide inventory estimates were performed to 
* 

i d e n a d  data 

capability (SMC) at TAN for radionuclides critical to the 
gaps associated with CIDRA. Data gaps were identilied and reconciled in key waste streams fiom ANL- 
W, NRF, TRA, and the Specific 
performance of the active LLW disposal pits at the SDA. The waste stream updates will be incoxporated 
into CIDRA. Carbonm (1998) provides a reassessment of neutron activation product radionuclides in 
EBR-lI core non-&el bearing structural metal hardware disposed h m  ANL-W. Abbott (1997a,b) and 
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Bradley (1998) provide refined estimates of key environmental radionuclides in NRF core struchmrl waste 
and expended ion exchange resin waste disposed in the SDA. Schnitzler (1995) cal- refined 
estimates of the radionuclide inventories in ATR beryllium (Be) reflector blacks and outer shim cartsol 
cyljnden. The data of Schnitzler (1995) were extrapolated by Honeycutt (1998) to estimate the inventory 
of selected radionuclides in the reported Be block disposals fiom TRA. Sterbentz (1998) has calcullated 
key environmental radionuclide estitllates fix all core cumponents removed b m t h e  Advanced Test 
Reactor (ATR) core per the &re Intemal Changmut schedules, the ATR core component invento.ty 
disposed in the RWMC SDA is not determined therdore, the estimate provides a cotlservatve upper limit. 
Scbnitzler (1998) has calculated an estimate of C-14 production in ATR coolant, providing a basis for the 
determination of Abbott (1998) for estimated C-14 inventov in TRA resin disposal shipments to the SDA. 

Current practices for shipping LLW to the R W C  require waste generators to be approved and the 
waste streamto be authorizedto ensure Wmpliance with req- of RRWAC. Waste m r  are 
C- ’ to ensure the physical and chemical characteristics and radionuclide cantent are known and 
recorded during all stages of the waste management process. The waste characterization and certification 
process is a controlled process that uses records, statement, reports, and data along with a waste 
certifidon stasement signed by the waste generator. Waste shipment information is input into The INEEL 
Waste Tracking system (IWTS) which provides for tracking the cresltion, transportation and disposal of 
UW. 

2.2 Computer Simulation Codes 

The Lockheed Martin Idaho Technologies Company (LMITCO), prime contractor for manajgement 
of the INEEL, Management Control Procedure 550 “Software Management” establishes the unnpany- 
wide d o r m  standard for the management and maintenance of software. Software quality assumice 

for s o h e  used by LMlTCO are found in requirements includmg verification and validation requirements 
(a) DOE orders, (b) NQA-1, (c) W C O  Program 
Assurance Program, (d) LMITCO Program Description Document (PDD)-1 Quality Assurance Arogram, 
(e) LMlrrCO PDD-12 Engineering Design, and (0 other codes and standards, such as those developed by 
American National Standards Institute and Institute of Electrical and Electronic Engineers. 

Document (PRD)-lOl Quality 

2.2.1 Source Term Release Simulation 

The source tern release model provides prediction of the release of co- into the sub&. 
The release model utilized the DUST-MS simulation code (Sullivan 1993) to predict releases fiom buried 
waste into the subsurface. DUST-MS is a onedimensional model and three release mechanisms of‘surf8ce 
washoe diflfusion, and dissolution. Container failure time can be specified. DUST-MS was identified 
during the model selection and validation process (Becker 1997) as the appropriate code for the souu%e term 
modeling. The release models used in DUST-MS are well documented (Sullivan 1993). 

2.2.2 Transport Simulations 

Transport of released mass in the subsurface was simulated us@ the TETRAD code (VinS<lime and 
Shook 1993). TETRAD is a petroleum engineerhglgeothermal numerical simulator that has been i-td 
for use in environmental studies. TEllUD is a three-dimensional, three-phase transport code which can 
model flow in either porous or fmctured media and is well-suitd for simulating multi-phase, multi- 
component transport. Problem descriptions and comparisons to analytical solutions used to verlfy 
TETRAD application to environmental shulations are provided in Shook (1995). Comparison to 
analytical solutions for applications of TETRAD to petroleumlgeothemal problems is given in Vinsome 
and Shook (1993) and Shook and Faulder (1991). TETRAD results give favorable comparison to results 
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b m  MAGNAS multiphase simulation code and thereby provide a partial benchmarkhg of TETRAD 
(Magnuson 1996). 

Quality assurance requirements that have been completed for GWSCREEN include documentation 
of software requirements , theory of operation, and user dcament& 'on. Verification and validation test 
plans (Rood 1993) and a verification and validation report (Smith and m e r  1993) have been 
completed. 

2.2.3 Radiation Physics Simulations 

Radiation physics simulations are used to support source term development. Both MCNP2 and 
ORIGEN2 have been used to predict radionuclide source quantities. Addi t idy ,  MICROSHELD has 
beenusedinsourcetermextrapolation. 

A f o d  verification and validation of ORIGEN2 has not been published by the code developers, 
Oak Ridge N a t i d  Laboratory. However, a number of veritication activities have been undertaken, 
including comparison of ORIGEN2 decay heat results with both calculated and experimental values and a 
comparison of predicted spent fuel compositions with measured values. ORIGEN2 is used widely at DOE 
facilities and in the commerchl nuclear industry, and it is an industry standard for calcalations of the 
production, decay, and ingrowth of radionuclides. MCNP2 is a v a l i W  code used extensively in reactor 
calculatim. A comgrehensive verification of MICROSHIELD has been perfbrmed, and comparisons to 
both ANSI and European Shielding Iofonnation Service benchma& shielding problems have been 
published. 

2.3 Environmental Data 

DQOs for ER data collection are essentially statements that specify the quality of data required to 
support decisions during remedial response activities. DQOs are established before data collection and are 
developed through a process (i. e. DQO development process) which is integrated into project planning. 
Results of the DQO development process are incorporated into Sampling and Analysis Plans (SAPS), 
Quality Assurance Project Plans (QAFjPs), and in a general fashon are incorporated into workplans. 
Guidance provided in Data Quality Objectives for Remedial Response Activities, Development Process 
@PA 1987) is typically used in the development of DQOs. 

Ideally DQOs should be specified for each data collection activity associated with remedial response 
activities. Development of DQOs is a three stage process: 

Stage 1 decision types are identified, 

Stage 2 data uses and needs are identified, 

Stage 3 data collection programs are designed. 

To delineate decision types it is generally necessary to (a) identify and involve data users, (b) 
evaluate available information, (c) develop a conceptual model, and (d) SPecifL objectives and decisions. 
To iden@ data uses and needs requires (a) identification of data uses, types, quality needs, and quantitY 
needs; @) evaluation of sampling and analysis options; and (c) review of precision, aauacy, 
representalivmess, completeness, and comparability (PARCC) parameters. 
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Data collection programs such as a Field Sampling Plan (FSP) result from the implementation of the 
first two stages of the DQO process: (1) identification of decision type, and (2) identification of data uses 
and needs. 

Uniformity in data quality for ER data collection is achieved through the use of site-wide quality 
assurance requirements of the W l i t y  Assurance Project Plan for Wmte Area Groups I ,  2, 3, 4, 5, 6, 7, 
8,9 and 10 (Baumer et al., 1995). The site-wide QAPjP establishes mjnimum standards for the fcdlowing 
data mllection dements: 

quantitative and gualitative quality assurance objectives; 

sample site selection and samphg procedures; 

analytical procedures and calibration; 

preventive maintenance; 

datareduction,validationandreporting; 

internalqualitywntrolchecks; 

systems and performance auditdevaluations; 

calculation of data quality indi-rs; 

corrective action; and 

qdlityantrol reports to management. 
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3. SOURCE TERM DEVELOPMENT 

The sources of radioactive material at the INEELthat may contribute tothe potentd dose fiomthe 
active LLW disposal facility at the R W C  are selected in accordance with G u i h c e  for a Composite 
Analysis of the Impact of Interacting Source Terms on the Radiological Protection of the PubIicJi.om 
Department of Energy Low-Level Whste Disposal Facilities (DOE 19%). All rnajor XNEEL faditk 
were umsidered during the term source screening pmcess: TAN (WAG-I), TRA (WAG-2), ICPP (WAG- 

and ANL-W (WAG-9) (see Figure 1-1). The fbllowing sections discuss the sauce term sereenhg, 
radionuclide inventory, and release rate for the source term assessed in the Composite Analysis. 

3), CFA (WAG+, PBF/ARA (WAG-5), EBR-l/BORAX (WAGd), RWMC (WAG-V, NRF (WAG-S), 

3.1 Source Term Screening 

A l t h m g h t h e r e a r e m a n y ~ a q u i t k r ~  'on sources at the INEEL, most of them do not 
~ d ~ ~ s ~ ~ y ~ u ~ t h e g r o ~ ~ r ~ ~ ~ e n t f r o m t h e L L W ~ s ~ ~ i l i t y .  
Contaminant source sites and contamhuts of potential concern (COPCs) were evaluated on the basis of: 
(1) proximi@ of the source to the R W C ,  (2) source 16cation with respect to the groundwater flow path 
that passes beneath the RWMC, (3) risk estimates from waste Area Group W S  studies, and (4) 
CERCLA assumptions on the future risk posed by c&xated Eacilities. Potential dose from gas-phase 
radionuclides via the air pathway is negligible (see Section 4). 

3.1.1 Contaminant Sources Outside The Upgradient Corridor 

The source terms of interest are the buried wastes at the RWMC and any upgradient or 
downgradient radiological sources with a potential for gemxathg a cmhmmmt * plumeinthegroundwater 
that may interact with a plume original+ at the RWMC. Figure 1-1 presents the locations of the RWMC 
and other major facilities on the INEEL. AU potential radiological sources are within the boundaries of the 
INEEL. Ingestion of COIlfamiDafed groundwater is the recognized exposure pathway of prhnary concern. 
Therefore, this study focuses on those radiological source terms in the ground that may enhance committed 
effective dose equivalents (CEDES) due to cmeatmh 'm ofradiamrclides inthegroundwater. 

The probability that source terms will interact is directly correlated to proximity to the R W C  and 
location relative to aquifer flow lines. A pre- screening on the basis of location without regard to 
source term characteristics was @med to eiiminate the detailed evaluation of source terms with little or 
no probability of interaction. Facilities were retained in the CA on the basis of location relative to the 
RWMC and groundwater flow direction. A series of groundwater flow paths was collsbucted using a 
recent groundwater hydraulic head map (Figure 3-1). This figure illustrats that groundwater flows 
predominantly fiom northeast to soufhwest. A region of interest (i.e. upgradient corridor) defined as the 
region where contaminants at the R W C  may interact with those from other soufces was developed. The 
upgradient comdor is defined as the region bounded by flow patbs within approximately 5 km (3 mi) east 
and west of the R W C .  Figure 3-2 illustrates this area and indicates sou~ces in the shaded area of the 
figure are excluded from further consideration in the CA because they will not interact with R W C  
souTces. 

PBF/ARA and ANL-W facilities are neither upgradient nor downgradient from the RWMC, but 
located to the east over streamlines that are roughly parallel to those beneath the RWMC (Figure 3-2). 
Although, dispersion transverse to the flow direction does occur, dispersion in the flow direction is 
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Figure 3-1. Groundwater flow paths at the INEEL. 

3 -2 



a 
a 
a 
a 
a 
a 
a 
a 

a 
e 
a 

e 
a 
e 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

e 

a 
e 

e 
e 
a 
e 
e 

a 
a 
a 
a 

a 
a 
e 
e 

Scale in meters 

0 10000 20000 
- 

Figure 3-2. Corridor that defines upgradient locaiions from which contamination will influence potential 
concentralions at the SDA. 
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dominant. Therefore, sources at these facilities are very unlikely to interact with sources at the RWMC. 
TAN is located upgradient fiom the R W C ,  but the flow path with a potential to transport contamhmb 
fiom TAN to the south is located more than 15 lan (9 mi) east of the R W C  along parallel groundwater 
flow paths. Therefore, hilities screened from the CA on the basis of l d o n  relative to the RWMC and 
parallel groundwater flow path include TAN, PBFIARA, and ANLPW. 

Facilities evaluated further include ICPP, TRA, NRF, CFA, and EBR-JiBORAX. As discllssed 
below, each of these facilities have completed or are currently in the process of CERCLA RVFS 
evaluations that define the potential far groundwater contamhation fim each f h c i i .  

3.1.2 Screening of Sources Within the Upgradient Corridor 

The results of the RVFS studies for remaiaing fkilities in the upgradient conidor as defined in 
S d o n  3.1.1 are summanzed a below. Where the CERCLA evaluation has not shorn any significarnt risk to 
the aquifkr, the respective fhcility is then assumed to not amtribute to the dose in the vicinity of the 
RWMC. However, ifthe CERCLA evaluation does indicate a groundwater risk, then the predicted dose at 
the R W C  is calc- and evaluated as a possible dose contributor for the groundwater pathmy. 

Although TRA (WAG 2) is within the upgradient corridor, a csmprehensive RVFS indicates no 
unacceptable future groundwater risla are posed by this facility (Burns et al., 1997). nerdore, 'IlU is 
excluded fiom the CA under the assumption that contarmnants * h m  TRA will not si@cantly contribute 
to the cumulative dose associated with the LLW source term. 

Decontamination and dismantlement operations have fesulted in the complete removal of all 
structures in the BORAX (WAG 6) afea with the exception of the remains of BORAX-I and the BORAX 
II-V basement, subbasement, and equipment (Rodman and Stoll, 1994). The RVFS for BORAX-I 
indicates no unacceptable fbture groundwater risks are posed by this facility (Holdren et al., 1995) A 
Record of Decision (LlTCO 1995) was signed to contain the remains of the hili@ by capping with an 
engineered long-term barrier comprised primarily of naturai materials to maintain effective long-term 
isolation of umtamhnts. BORAX II-V was assessed under the CERCLA Track 1 process and a decision 
was made to contain the remains by placing a concrete cap over the site. This containment is expected to 
be protective of the groundwater. Therefore, WAG 6 is excluded fiom the CA on the basis that no 
signiscant sources are available that may interact with the active LLW source term. 

A comprehensive RVFS for CFA (WAG 4) is scheduled for completion by the end of FY98. 
His f~r idy ,  work on radioactive and hazardous materials is restricted in and around CFA. An obvious 
source term does not exist, however should the comprehensive RVFS iden* a potential source teim that 
may interact with the active LLW source term the CA will be revised to consider the new source tern .  

A Comprehensive RVFS is near completion for ICPP (WAG 3). Results of the RVFS indicate 
radionuclides have entered the aquifkr at ICPP and will be transported downgradient to the vicinity of the 
RWMC. Therefore, the 10 radionuclides identified in the ICPP RI report as contamhnts of potential 
concern, i.e., Am-241, Co-60, Cs-137, H-3,I-129, Np-237, Total Pu, Sr-90, Tc-99, and Total U, have 
been evaluated for their potential to contribute to the dose associated with the RWMC LLW fixility. The 
simulation model developed for the ICPP RI was used to predict future umcatrations in the viciniv of the 
RWMC LLW f8cility. Table 3-1 summarizes the peak dose umtribution for radionuclides contributing 
greater than 0.01 m r d y r  all pathways dose near the RWMC resulting h m  W e r  contamhiion h m  
the ICPP. The peak dose value is the peak value predicted in the model from the entire area south-west of 
the RWMC to the boundary of the INEEL. This is a comerdve assumptiOn, however, given the 
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Table 3-1. Predicted peak doses south-west of the RWMC h m  the significant ICPP contaminanfs of 
pfentialconcern. 
Radionuclide Peak Concentration Peak Groundwater Peak All Pathways Year of Peak 

H-3 1.40E4-04 6.19E-01 1.79E+OO 1978 

H-3 @est 1996) 5.67EM3 2.50E-01 7.23E-01 1997 

@ C W  Dose (-1 D=(ml-e*) 

1-129 2.95E+OO 5.783-01 1.33E+OO 2041 
Np-237 3.18E-01 8.683-01 9.16E-01 2721 
Total Pus 6.10E-02 1.84E-01 1.93E-O 1 21279 
Tc-99 3.56EW 3.243-03 1.0m-02 2019 
Totall? 2.41E-01 4.22E-02 4.70E-02 2578 

a For total pUtheF’u239 dose convefsion factor@CF)was usedbecause it is largest 

b. For total Uthe U234/235 DCF was used because it is higher than the U238 DCF. 

uncertainty in long term predictions, it is assumed to be a reasonable assumption. Based on the results 
shown in Table 3-1, during the 1,000 yr compliance period, a total all pathways dose of approximately 1 
mrem/yr near the R W C  is predicted to result fiom aquifix contamination from the ICPP. Ofthese, Np- 
237 will contribute the greatest dose at 0.92 mrem/yr in the year 2721. 

Since the peak all pathways dose contribution predicted fiom the ICPP is only 1% of the DOE 
primary dose limit of 100 m r d y r  and only 3% of the 30 W y r  dose, and is small compared to the 
predicted dose fiom the R W C  sources, the cumulative contribution from the ICPP contamination is 
neglected for the CA. 

Remedial investigation activities ongoing at NRF (WAG 9) as well as the operational history of the 
facility indicate that there is no significant source of radionuclides which could effect the dose contribution 
of the active LLW disposal hcdrty at the RWMC. The primary source of radionuclides released to the 
environmat at NRF consisted of dilute radioactive water effluent. Between 1953 and 1979 the NRF 
discbed approximately 1.47Ei-09 L (3.9Ei-08 gal) of effluent Containing a total of approximately 345 Ci 
of activity; the bulk of the activity being attributed to short-lived activation products. Given that the ICPP 
dose contribution at the R W C  LLW fhcility is shown to be negligible, it can be moreover arguedthat 
NRF should not receive further consideration as a source because NRF is further upgradient from the 
RWMC than ICPP and the NRF source term is considerably d e r  than that of the ICPP. 

A Comprehensive W S  for the RWMC (WAG 7) has not been completed at this time. However an 
interim risk assessment (IR4) which considered wastes disposed in the SDA from inception of burial in 
1952 tbrough 1994 has been completed and it indicates other radiological sources within the SDA not 
associated with the active LLW facility may present future groundwater risks (Becker et al., 1998). The 
entire source term of WAG-7 (i.e., all historid waste disposals) has been included in the CA, due to its 
proximity to the RWMC LLW fkility. Table 3-3 is a summary of the radionuclides of potential concern 
for the RWMC WAG 7. 
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3.1.3 Screening of Co-Located Facilities 

The fac- screening discussion in Section 3.1.2 is based on those con taminaton sites &led as 
CERCLA sites. In addition to the CERCLA sites, there are facilities that are co-located with the CERCLA 
sites. For example, there are 88 primary facilities at the ICPP that will be closed in the future, andl have the 
potential for radioactive releases to the environment, and the residual co- * 'on in these sites hias not 
been included in the ICPP baseline risk assessment analysis. The approach for integrating these fhcility 
closures with the CERCLA restoration is documented in the draft ICPP Feasibility Study report (I;lodriguez 
et al., 1996). It requires that the increase in human cancer incidence resulfing from the residual 
m&mhtion be evaluated and mihized in order to be consistent with the CERCLA remedial action 
objectives. For purposes of the CA, it is assumed that closure of the co-located facilties at ICPP will 
satisfy the CERCLA quimnents and therefore do not significantly add to the dose from the LLW bility. 

3.1.4 Future Facilities 

An E h v i r d  Impact Statemeat is presently being prepared to evaluate reasonable altemative 
process options for tiispositioning of high level waste (calcine and sodium beatvlg waste) accumdzitd from 
previous ICPP reprocessing activities. One altemtive being considered is for a High Level Waste 
Treatment Facility and Interim Storage Facilityto be located here on the INEEL. The High Level Waste 
Treatment Facility would consist of a Separations opedon, extraCtiag the high activity or t r a n s m ~ c  
wastes which would then be solidified and temporarily stored in the Interim Storage Facility until tlhe waste 
can be sent off-Site for permanent disposal. The remaining low activity portion of the waste would be 
grouted and classified as either 10 CFR 61.55 Class A or Class C waste. A permanent low-level nnixed 
waste lamEll would potentially be located at the INEEL to store the grouted low activity waste. Since, a 
final decision has not been made on any of these proposed facilities they will not be addressed in this CA at 
this time. However, should these facilities be located at the INEEL they will be evaluated in a revised 
version of the CA to determine if cumulative impacts from these fhdities and the active LLW disposal 
facility and all other potential radioactive sources on the INEEL would adversely affect the potential 
radiological dose to future members of the public. 

3.1.5 Summary of Source Term Screening 

The evaluation of all major INEEL facilities for potential source term dose contribution at tlle active 
LLW disposal kility resulted in three facilities b e i i  removed from further consideration on the basis of 
hydroseologc consi-ons. PBF (WAG-5) and ANL-W (WAG-9) are outside the groundwater flow 
paths flowing beneath the RWMC and lie to the east along parallel flow lines. TAN (WAG-1) is 
upgradient of the RWMC but lies in a region of flowpaths that run well to the east of the R W C .  
Furthemore TAN is considerably distant fiom the RWMC over 50 km (31 mi). 

The remaining facilities (NRF, TRA, ICPP, CFA, EBR-lIBORAx, and RWMC) with the e:xception 
of the RWMC (WAG 7) lie upgradient and are within the flow path of the LLW f8cility. With the 
exception of ICPP (WAG-3) and RWMC (WAG-7), each of these facilities was removed h m  
consideration as a source which could effect the dose from the active LLW disposal fkdity because 
CERCLA investigation activities and institutional knowledge indicate there is no appreciable risk fiom the 
groundwater pathway. 

Groundwater contaminant transport simulations indicate that radionuclides released from ICPP 
(WAG-3) will migrate beneath the R W C .  However, the potential ICPP (WAG-3) contribution to dose 
from the groundwaler pathway is negligible. During the 1,000 yr cumpliance period, a total all pathways 
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dose of approximately 1 d y r  near the RWMC is predicted to result fkom a @ k r  ca&mmt~ 'onfkom 
the ICPP. Therefbre, ICPP (WAG-3) is removed from further consideration. The source screening does 
indicate the R W C  (WAG-7) as having the potential to provide significant contribution to the dose from 
the active LLW disposal fbcihty. All other INEEL sources are eliminated fkom M e r  consideration. 
Table 3-2 is a summary of the radionuclides for the R W C  (WAG 7). 

Table 3-2. RWMC (WAG 7) radionuclides of potential concern. 
Ac227 Nb94 Sl90 

Am24 1 
Am243 

C14 
C136 
Cm244 

cO60 
Cs137 
Eu152 
Eu154 
H3 

I129 
Na22 

Ni59 
Ni63 

Np237 
Pa23 1 
m210 
Pu238 
Pu239 
Pu240 

Pu241 
Pu242 
Ra226 
Ra.228 

Tc99 
m 2 a  
Th229 
Th230 
Th232 
u232 
U233 
U234 
u235 
U236 
U238 

3.2 Composite Analysis Source Term 

The source term used in the Composite Analysis consists of all historical subsurke disposals of 
radionuclides as well as the authorized LLW subsurface disposal inventory and projected LLW subsurface 
disposal inventory. The Composite Analysis somcetermwas developed from CIDRA and subsequent 
modihcations of CIDRA data for spec& radionuclides. 

LLW subsurface disposal at the R W C  is controlled by the waste acceptance criteria as authorized 
by the RWMC PA (Maheras et al. 1994 and Addendum 1997). The PA analysis included all waste 
disposed after 1984 and projected LLW disposal to the year 2020. The current waste acceptance criteria 
do not consider the effect of waste disposed in the SDA prior to 1984. The risk posed by waste disposed in 
the SDA prior to 1984 is being investigated as part of a CERCLA baseline risk assessment (BRA). The 
interim results of the investigation have been documented as an IRA (Becker et al., 1998). The IRA soufce 
term included all radionuclide contaminants disposed in the SDA, including the current LLW disposals, and 
was adapted for use in the CA source tern. The IRA for the RWMC (WAG-7) used the 1952 to 1993 
upper-bound inventory estimate from CIDRA to compute the source term inventory at the SDA; the CA 
source term uses the 1952 to 2020 best- from CIDRA, as well as modificafioIls for T U ,  ANL- 
W, NRF, and SMC inventories. Table 3-3 lists the Composite Analysis source term. The data are divided 
into the actual LLW disposals, the projected disposals through the year 2020, and total. 
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Table 33. Composite Analysis source tern inventory by date of disposal. 
Actual Projected Total 

Radionuclide (1952-1993) (1994-2020) (1 952-2020) 

Alll-241 1.60E+05 4.72EW 1.60E+05 

Am-243 
(2-14 
Cl-36 
cm-244 
co-60 
Cs-137 
Eu-1 52 
Eu-154 

H-3 
1-129 
Na-22 
Nb-94 
Ni-59 
Ni-63 
Np237 
Pu-238 
PU-239 

Pu-240 
Pu-241 
Pu-242 

h-226 
Ra-228 
Sr-90 
Tc-99 
Th-228 

Th-230 
Th-232 
U-232 
U-233 
u-234 
U-235 
U-236 
U-238 

2.273-01 
5.04Ei-02 
3.14E-01 
7.01E+01 
4.09Ei.06 
6.17E#5 
2.4 1Ei-02 
2.95Ei-03 

4.52E+06 
6.45E-02 
8.40E-01 
5.08Ei-01 
6.30Ei-03 
l.llE+O6 
1.84E+OO 
2.45E+03 
6.36EM4 
1.46E+04 
3.87Ei-05 
9.613.01 

5.99Ei-01 
O.OOE+OO 
4.52EM5 

2.63E+01 
1.02E+01 
1.79E-02 
1.32E+OO 
1.06E+01 
1.15E+OO 
6.49EM1 
5.12E+OO 
2.14E+OO 

1.12Ei-02 

O.OOE+OO 
1.57Ei-02 

0.OOEW 
5.18E-01 
1.92Ei.06 
4.2ai-03 
1.87EW 

3.71E+OO 

2.fj6Ei.06 
1.35E-01 
2.52E-01 
1.92EW 
1.98Ei-02 
1.52Ei-05 
O.OOE+OO 
l.llE+OO 
1.13E+OO 
1.22E-01 
1.25E4.02 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
1.08E-01 

O.OOE+OO 
0.00EW 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
9.883.02 
4.58Eo3 
1.623.02 
1.18E-01 

2.273-01 
6.6lE+02 
3.14E-01 
7.06E+01 
6.01E#6 
6.21E+05 
2.42E+02 

2.96Ei-03 

7.1SEi-06 
2.00E-01 
1.09E+OO 
5.27E+01 
6.50E+03 
1.26Ei.06 
1.84EW 
2.45Ei-03 
6.36EW 
1.46EW 
3.87Ei-05 

9.613.01 

5.99E+01 
O.OOE+OO 
4.52Ei-05 

2.64E4-01 
1.02E+0 1 

1.79E-02 
1.32E+OO 
1.06Ei-01 
1.15Em 
6.50E+01 
5.13E+OO 
2.16E-m 
1.12E+02 
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4. COMPOSITE PERFORMANCE ANALYSIS 

The methodology used to assess the potential migration of radionuclides &om the various sources 
and the fesulting doses to a potential receptor consists of: (1) modeliug the source tenn and release using 
the DUST-MS code, (2) using the DUST-MS output as input to the TETRAD subsurface transport 
modeling code, (3) using the output from TETRAD (radionuclide groundwater concentrations) as exposure 
concentrations m the exposure scenarios, and (4) cal- the predicted mdiological dose to the public. 
Included in this section are a description ofthe Composite Analysis source tern release and traasport, 
exposure scenarios, and the Composite Analysis results. 

4.1 Source Term Release and Transport 

The modeling performed for the Composite Analysis relies extensively on both the results and the 
methodology of recent modeling e&* conducted for the RWMC (WAG-7) IRA (Becker et al. 1998; 
Magnuson and Sondrup, 1998). Guidance for the Composite Analysis stipulates use of bestestimate waste 
inventory data however, the IRA used upper-bound waste inventory estimzrteS . For the lesser or low-risk 
radionuclides, the results of the IRA (Becker et al., 1998) were scaled to provide groundwater 
c o n d o n s  based on the bestestimate waste invento~~ data and projected waste disposal. Section 4.1.4 
describes the methodology used for scaling and shows how well the scaled radiological doses match the 
bestestimate radiological dose simulations. The gromdwater simulations were rerun with best-eshate 
waste disposal inventories for the major radiological risk drivers (C-14,I-129, Np-237, Tc-99, U-234, and 
U-238) identified in the IRA. 

4.1.1 Source Term Model 

DUST-MS was used to predict releases from buried waste into the shallow subsurfiwe by modeling 
Container failure and eventual release from the waste (Sullivan 1993). DUST-MS is a onedimensional 
model that has three waste form release mechanisms: surface washoff, difbsion, and dissolution. The 
surface washoff model can be usedto estimate the release from general laboratory trash and is equivalentto 
the W a d e r  leach model used in other codes such as GWSCREFN (Rood 1994). The diffusion model 
computes the &ion release from different waste geometries based on user-supplied diffusion coefficients 
for each waste form. Diffusion of contambants from cementencased waste was estimated with the 
diffusion release model. The dissolution release model was used to estimate the release caused by general 
corrosion such as the release of activated metals from the corrosion of the base metal. The simulated mass 
release is then used as input mto the subsurface flow and transport model that was developed with the 
TETRAD transport modeling code (Vinsome and Shook 1993). Becswse the release and transport were 
calculated for a large number of radionuclides, the radionuclides were grouped fix fkte and transport 
shulation. Members of a decay chain were in a single group. Other radionuclides with similar retardation 
values were also grouped. Isotopes in the chain with a half-life of more than one year were included in the 
simulations. Shorter half-life contaminatlfs were handled by assuming they were in equilibrium with the 
longer half-life parent and adding the respective toxicity values. This grouping was used in the source term 
simulations to provide a consistent set of inputs for all of the simulations. Inputs for the source tern model 
are discussed below and include: (1) waste inventory source term, (2) container Mure rates, and (3) waste 
stream and ntaminaut-spedic release rates. 

4.f.f.f Wasfe lnventofy Source Term. The sourcet.ermused in the CA is the latest CIDRA 
(LMITCO 1995a; LMITCO 1995b) inventory with supplemental data for data gaps ident.5ed and 
reconcded in key waste streams from ANLPW? NRF, TRA, and the SMC at TAN for radionuclides critical 
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to the pe~ormance of the d v e  LLW disposal pits at the SDA. The waste stream updates will be 
incorporated into CIDR4. Carboneau (1998) provides a reassessment of neutron activation product 
radionuclides in EBR-II core non-&el bearing strucauztl metalludware disposed from ANL-W. Abbott 
(1997a,b) and Bradley (1998) provide rehed estimates of key environmental radionuclides in NRF core 
structural waste and expended ion exchange resin waste disposed m the SDA. Schnitzler (1995) c d M  
refined estimates of the radionuclide inventories in ATR beryllium (Be) reflector blocks and outer shim 
control cylinders. The data of Schnitzler (1995) were extrapolated by Honeycu# (1998) to estimate the 
inventoy of selected radionuclides in the reported Be block disposals h m  TRA. Sterbentz (1998) has 
calculated key environmental radionuclide estimates for all core components removed fiom the AIR core 
per the Core Internal Changeat schedules, the ATR core wmponent inventmy disposed in the RWMC 
SDA is not detennined therefore, the estimate provides a Conservative upper limit. Schnitzler (1998) has 
calculd an estimate of C-14 production in ATR coolant, providing a basis for the deterrmnatr - ‘OEIOf 
Abbott (1998) for estimated C-14 ~ V ~ & W Y  in TRA resin disposal &ipme~~ts to the SDA. 

Past radiological disposals were decayed to the present, then release simulations were perfo&. 
Yearly waste cfisposal inventory was used in the Composite Analysis to allow decay and release 
calculations to begin at the actual year of disposal. This approach prevents u n d e d o n  of mobile 
contarmnan ’ ts with short hal€-lives. DUST-MS was modified to allow a delay time to be input. Decay and 
release calculations did not commence until after the input delay time. Inputting the yearly disposal 

having to correct for decay until the year of disposal. Validation cases were run to ensure that this change 
did not &bct the release models other than delaying the start of release calculations. 

quantity with the appropriate delay time allows direct input of the yearly quantities of contamrnan - ‘tsWithOut 

4.1.1.2 Container Failure Rates. Before a contammant . can be released to the environment firom the 
waste form, the containment in which the waste is buried must first degrade. Ifa contambunt is t~uried in 
drums, the contamknt will not be released until the drums are breached. DUST-Ms allows the user to 
specify the time until container failure. Ifthe waste disposal were perfbrmed without containment, then the 
Wure time is set at zero and the release mechanisms control the release of the contamhants &om the 
waste. Once the container is breached, the waste is released to the subsurf8ce accofding to the release 
mechanisms that are appropriate for that waste stream. 

The source tern model used the yearly disposal idormation to assign container type for calculation 
of the release. In the model, each container had a prescribed time until fhilure f h n  the time of 
emplacement. A single contaminant might reside in multiple containers buried in a given year because of 
the d i B i  waste form or different confainmenf to be modeled. For example, ifthe disposal contents of a 
particular waste stream were buried in metal containers and in cardboard boxes, two container types would 
be used to model that year’s disposal. One container type would be for the amount of the inventory in the 
metal containers, and the other container type would be for the amount in cardboard boxes. 

Individual waste streams were evaluated for the type of umtainment used. The disposal unntents of 
many waste streams were buried in wood or other d y  degradable boxes. It was assumed that these 
readily degradable “c~ntainers~~ do not hinder contamhant movement; W o r e ,  no delay of the 
con taminant release was assumed for the boxes in the model. Polyethylene bags were not accounted for in 
the release modeling either. This is a conservatve assumption for contaminants other than tritiumi and 
carbon-14 that may be present in the gas-phase. The 55- drums, concrete casks, and metal boxes offer a 
barrier to contarmnan * treleasethatisaccountedforinthesourcetermmodel. Wasteinthecontaiwxsis 
r e l d  only after the drums, casks, or metal boxes are assumed to have failed. Waste streams listed as 
“0 (other) in CIDRA, or as a mix of COnfaiDmenf types without a breakdown of the actual amounts in 
each type, were modeled as having no containment. 
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The carbon steel cornion rate (see Table 4-1) was used to determine the fidure time of the metal 
boxes. Release from umcrete casks was modeled as a diffusion release from a nominal 15 cm (Gin.) wall 
thickness cylinder. Using this thickness assumption is u m s e d v e  fbr early releases because it assumes 
that the waste is at the surface of the cask and is readily released. In addition, a Conservative diffusion 
endpoint of 1.OE-06 cm?g was used. This is a typical dif€usion coefficient for a metal ion in water and is 
CoIlSefvatve because it does not accoullf for the possible partitioning of the contaminaut with the waste 
form or the porous media that the contaminants must travel through. Any partitioning would slow the 
contarmtlsul ’ t release. 

The majority ofthe ccmtahers buried in the SDA are 55-gal drums. A separate study was 
performedto detenninethe Mure rate ofth- drums using data gatbred during earlier waste retrieval 
efforts (Becker 1997). The study indicates dumped drums fail more rapidly than stacked drums. 
Therefore, the two drum disposal methodologies are treated accordingly. 

4. I. 1.3 Release Mechanisms. DUST-MS has three release models: (1) diflhion, (2) dissolution, 
and (3) surface washoff. Each contaminant’s yearly disposal has been proportioned among the release 
mechanisms. The percent in a release mechanism is input into DUST-MS. The total disposal inventmy 
has been analyzed to determine the release mecharvsm * and release rate as a function ofthe waste stream 
contents put in storage in any given year. Because each contarmnan * thasauniquesetofinformation,each 
year’s dqosal for each amkmmmt - ismodeledasaszpratewastecontainer. Theremltsaresutnmedto 
provide the total release over the time interval for input into the transport models. Table 4-1 is a summary 
of the release rate information for the different release models. 

Waste streams that have metal listed as the primary waste form can be either a dissolution release 
(corrosion of the base metal) of activation products or surface wash& (conkmhtion on the metal). 
Metal waste streams will generally be a surface washoff release for actinides and fission products and 
dissolution (corrosion) for activation products. Table 4-2 lists the grouping and release mechanim for 
radionuclides having metal waste streams. Actinides and fission products are surface contamhmts on the 
base metal. The activation products are the result of activation of the base metal and generally are released 
only as the metal corrodes. Activation products such as Na-22 produced within the coolant and not in the 
structural components are modeled as surhce amtamab ‘on using the surface washoff model. 

For the CA, the corrosion rate of 4,500 yr/mm for stainless steel was taken from Nagata (1997). 
For metals other than stainless steel such as uranium, the release of the metal into the subsurhx is 
dependent on the chemical properties of the soil water and the solubility of that metal in the INEEL pore 
water conditians. The soil water has a bigh pH, causing many u&mmnts ’ tohavealowsolubility. To 
simulate the release of metals like uranium, the surf&ce washoff model has been used with the appropriate 
solubility limit (Becker et al., 1998; Section 5.2) for the INEEL soil water chemistry. 

A surface washoff release mechanism is aIso used for waste streams that are generic laboratory 
trash. The surface washoff release mechanism provides the most conservative release rates. Similarly, 
contaminants identiiied as surface mntambtion of a base ma&rbl, such as radionuclides on anti- 
contamhation clothing, are modeled with the surfhce washoff model. The surhce washoff model uses a 
partition d c i e n t  to determine the release. As a first approximation, the soil-to-water partition 
coefficient was used. 
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Table 4-1. Release rate coefficients. - 
comment - Contamhunt Release Model Used Rate 

Release from Be Dissolution 3 .OE-O4/yr Nagata (1993) 
corrosion (diffusion is 
negligible) 
Release from corrosion Dissolution 
of stainless steel 

Release fiom corrosion Dissolution 
of carbon steel 
Release by leaching 

Release from resin 

SuncHce washoff 

surfacewashoff 

4,500 yrhm 

450 to 680 yrlmm 

Nagah (1997) 

Banaee andNagata 
(1996) 

Soil-&water partition Dicke (1 997) 
coefiicients 

Soil-to-water partition Dicke (1997) 
coefficients 

Release of metal by Surface washoff Contaminant solubility Dicke (1997) 
comosion - 

Table 4-2. Metal waste stream release mechanisms. 

Group ReleaseMechanism C0n-t 

Fission products s e w a s h o f f  Cs-137, Eu-154,1-129, Sr-90 
Activation products Dissolution C-14, Co-60, Ni-59, Ni-63, Nb-94, Tc-99 

Actinides s-washoff Am-243, Cm-244, Np-237, Pu, U 



Table 4-3 shows the percentage of the disposal of each radionuclide m resins. C-14 m ion exchange 
resin constitutes a significant potentially mobile hction. Thedore, it was conservatively assumed that 
release from ion exchange resin was at the lower end of the Grange for C-14 in soil, or 0.1 mTJg. The 
release from resins was then modeled using the more conservative surface washoff release based on the 
soil-to-water partition d c i e n t s .  

Beryllium corrosion was studied for the revised SDA Scoping risk assessment (Bums et al., 1994) 
and the RWMC performance assessment (Maheras et al., 1994). Beryllium corrosion primarily controls 
the release of H-3 and C-14 because beryllium reflector blocks contain most of the H-3 and C-14 that was 
disposed. The predicted friidional release is within a fh&r of three for the two studies. The Nagata 
(1993) study results were used in the Composite Anarlysis. 

Table 4-3. Percentage of contaminad disposal in resins. 

% of Individual 
Isotope Disposed 

Radiomclide Waste StreamNumber of in Resins 

C-14 TRA-603-1H 9.1 

Cm-244 TRA-603-lH 25.7 

cod0 

CS-137 

EU-154 

1-129 

Ni-59 

Ni-63 

Pu-23 8 

Pu-239 

Pu-240 

Pu-24 1 
Pu-242 

Sr-90 

U-234 

TRA-603-1H 

TRA-603-1H 

TRA-603 - 1H 
TRA-603-1H 
TRA-603-1H 

TRA-603-1H 
TRA-603-1H 

RFO-DOW-13H 

RFO-DOW-13H 

RFO-DOW-13H 

RFO-DOW- 13H 

TRA-603-1H 

TRA-603-1H 

2.5 

7.0 

39.3 

9.8 

6.9 

3.7 

1.2 

1.1 

1.1 

1.1 
1 .o 
9.8 

1.0 
U-23 6 TRA-603-1H 10.9 

4-5 



4.1. 1.4 Pit and Trench Grouping. The pits and trenches were grouped for the simulations because 
DUST-MS is a onedimensional model that cannot model them individually without numerous separate 
simulations. Separate simulations were impractical considering the number of co lltaminants to analyze for 
in each pit and trench. In addition, the exact disposal location is not dways available. An analysis of the 
contaminant disposal shows a distinct difExenw in the waste types buried before 1970 and after 1970. 
Current LLW waste disposal (waste buried during 1984 and after) must meet cOatempOfary SDA waste 
acceptance criteria. Before 1970, hazardous, mixed, LLW, and TRU waste were accepted for disposal at 
the SDA. After 1970, TRU waste was no longer accepted. After 1984, hazardous and mixed war& was 
no longer accepted. Therefore, the waste was divided into three groups based on the time that the pit or 
trench was open. Pits and trenches opened before 1970 were in one group, pits and trenches opened after 
1970 but before 1984 were in a second group, and pits opened after 1984 were in a third group. The 
simulated source release from the three waste stream groups was input into the subsurface pathway model 
as shown in Figure 4-1. Figures 4-2 and 4-3 show the simulated DUST source releases for the 
radionuclides that were resimulated in the Composite Analysis. 

4.1.2 Subsurface Model 

The subsurke model was developed in stages. First, a flow model was developed that describes the 
movement of water in the subsurface. This model includes hydraulic descriptions of each lithologic 
materkl in the subsurface and boundary conditions related to water sauces both from infiltration of water 
at the surface and from horizontal movement of water within the SRPA. Calibration of the flow mnodel was 
obtained by adjusting hydraulic input parameters in the model until simulated water movement agreed with 
observed water level measurements. Second, a transport model was developed describing the momnent of 
contaminants dissolved in either water or in air. Contarmnan . t release time histories obtained fkornl the 
source term model were input into the subsurface model and were described in Section 4.1.1. The: transport 
model consists of parameterizing dispersion, diffusion, decay, and sorption and describing additianal 
boundary condition effects that affect pressure and therefore advection within the gaseous phase. Aqueous 
phase advection was parameterized by the flow model. Calibration data is limited but calibration of the 
transport model, to the degree possible, was achieved by comparing simulated ancentrations of hidicatm 
con taminants to observed aquifer umcentrations and adjusting transport parameters and boundary 
conditions to improve the agreement. The flow-and-trausport model was used to make predictive 
simulations for the radionuclides identified in the source term screening in Section 3. A complete 
description of the subsurke model developed and used for predictive simulation can be found in 
Magnuson and Sondrup (1998). A brief overview of the model is presented in the following section. 

4.1.2.1 ConceptUar Model for How and Transport Contaminant fate and transport was 
simulated for contaminants that exist in a dissolved or aqueous phase and for conGLminants such as tritium 
that could simultaneously exist in both aqueous and gaseous phases. The general conceptual model for 
flow treats water movement as ifthe subsurface consisted of a heterogeneous, anisotropic porous medium. 
Miltration of meteoric water into the subsurface could be either transient or described by constant average 
injiltration rates. The surfkid sediments and sedimentary interbeds are simulated with varying thicknesses 
and upper surface elevations. Known gaps in the interbeds are included in the model. In the fractured 
basalt portion of the subsurface, flow is considered to only occur within the fracture network to anulate a 
medium with a low effective porosity but high permeability. Movement of water within the SRPA is 
assumed to be steadystate given the long time duration of hundreds to thousands of years considerled in the 
subsurfice pathway model. 

For the dissolved-phase transport conceptual model, the processes that were considered weire 
advection, dispersion, diffusion, radioactive chain decay and ingrowth, and adsorption onto solid rsurfkces. 
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Figure 4-1. Distribution of three waste streams into the third level of grid refinement of the subsurface 
model. 
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Figure 4-2. Simulated DUST source releases for uranium and other actinides. 
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Figure 4-3. Simulated DUST source releases for 1-129, Tc-99, and C-14. 
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Because modeled water movement in the basalt was restricted to the frslctures, sorption in these same 
regions was restricted to the surfaces of those fractures. Fracture surfaces were considered lined with 
either fine-grained sediments or chemical alteration products that resulted from water movement alang the 
hctures over extended periods of time. This treatment of sorption necessitated only & values for sorption 
onto sediments and did not require estimates of sorption onto the basalt matrix itsex Because the stdiment 
hung the basalt frslctures make up a small portion of the basalt region of the model, the basalt & values 
were scaled down fiom the sediment & values. This scaling resulted in basalt & values that are sndl  for 
all contaminants and neghgible for all contaminants with sediment & values less than 1,000 mL/g. The I(d 
values used in the model (Table 4-4) were assigned based on bestestimate values from Dicke (19973, 
rather than conservative screening values. 
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Facilitated transport mechanisms, such as colloidal transport, are possible beneath the SDA. 
However, these transport mechanisms have not been documented as taking place at the SDA therefore, 
fiicilitated transport mechanisms have not been included in the transport conceptual model. 

Single isolated detections of contaminants have occurred in subsurface contaminan t monitoring at 
the SDA. While these detections may be real, it is not feasible with the current modeling approach to try to 
emulate each and every one of these isolated detections. Rather the subsurface transport model attempts to 
mimic the large-scale overall behavior of contaminants in the subsurface. This means the model attempts 
to emulate those contaminants that are consistently present in a distributed sense in the subsurface. 
Therefore, for purposes of model calibdon, these isolated detections are neglected. 

For contaminants that also migrate in the gaseous phase, such as tritium, the conceptual model was 
expanded to include a dual-porosity approach in which the COntamiaants could also diffuse or advect into 
the low permeability basalt matrix from fractures within the basalt. However, the majority of water and 
co- ' t movement sti l l  occurred within the fractures in the basalt. Influences on advective movement 
of gaseous phase contaminants from barometric pressure fluctuations at the surfkce, positive presslure air 
injection during drilling of wells in the SDA, and the effects of several vapor-vacuum extraction remedial 
activities were also considered. Advective flux of contaminants out ofthe simulation domain was allowed 
at perimeter locations in the model. 

4.f.2.2 Simulation Code. The 'IETRAD code (vinsome and Shook 1993) was used to simulate flow 
and contaminant transport. Documentation of the selection process is discussed in Becker et al., (1996). 
Verification and validation (Shook 1995; Magnuson 1996) were conducted to demonstrate the profficiency 
of the TETRAD simulator for use in modeling subsurface fate and transport at the SDA. 

TETRAD has complete multi-phase (aqueous, gaseous, and oleic), multiamponent simulation 
capabilities. TETRAD uses a block-centered finitedifFerence approach and has capabilities for local grid 
rehement, which were used extensively. The TETRAD simulator also includes dual porosity simulation 
capabilities. This feature was used to address gaseous phase movement in both the fracture and matrix 
portions of the fiadured basalts composing the majority of the subsurfaoe beneath the SDA. 

4.1.2.3 Model Implementation. To achieve a representative flow simulation, spatially variable 
thicknesses of the surficial sediments, sedimentary interbeds, and hctured basalts composing the 
subsurfhce were included in the modeling effort. Data from ninety-two wells in the SDA vicinity were used 
to generate the surfaces and thicknesses of each lithologic unit. These surfaces and thicknesses were then 
mapped onto a three-dimensional simulation grid that extended fkom land surface to the effective depth 176 
m (249 A)] of the SRPA in the vicinity of the SDA. The horizontal shu la~on  domain extended firom north 
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Table 44. Soil-to-water distribution coefficients used in mode& (Dicke 1997). 
Sediment I Q  (range) 

Element m g  Comments 

Am 450 (450 to 1,100) Measured values 
C 
c1 
Cm 
co 

cs  
Eu 
H 
I 

Nb 
Ni 

NP 
h 
Ra 
Sr 
Tc 
Th 

U 

0.1 (0.1 to 1.5) 
0 

400 (400 to 1,000) 
1,000 (50 to 4000) 
1,OOO (589 to 3255) 
400 (400 to 1,000) 

0.1 (0.02 to 5) 
0 

500 (100 to 1,000) 
300 (60 to 2,000) 

8 (1 to 80) 

5,100 (5,100 to 22,000) 
575 (88 to 1,890) 

60 (35 to 186) 
0 

500 (200 to 3,000) 
6 (3.4 to 9) 

Site-specific values 
Anionic and wil l  not react with sediments 

Americium analog 
Site-specific values 
Site-specific values 
Americium analog 

Nonreactive 
Literature values 
Literature values 
Literature values 
Literature values 

Site-specific values 
Literature values 

Site-specific values 
Site-specific values 
Literature values 

Site-specific values 
Ac 400 (400 to 1,000) Americium analog 
Pb 270 (30 to 1,OOO) Analogs and literatwe 
pa 8 (1 to 80) Neptunium analog 

of the SDA to the southern INEEL boundary. Known gaps or locations of zero thickness in the 
sedimentary interbeds were also included in the lithologic representation. 

Results from a calibrated modeling study of infiltration using moisture monitoring within the SDA 
surficial sediments (Martian 1995) were used to define the spatially variable infiltration of water at land 
surface in the SDA. Martian selected three representative in6ltration rates and assigned them to portions of 
the SDA based on similarity to observed infiltration results and surface topography (see Figure 4-4). Each 
of the low, medium, and high infiltration rates had a transient description. A constant time-weighted 
average of Martian’s transient averaged rates was examined. A spatial average of the three infiltration 
rates is 8.5 cm/y (3.3 in/yr). The time period for the flow-and-transport calibration simulations was from 
the beginning of 1952, the year waste was first buried in the SDA, until the end of April 1995, the end of 
the Martian intiltration simulation study. Estimated amounts of water fiom the three historical flooding 
events (1962, 1969, and 1983) were superimposed on both the transient and constant infitration surface- 
boundary conditions. 
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Figure 4-4. Assignment of variable surface infiltration inside the SDA. 
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Timedependent mass release Wries for each radionuclide fiom the source term model (Section 
4.1.1) were input spatiaUy into the subsurik transport model (Figure 4-1). The source release tern were 
also distributed vertically at each location begirming from a depth of 1.5 m (5 ft) down to the bottom ofthe 
surf id  diments. The 1.5 m (5 ft) depth was used to represent clean overburden above the waste. The 
depth to the bottom of the surficial sediments varied spatially and ranged from 3.0 to 6.25 m (10 to 20 ft) 
below land sufface except where the active low-level waste pit was e x c a d  into the upper basalt to a 
total depth below land surface of 9.0 m (30 ft). 

To improve representativeness, water and c<Mltammant - movement within the fhctured basalts of the 
vadose mne were also simulated. A hydraulic description of the water movement in fkactured b a d  was 
based on the inverse modeling study (Magnuson 1995) of the large-scale infihtion test &SIT) conducted 
near the SDA (Wood andNorrell1996). Simulation of Bow inboth the basalt and sediments allows the 
model to capture horizontal spreading of the water and amtaminants in the vadose zone. Previous 
madeling &rts related to migration of waste ai the SDA, including the RWMC LLW Radiological PA 
(Maheras et al., 1994), conservatively assume instantaueous movement of water and dissolved 
contaminants through the fiacftued basalt portions ofthe vadose zone 

Both the vadose zone and the aquifer regions were included in a single simulation domain. 
Combining the vadose mne and aquifer portions of the subsurfhce within a single domain eliminated the 
need for a numerical interflux between sepat.ate vadose zune and aquifm models that would impose 
a r t i f i c i a l n u m e r i c a l ~  betweenthe two domains due to partitioning ofgaseous phase 
corn the vadose m e  into the aq&r. AquLfer boundary heads were intapollated from the measured 1994 
water levels and were assumdto be representative of long-term steady- CanditiOIls. 

4. f.24 Subsurface Model Calibration. The adequacy of the calibration obtained in the subsurface 
modeling was variable. The amount of data available fir  calibrating the vadose zone flow model was 
limited. W e  the model results mimicked the charader of the vadose zone data, there was only a padal 
agreement between the simulated and limited observed results. Computaticmal limitations in the amount of 
discretization that could be incorporated and adequacy of the surface id&raiion description were identified 
as two possible reasons for only achieving a limited calibration. The calibration of the simulated water 
levels to measured 1994 aquifer water levels showed good agreement. 

Calibration of dissolved-phase transport assumes that there was a contribution f k m  SDA wastes to 
observed nitrate concentrations in the aquifer downgradient from the SDA. There were no nitrate sampling 
data available from the few perched water samples in the vadose zone beneath the SDA. There was, 
however, an indication of slightly increased nitrate a m d o n s  downgradient from the SDA (Burgess 
1996; On and Cecil 1991). An estimated local background Concentration Of 700 pg-NL (Burgess 1996) 
was assumed to be correct. The dissolved-phase transport model was then calibrated to that portion of the 
observed aquifkr nitrate concatrations above the estimated local background c o n e o n .  Since the 
iden@cation of a nitrate source h m  the SDA is questionable, assuming that a nitrate source did cause the 
observed amcentrations above a local background is Conservative from the standpoint of assessing 
dissolved-phase transport. Ifthere is in ;Eict not a nitrate contribution to the qui& from the SDA and the 
calibrated model shows there is, the model then predicts more rapid transport than is actually occurring 
which is generally c o d v e .  The calibration to nitrate co- 'ons above the local background did 
show reasonable agreement. Further comparisons of the vadose zone field data and the C-14 simulations 
indicate that the model is predicting C-14 transport at a higher rate than is observed. 

The combined gaseous- and aqueous-phase transport model was calibrated using carbon 
tetrachloride c o n d o n s  measured in an extensive vapr-phase monitoring network and in the 
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groundwater. Thiscalibrationwasverysuccessllinthatgood~~was obtainedbetweenvadose 
zone soil gas concentration profiles and time histories. Good agreement was also obtained betwen 
simulation and observed a q d r  carbon tetrachloride concentrations in the aquifer. 

4.1.3 Predictive Simulations 

Following the flow and transport calibration efFort, the modell was used to predict contaminant fate 
and transport. Becker et al. (1998) simulated 53 total contamhnb (radiological and n o d o l q j c a l )  with 
upper-bound inventory estimates. Based on the subsurfhce pathway flow and transport model, six 
radionuclides (C-14, Tc-99,I-129, Np-237, U-234, and U-238) were identified in the IRA as the ]primmy 
radiological risk drivers. These six radionuclides and the necessary parents (Pu-242, Pu-238, andl Am-241) 
were resimulated fix the Composite Analysis with b e s t d  waste disposal inventories. Improved 
estimates of the Tc-99 inventow later showed that Tc-99 is not a primary radiological risk driver. The 
remainder of the radionuclides identified in the Composite Analysis were evaluated using the d i t s  from 
Becker et al., (1998) with appropriate inventory scaling factors applied (see Section 4.1.5). Tritium was 
the one radiological contaminant evaluated using the combined dissolved- and gaseous-phase tramport 
model. All other radionuclides, including C-14, were evaluated with the dissolved-phase transport model. 

Predicted model concentdons at a depth of 12 m (40 fk) within the saturatad portion of the 
simulation domain that correqxmded to the SRPA were usedto calculate doses. There were effectively 
seven [Sm (26 fi) thick] vertical d grid blocks representing the aquifer in the flow and transport 
simulations. The 12 m (40 A) depth corresponded to the secollcl saauated grid block from the top of the 
a q d r  which extended h m  8 to 16 m (26 to 52 fk). The existing monitoring wells at the SDA are 
generally screened in this same interval because it was the first productive zone encountered during drilling. 
It is assumed that this same vertical interval will supply the majority of water fix a hypothetical 
groundwater well. During institutional control (until 2120), maximum simulated concentdons id- the 
southem INEEL bounda~~ were used. After institutionsrl control, the maximum simulated concatration at 
the 12 m (40 fk) depth from a set of grid points approximately 100 m (328 fk) downgradient from .the SDA 
boundary (see Figure 4-5) was used. 

4.1.4 Composite Analysis Model 

The Composite Analysis uses best-eshat~ of the waste inventory where the RWMC WAG 7 IRA 
used upper-bound estimates of the waste invento~~ in the risk assessment model (Becker et al., 1998). For 
radionuclides other than the primary risk driver, instead of redoing the entire set of simulations using the 
bestestimate inventmy for the Composite Analysis, the IRA results were scaled based on inventoiry ratios. 
Scaling is appropriate because the uncertainty for each radionuclide is the same across waste strei;uns and 
across years. All waste stream and yearly disposal i n f o d o n  is scaled by the same factor, resuliting in 
the total release from the waste scaling the same as well. For radionuclides that are not members of decay 
chains the scale factor is simply the ratio of upper-bound estimate of waste inventory to best&mte of 
waste inventory. However, the scale b r  for the daughter products in a decay chain depends on the 
relative contribution fiom the ingrowth compared to the initial disposal of the daughter. As such, the factor 
is a function of time as the relative contribution from the ingrowth increases. For this analysis, a single 
scale fktor was used. The fiictor is the weighted average contribution from the initial disposals and fiom 
the ingrowth at the time of the peak &roundwater risk for each daughter product. For example, the factor 
for Np-237 is 0.419. This is the weighted average of the mtribution fnrm the initial disposal of 1.8 Ci of 
Np-237 and the ingrowth of 26 Ci fiom Am-241 at the time of the peak risk for Np-237. Table 4-5 
presents the scale factors used and Table 4-6 presents the weighting factors used to develop the staling 
fktors for the daughter products. 
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Figure 4-5. Numerical grid locations fiom which the peak aquifer mcentmtiuns were taken after the 
period of instiaitionat control. 
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Table 4-5. Scale factors used to convert the upper-bound doses to bestestimate doses. 

~ - ~ ~ - ~  
Radionudide &st-E9t imateD$posalM u p p e r - ~ D i s p o s a A m 0 U n t  W e  Faobr 

(1952-2020) (1952-1993) 

(ci) mi 
Ad27 

Am241 
Am243 

C14 
C136 
an244 

co60 

e137 
-152 
Ed54 
H3 

I129 
Na22 
Nb94 
Ni59 
Ni63 

Np237 
Pa231 

Pb210 
Pu238 
m 3 9  
Pu240 
-41 
Pu242 
Ra226 
RaZ28 

Sr90 

TC99 
Th228 

Th229 
-ill230 

'R1232 
U232 

u233 
U234 
u235 

U236 
U238 

O.OOOOE+OO 

1.4718E+05 
2.27373-01 
1.28723+04 
3.1420E-01 
7-0638E4-01 
6.0057EUM 
62116E+OS 
2.423934-02 
2.9570E+03 
7.17943+06 
1.9950301 
I.O919E+OO 
5.26893+01 
6.4952343 
1.2644Em 
1.8422E#O 
O.OOOOE+OO 
O.OOOOE+OO 
2.45093+03 
63594E+04 
1.4581E+04 
3.8665345 
9.61 16M1 
5.9887E41 
O.OOOOE+OO 
4.5221Ei-05 
1.8875E+02 
1.02OOE+01 
O.OOOOE+OO 
1.78903-02 
1.3187E+OO 
I.OSgZE+OI 
1.1499E+OO 
7.1766E+01 
5.7167E+OO 
2.1586E+OO 
1.5815E+02 

O.OOOOE+OO 

3.6797EM5 
1.6529E+OO 
8.8598E+04 
2.2887E#O 
4.9733EM2 
9.3854Ei-06 
1.6701E+06 
3.1877E4-02 
2.074634-04 
3.80123+06 
4.58863-01 
6.0624Ei-00 
9.13 17E+01 

3.6314E+04 
2.2433E+06 
1.3081E+01 
O.OOOOE+OO 
O.OOOOE+OO 
9.8517EMJ3 
1.5999E+05 
4.0257E4-04 
9.83603+05 
2.3392E+OO 
8.8604E+0 1 
O.OOOOE+OO 

2.6564Em 
1.3289343 
1.5563E+01 
O.OOOOE+OO 
2.8399E-02 
1.7%33+00 
1.3677E-FOl 
1.5775E+OO 
1.6233Ei-02 
1.0516E4-01 
6.2100E+OO 
4.3387E4-02 

5.44E-01' 
4.323-01 ' 
1.38E-01 
1.45E-olb 
1.373-01 
1.42E-01 
6.40301 
3.723-01 
7.603-01 
1.43E-01 
1.89E4-00 
4.35E-01 
1.80E-01 
5.773-01 

1.79E-01 
5.643-01 

4.193-01' 
5.44301' 
6.76E-0 1 ' 
2.493-01 
3.973-01' 
3.62301' 
3.93301 
4.11E-01 
6.753-01 ' 
6.55301 ' 
1.70E-01 
1.42E-01 

6.55301' 
7.29E-01 
4.433-01' 
7.34E-01 ' 
7.74301 
3.65301 ' 
4.41E-01' 
5.4oE-01' 

3.59301 ' 
3.65E-01' 

a) Wei- average scale &tor. 

b) Not used because ofthe Kd change. 
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Table 4-6. Scale factor for daughter products. 
Inventory 

d 
Daughter Inventoq at Parent 

Initial Parent &peakw/ weighted Peak 

n(Ci) Panat (a) m) 
Initial TimeofPeak Daughter concentratio 

Life h y a  Average Inventoq Half 
(a) ScaleFaCtor 

Inventory Groundwater HalfLife 
((3) Concentration e) Nuclide 

Ac227 
Am24 1 
Np237 
Pa23 1 
€5210 
Pu239 
PU240 

Ra226 
Ra228 
Th229 
Th230 
-32 
U233 
U234 
u235 
U236 
U23 8 

O.OOE+OO 
1.60Ei-05 
1.84E+OO 
O.OOE+OO 
O.OOE+OO 
6.36E.104 
1.46EW 
5.99Ei-01 
O.OOE+OO 
O.OOE+OO 
1.793-02 
1.32E+OO 
1.15E-Mo 
7.18Ei-01 
5.72E+OO 
2.16E+OO 
1.58Ei-02 

5.76Ei-03 
3.75Ei-03 
5.76Ei-03 
5.76EM3 
1.20E+04 
1.20EW 
1.20EW 
1.20E.104 
1.20E.104 
8.96Ei-03 
8.56Ei-03 
1.20EW 
5.36Ei-03 
4.35E+03 
4.55Ei-03 
4.76Ei-03 
4.55Ei-03 

2.18Ei-01 
4.32EtO2 
2.14E+O6 
3.73E.104 
2.23Ei-01 
2.41Ei-04 
6.57J3i-03 
1.60Ei-03 
5.75Ei-00 
7.34EM3 
7.70EW 
1.41E+10 
1.59Ei-05 
2.45Ei-05 
7.04Ei-08 
2.34Ei-07 
4.47Ei-09 

O.OOE+OO 
8.90Ei-03 
1.84E+OO 
O.OOE+OO 
O.OOE+OO 
4.76EW 
5.05Ei-03 
7.68E-01 
O.OOE+OO 
O.OOE+OO 
1.693-02 
1,32E+OO 
1.13Ei-00 
7.13Ei-01 
5.723+OO 
2.16Ei.00 
1.58Ei-02 

Pa23 1 
Pu241 
Am241 
U235 
Ra226 
Am243 
cm244 
Th230 

Th232 
u233 
U234 
U236 
Np237 
u238 
Pu239 
Pu240 
Pu242 

O.OOE+OO 3.73Ei-04 O.OOE+OO 
3.87Ei-05 1.44Ei-01 7.43Ei-02 
1.60Ei-05 4.32Ei-02 3.22EM1 
5.72Ei-00 7.04Ei-08 4.42E-01 
5.99E-tOl 1.60Ei-03 7.643-01 
2.273-01 7.38Ei-03 3.623-02 
7.06Ei-01 1.81Ei-01 6.72E-02 
1.79E-02 7.70Ei-04 1.653-02 
1.32EW 1.41E+10 1.32E+OO 
l.lSE+OO 1.59Ei-05 5.47E-01 
7.18E4-01 2.45Ei-05 4,11E+Oo 
2.16Ei-00 2.34Ei-07 1.07E-06 
1.84E+OO 2.14Ei-06 1.84E+OO 
1.58Ei-02 4.47Ei-09 1.07E+OO 
6.36Ei-04 2.41E.104 1.57E-01 
1.46Ei-04 6.57Ei-03 7.17E+OO 
9.61E-01 3.76Ei-05 3.87E-07 

5.44E-01 
4.32E-01 
4.19E-01 
5.44E-01 
6.76E-o 1 
3.97E-01 
3.62E-01 
6.75301 
6.55E-01 
7.29E-01 
4.43H1 
7.34E-01 
3.653-01 
4.413-01 
5.40E-01 
3.593-01 
3.69301 

a CalculatedusingRADDECAY. 
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In order to check the scaling assumptions, Am-241 and Tc-99 were also rerun. Figure 4-6 and 
Figure 4-7 show a comparison of the scaled IRA doses used in the Composite Analysis with the doses run 
usingthebest-eshate waste disposal inventory. As can be seen, the results match well andthe scalingis 
appropriate. Note that the significant drop in the dose around the year 7780 is a result of the temlination of 
the C-14 simulations earlier than the other long-term dose contributors. 

4.2 Exposure Scenarios 

The all-pathways exposure scenarios resulting from conbmhatd groundwater are evalui&d in the 
Composite Analysis. Receptors (members of the public) are assumed to be located at the INEEL Site 
boundary during operations and institutional control (until the year 2120) and at 100 m from the IWMC 
boundary during post-institutional control. Potential radiological dose to a hypothetical future member of 
the public from the active LLW disposal facility and all other sources of radioactive mataid in the ground 
that may interact with the LLW disposal facility are assessed. Based upon the source tern development in 
Section 3.1, the RWMC (WAG 7) is the only source at the INEEL that will s i g n S d y  interact with the 
LLW facility. 

The potential dose from gas-phase radionuclides in the air pathway is negligible and is not 
evaluated in the CA. The INEEL demomtmks compliance with annual dose limits for the public caused 
by air emissions, as specified in 40 CFR 61, Subpart H Natioml Emission Standhrds for Emismbns of 
Radionuclides other than Radonfiom Deprtment ofEnegy Facilities (NESHAP). From 1991 to 1996, 
the annual off-Site doses caused by INEEL’s operations (as reported in the NESHAP anuual repart series, 
DOE/ID-10342 years 1991 through 1996), have ranged from 0.0015 to 0.031 mren These doses are 
much less than 1% of the 10 W y r  standard. Future trends in dose esb’unates along atmospheric 
pathways caused by point source emissions will depend on Site operations, but are expected to be relatively 
constant for the foreseeable future. Doses caused by diffuse emissions are expected to decrease aver the 
long term as remedial actions are completed or inventories are depleted. 

Figure 4-8 sumrnarizeS the exposure pathways evaluated for the CA. The following sections 
describe the allpathways and groundwater protection scenarios used to evaluate potential adverse: health 
effects to members of the public. 

4.2.1 All-Pathways 

The methodology used to calculate the all-pathways dose is based on the methodology p r e d  in 
NRC (1977) and Peterson (1983). This all-pathways scenario assumes a receptor consumes: (1) 
con taminated groundwater, (2) l e  vegetables and produce that were irrigated with Contaminateci 
groundwater, and (3) milk and meat from animals that consume contamhat& water and pasture grass 
irrigated with contaminated groundwater. Radionuclide concentrations as a function of time at the receptor 
well, which are calculated using the hydrological transport model described in Section 4.1, are uscd as 
input to this model. The receptor is located at the INEEL Site boundary during the operational and 
institutional control periods, based on guidauce from DOE-HQ.’ During this time, the INEEL Site 
boundary is mahkkd, and access by the public is not allowed. During post-institutional control., the 

*. Letter fi-om S. P. Cowan to J. T. Case, June 20, 1996, “Groundwater Compliance for the Low-Level 
Waste Radiological Performance Assessment for the Radioactive Waste Management Complex at the 
Idaho National Engineering Laboratory.” 
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Figure 4-8. E ~ p ~ ~ u r e  pathways at the RWMC considered in the Composite Analysis. 

receptor is located 100 m downgradient of the RWMC ikcility boundary. Table 4-7 amtains the parameter 
values used in the all pathways dose calculation. 

The dose fram human consumption of drinking water is calculated using: 

pCi rem 

where 

(4-1) 

D - dose (CEDE) from one year's consumption of * media,inthiscase - 
groundwater (mrem/yr) 

radionuclide mncentmtion in groundwater (pCi/L) - CGW - 
uw - - humanconsumption rate ofwater Vyr) 

DCF = ingestion dose conversion fkdm (rem/pCi). 

The beefaud dairy exposure mute assumes cattle drink contaminated stock Wzrter andthe receptor in 
tu rnconsumestheco~tedbeefanddlk~omthede .  Meatandmilkaretreatedseparately. The 
dose is calculated using: 

Meat: 

x FB 10"pCi I ,  OOOmrem D = CGW x Qw x F~ x UB XXFX X pci rem 
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Table 4-7. Parameter values used in the all-pathways dose calculation. 
Parameter Value Reference 

uw 

Qwwcatt le)  

%(-cattle) 
QF w d e 7  dry weight) 
QF (milk cattle, dry weight) 

UB 

UM 
UP 

ULV 

I 
K 
rNV (leafy veg, wet weight) 

r/Yv (produce, wet weight) 

P (dry weight) 

4 
B 
fi 
T (leafyveg) 
T (produce) 

DF (lea@ veg) 
DF (produce) 

Fv 
FB 
J?M 

2 Uday 

muday 

12 kg/day 
16 kg/day 

112 Llyr 

18- 

50 Uday 

85 kg@ 

176 kg/yr 

8.47 Um'day 
0.025 mm" 
0.076 m'kg 

0.032 m2/kg 

2.0 m2& 

225 kg/m2 

90 &Y 
365 day 

0.25 

1 .o 
0.1 

0.5 

1.0 

0.7 

0.442 

0.399 

EPA (1989a) 
NRC (1977) 
NRC (1977) 
NCRP (1984) 
NCRP (1984) 
Rupp (1980) 

RUPP (1980) 
R.ilpP (1980) 
RUPP (1980) 
Site specific 

Peterson (1983) 
calculated from Baes and Orton (1979) ;and Baes 
et ai. (1984) 
calculatedl from Baes and Orton (1 979) ;and Baes 
et al. (1984) 
calculated from Baes and Orton (1979) :and Baes 

DOE (1987) 

Site specific 
Site specific 

Site specific 
Ng et al. (1978) 

Ng et al. (1978) 

Ng et al. (1978) 
Ng et al. (1978) 
EPA (1989b) 
EPA (1989b) 
EPA (1989bl 

etal. (1984) 

4-22 



Milk: 

* 
c * 
1) 

a * 
a 

a 

0 

e 
e 

X M  
IodpCi I ,  OOOmrem D = CGw x Q, x F ,  x U M  xDCFX X pci rem 

consumption rate of water by beef or milk d e  w h y )  

meat transfer d c i e n t  (daykg) 

human umsumption rate of meat (kg/yr) 

- - fraction of beefproduced locally (unitless) 

- - milk transer COefEicient (day/L) 

- - humanconsumptionrateofmilk(L/yr) 

- - 

- - 
- - 

- - 

fraction of milk produced locally (unitless). 

(4-3) 

The dose to humans from ingestion of COntamitlsLted leafy vegetables and produce is calculated 
assuming two COntarmfliL * tion routes: (1) direct deposition of con- irrigation water on plants and 
(2) deposition of contamtnated * irrigation water on soil followed by root uptake by plants. Leafy vegetables 
and produce are treated separately. The dose through direct deposition is calculated using: 

Leafy Vegetables - Direct Deposition: 

x D F x T x F V  (44) 
1,OOOmrem 

rem 
xDCFx cGW x I x r 1 - e-('r+mG lod pCi 

ULY pci 
D =  X Y, ar +w 

Produce - Direct Deposition: 

mrem x DCFx xDFxTxFV (4-5) 
c,, x I x r 1 - lod pCi D =  X xup x YY ar +w pCi rem 

where 

I = irrigationrate~mz-day) 

r = interceptionfrslction(unitless) 

Y, = agricultural yield (kg/m2, wet weight) 

L = radioactivedecayconstant(perday) 
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k =  

Q =  

ULV = 

DF = 

T =  

N =  

up = 

washoff constant (=-I) 

higation time (day). 

human consumption rate of leafy vegetables (kg/yr) 

fiaction of activity feMaining after preparation and processing (unitless) 

translocation factor (unitless) 

fiaction of leafy vegetables and produce produd l d y  (unitless) 

human umumption rate of produce (kg/yr). 

The product kI is also known as the weathering rate umstant because of washoff (Peterson 1983). 
This quantity describes the rate at which material is removed h m  plant surfaces by water and is d o g o u s  
to A, the weathering rate constant used in non-inigation situations. The d u e  of H is calculated using: 

X = 0.2I2/day . l,ooomm 8.471; 1 ~ 3  kf = O.O25mm-' x 
m2 -/1~av I ,  OOOL Im (4-6) 

The dose from deposition of contarmna - ted inigation water on soil followed by root uptake by plants 
and human consumption of plants is calculated using the following eq[uations. Credit is not taken for 
leaching of radionuclides fiom the root zone of plants. 

Leafy Vegetables - Root Uptake: 

l:, 000 mrem 
X x CRx U,, x x DCF x XFV 10" pCi -&th C G W X I X ~ :  1-e 

P a,+w Pci rem D =  

Produce - Root Uptake: 

1, OOOmrem XFV 1 - 10dpCi 
X xCRxU,x x DCFx P a? + w pCi rem 

cGW D =  

where 

6 

P 

CR 

Gl 

(4-7) 

M o n  of the year that crops are migated (unitless) 

areal density & (dry weight soil)/m2] 

concentration ratio [PCikg (wet weight plant) * pC&g (dry weight soil)] 

build-up time for radionuclides in soil (day). 

(4-8) 
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The dose to humans from ingestion of co ntaminated animal products is also calculated assuming two 
con tamination routes: (1) direct deposition and (2) root uptake; meat and milk are treated separately. All 
food (pasture or stored feed) eaten by cattle is assumed to be contantinate. The dose through direct 
deposition is calculated using: 

Meat - Direct Deposition: 

(4-9) 

Milk - Direct Deposition: 

(4-10) 

where 

Y V  - - agricultural yield (kg/m2, dry weight) 

QF 

The dose through deposition on soil followed by root uptake is calculated using the following 
equations. As with produce and 1 4  vegetables, credit is not taken for leaching of radionuclides &om the 
root zone of plants. 

- - animal consumption rate of pasture and feed ckg (dry)/day]. 

Meat - Root Uptake: 

1,OOOmem x DCF x x FB (4-11) 
c,, x ~ x x  1-e+7~4 104pCi 

x CRx Qp x Fr x U, x P 4 pci rem 
D =  

Milk - Root Uptake: 

I, OOOmrem xRM (4-12) 
1O-wi x m F x  cGW x I X A  1-ee-ht4 

X xCRxQ,xF,xU,x P iz, Pci rem 
D =  

where 

CR - - concentfation ratio [pCi/kg (dry weight plant) + pCikg (dry weight soil)]. 
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Equivalent water intake rates for all pathways are calculated using the above methodology imd a 
spreadsheet. These rates are then input into GWSCREEN to perform all-pathways dose calculations. 

Secondary and indirect pathways, such as inhalaton of contaminated irrigation water, inhalation of 
con taminated dust, or extemal exposure fiom radionuclides deposited on the soil, were omitted fiom this 
scenario. These pathways were either not viewed as credible (e.g., a fhmer standing under a center pivot 
irrigator while it was runujng and inhaling con taminated irrigation water) or would contribute relatively 
minor amounts when compared to direct pathways such as direct ingestion of contamhat& water. 

4.2.2 Groundwafer Protection Scenario 

The groundwater protection scenario is used to evaluate compliance with the groundwater pirotection 
perfbrmance objectives. Receptor locations for this analysis were chosen based on guidance fiom DOE- 
HQ? During the operational and institutional control periods, the receptor is located at the nearest INEEL 
Site boundary in the direction of groundwater flow, 5,500 m (18,045 &) south-southwest from the RWMC. 
During this time, the JNEEL Site boundary is maintained, and access by the public is not allowed. During 
p o s t - m o d  control, the receptor is located 100 m (328 e) downgradient of the RWMC facilrty 
boundary. Radionuclide concentrations as a function of time at the receptor well are calculated using the 
hydrological transport model described in Section 4.1, and are used as input to the gromdwater protection 
analysis. 

4.3 Composite Analysis Results 

The results of the Composite Analysis indicate that during the lL,OOO year compliance period the 
projected total dose to a hypothetical member of the public does not exceed the DOE primary dose limit of 
100 mrem/yr. The CA results predict an all-pathways dose rising to 58 mrem/yr by the year 3,000 for a 
member of the public located 100 m (328 fi) downgradient of the SDA. Within the period of institutionat 
control, a member of the public located at the INEEL Site boundary would receive a minimal all-pathways 
dose of 0.23 d y r .  

4.3.1 Peak Dose Results 

The peak dose results for a receptor located 100 m (328 ft) downgradient fiom the SDA dwing the 
1,000 yr compliance period are given in Table 4-10. The results include the peak groundwater ingestion 
dose, the peak all pathways dose, the peak groundwater conantration and the year the peak ocxurso. The 
largest predicted radionuclide doses are for C-14, Np-237, U-234, and U-238 (Table 4-8). The dase peak 
occurs at the end of the 1,OOO yr period of compliance with 45 mrem/yr for direct ingestion of groundwater 
and 58 mdyr for the all pathways dose (Table 4-8). During the 1,000 yr compliance period the total 
beta/- dose from groundwater ingestion peaks at approximately 10 d y r  at the year 2245 and 
exceeds the maximum m&mmmt level @EL) of 4 mrem/yr (Table 4-8). The total alpha act iv i ty  in 
groundwater remains below the 15 p C f i  standard and peaks at the end of the compliance period vyith a 
concentration of approximately 5 p C f i  (Table 4-8). 

* 

*. Letter from S. P. Cowan to J. T. Case, June 20,1996, ‘‘Groundwater Compliance for the Low-Imel 
Waste Radiological Per€ormance Assessment for the Radioactive Waste Management Complex at the 
IdahoNational Engineering Laboratory.’’ 
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Table 4-8. Peak dose 100 m downgradient ofthe SDA during the 1,000 year compliance period. 
R & l i W C J i d C  Ycarofmudmuln Maxhnrmdind -allpathways -- --(w) D@=(==@) Win) 

A627 
Am241 
Am243 

C14 
CU6 
cm244 

co60 

a137 
E11152 
EulS4 
H3 

I129 
Na22 
Nb94 
Ni59 
Ni63 

Np237 
pa231 
Pb210 
Pu238 
PU239 
Pu240 

Pu241 
Pu242 
Ra226 

Ra228 
s a l  
TC99 
TU28 
m29 

Th230 

Th232 
u232 
u233 
u234 
u235 
U236 
U238 
Total 

Total a 

2999 
2999 
2999 
2245 
2253 
2120' 
21201 
2120' 
2055' 
2120' 
2120' 

21201 
2245 

2999 
2999 

2396 
2999 
2999 
2999 
23% 
2999 
2999 
2120' 
2999 
2999 

2999 
2120' 
2846 
2271 
2999 
2999 
2999 
2271 
2999 
2999 
2999 
2999 
2999 
2999 
2999 

Tots lh  2245 . .  
1) Peak m before ewl ofia3tiMid control (21202 

1.34E-01 
1.523.02 
1.223-07 
6.62E+OO 

3.853-02 
1.953-10 
1.923-16 
5.20E-09 
2.883-13 
5.16E12 
2.273-02 
3.01E+OO 
4.203-16 
1.493-11 
1.363.07 

1.14E-07 
136Ei-01 

3.71E-01 
1.593-03 
1.33310 
2.01E-06 
4.263-07 
1.83313 
2.833-11 
2.45- 
4.733-08 
1.59E-04 
8.733-03 
1.823-03 
4.033-03 
3.053-03 
1.383.07 
6.603-03 
9353.02 
1.04Ei-01 
7.553-01 
3.20E-01 
1.62Ei-01 
4.50Ei-01 

NA 

9.68E+OO 

1.42E-01 
1.603-02 
1.283-07 
2m+O1 

1.63E+OO 
205E10 
4.423-16 
1.433-08 
3.813-13 
6.823-12 
6.57Eo2 
6.94E+OO 
2.953-1s 
2.433-10 
2.00E-07 
1.693-07 
1.44Ei-01 
3.903-01 
1.7IE-03 
1.40E-10 
211Eo6 
4.47M7 
1.93513 
2.97E11 
2.70- 
531Eo8 
2.03E-04 
2.88E-02 
1.913-03 
4.243-03 
3.21E-03 
1.453-07 
7.343-03 
1.043-01 
I.ISE+OI 
8.403-01 
3.563-01 
1.8OE+O1 
5.81Ei-01 

NA 

NA 

l.3lEo2 
4.843-03 
3.87E-08 
4.5 IE+O3 
1.84Ei-01 
1.213-10 
1.063-14 
1.49E-07 
6.86E-11 
8.093-10 
5.15E+O2 
1.54Ei-01 
5.003-14 
4.183-09 
9.68304 

3.02304 
499E+OO 
4.823-02 
4.463-04 
5.01E-11 

6.67E-07 
1.423-07 
3.053-12 
9.853-12 
3.lSE04 

5.63E-08 

1.7SE-03 
9.60E+OO 
3.453-03 
1.473-03 
8233-03 
7.06E-08 
7.253-03 
4-953-01 
5.69Ei-01 
4.3 1E+OO 
1.83E+OO 

9.42Ei-01 
NA 

5.13E+OO 

NA 

. ,  
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The peak dose at the INEEL boundary for the period of institutional control (1997 to 212011 is 
negligible. The maximum dose at the INEEL boundary during the institutional control period is 
approximately 0.07 m r d y r  for groundwater ingestion and 0.23 d y r  for all pathways. The largest 
predicted dose is from C-14, with a maximum direct groundwater ingestion dose of 0.04 mrdyr and all 
pathways dose of 0.18 mrem/yr. 

4.3.2 Dose Trends 

The Composite Analysis indicates that the projected all pathways dose will exceed the 30 m u d y r  
dose constraint around the year 2,200 and will continue to rise and reach an initial peak at approximately 
the year 2250 (Figure 4-9). The projected all pathways dose is then predicted to decrease below tlle 30 
mrdyr dose constraint and continue to decrease until around the year 2,550; thereafter, the all prithways 
dose is expeded to continuously rise through the remainder of the 1,000 yr compliance period (Figure 4-9). 
The projected groun-r ingestion dose is predicted to continuously rise throughout the 1,000 y r  
compliance period (Figure 4-9). The peak dose values for groundwater ingestion and all pathway., 4. occur at 
the end of the compliance period (Figure 4-9). 

The dose trends of the signiscant radionuclide components of the all pathways dose during the 1,000 
yr compliance period are given in Figure 4-10. The results indicate that the all pathways dose contribution 
of long-lived actinides will increase throughout the compliance period (Figure 4-10). The simulations 
predict that the all pathways dose attributed to C-14 rises within the 1,000 yr compliance period until the 
year 2245 and then decreases thereafter (Figure 4-10). The peaking and diminishing dose from C-14 
combined with the effect of continuously increasing actinide dose results in the crest and trough t r t d  in the 
all pathways dose during the 1,000 yr compliance period. 

Similarly, the CA predicts that the groundwater ingestion dose contribution of long-lived actinides 
will increase throughout the compliance period (Figure 4-1 1). The groundwater ingestion dose attributed to 
C-14 is predicted to rise during the 1,000 yr compliance period until tlhe year 2245 with a peak of 
approximately 7 mrem/yr and then decreases thereafter (Figure 4-1 1). 

Beyond the 1,000 year compliance period, the presence of long lived actinides in groundwater may 
pose particular concerns. Figure 4-12 shows the predicted totat uranium concentration in groundwater at 
100 m (328 ft) downgrachent from the SDA boundary for 10,OOO years simulation. The uranium 
concentration has risen to 0.26 mg/L by the year 3,000 and exceeds tine proposed MCL of 0.02 ny$L and is 
predicted to eventually rise to 1.17 mg/L (Figure 4-12). The peak all pathways dose for 10,000 years 
simulation at 100 m (328 ft) downgradient fiom the SDA boundary is predicted to be 340 mr-r for and 
is primarily attributed to actinides including isotopes of uranium as well as Np-237 (Table 4-9). It should 
be noted that there is relatively high uncertainty in the a d a b l e  mobility and solubility data for actinides. 
Investigations are underway to provide better site-specific data to be used in b e  radiological 
performance and risk assessments at INEEL. 
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Figure 4-9. Total all-pathways and groundwater ingestion dose at lOOm downgradient from the SDA boundary during the 1,000 year compliance 
period. 
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Table 4-9. Peak dose 100 m domgmh 'ent of the SDA up to 10,000 years. 
Radionuclide Yearofmaximum Maximumdirect Maximumall Maximum 

ingestiondose pathways- coacentration 
(-*I (-*) wm 

Ac227 
Am241 
Am243 

C14 
C136 

Cm244 
cO60 
Cs137 
Eu152 
Ed54 
H3 

I129 
Na22 
Nb94 
Ni59 
Ni63 

Np237 
Pa23 1 
a210  
-210 
Pu238 
Pu239 
Pu240 
Pu24 1 
Pu242 
Ra226 
Ra226 
Ra228 

SI90 

Tc99 
m2a 
Th228 
Th229 
731230 

8557 
3833 
12010 
2245 
2253 
2120' 
21201 
2120' 
2055' 
21201 
2120' 

21201 
2245 

11760 
11760 
2396 
6355 
6555 
12010 
12010 
23 96 
12010 
12010 
2120' 
12010 
12010 
12010 
12010 
21201 
2846 
12010 
2271 
10160 
11760 

3.15E-tOO 
2.36E-02 
1.95E-05 
6.62EtO 
3.85E-02 
1.95E-10 
1.923-16 
5.20E-09 
2.88E-13 
5.16E-12 
2.27E-02 
3 .O 1EtO 
4.2OE-16 
1 .O 1E-07 
5.88E-05 
1.14E-07 
2.15EW2 
5.93EW 
8.243-01 
2.31E-02 
1.33E-10 
1.52E-03 
1.61E-04 
1.833-13 
2.74E-08 
9.36E-02 
2.6m-03 
3.10E-05 
1.59E-04 
8.74E43 
1.732-05 
1.82E-03 
8.47E-02 
3.85E-02 

3.32E-tOO 
2.48302 
2.05E-05 
2.66E4-01 
1.63E+OO 
2.05E10 
4.423-16 
1.43348 
3.81E-13 
6.82E12 
6.57E-02 
6.94EtO 
2.95E-15 
1.65E-06 
8.69E-05 
1.69E-07 
2.27E4-02 
6.23E4-00 
8.85341 
2.483-02 
1.4OE-10 
1.60303 
1.69E-04 
1.93E-13 
2.87Eo8 
1.03E-01 
2.92E-03 
3.42E-05 
2.03344 
2.88E-02 
1.84E-05 
1.91E-03 
8.90E-02 
4.04E-02 

3.09E-01 
7.49303 
6.20E-06 
4.5 1EW3 
1.84EW1 
1.2 lE-10 
1.06E-14 
1.49E-07 
6.86E-11 
S.09E-10 
5.15E4-02 
1.54Ei-01 
5.OOE-14 
2.83E-05 
4.20E-01 
3.02E-04 
7.88E4-01 
7.70E-01 
2.31E-01 
6.483-03 
5.01E-11 
5.06E-04 
5 . 3 m 5  
3.0 5E-12 
9.543-09 
1.22E-01 
3.44E-03 
3.69E-05 
1.753103 
9.60E+OO 
3.32E-05 
3.45E-03 
3.10E-02 
1.04E-01 
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Table 4-9. (continued). 
Radionuclide Yearofmaximum Maximumdirect Milximumall Maximum 

ingestion dose pathwaysDo= concentration 
(-44 (me) wm - 

Th230 12010 1.373-03 1.443-03 3.70E-03 
Th232 12010 9.37E-05 9.84E-05 4.78E-05 
u232 
U233 
U234 
U234 
U235 
U236 
U238 
Total 
Total 01 

2271 
5955 
4755 
5955 
4755 
5355 
4755 
5555 
6355 

6.60E-03 
4.983.01 
3.39Ei-01 
8.59E-01 
2.52Ei-00 

1.31Ei-00 
6.76Ei-01 
3.14Ei-02 
NA 

7.34.E-03 
5.543.01 
3.77B-O 1 
9.56E-01 
2.80Ei-00 

1.46Ei-00 
7.52Ei-01 
3.40Ei-02 
NA 

7.25E-03 
2.63E+OO 
1.86Ei-02 
4.72Ei-00 
1.44Ei-01 
7.50Ei-00 
3.94Ei-02 
NA 

8.11Ei-0 1 
Total $9 2245 9.68 NA NA 

- 1) Peak oaxtrsbefii tile end ofthe institrrtonal colrtrol perioa (2120). 
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5. UNCERTAINTY AND SENSITIVITY ANALYSIS 

This section discusses the results of the sensitivity and uncertainty analysis performed for 
the Composite Analysis. Uncertainty analysis is the process by which uncertainty in the model 
input, and uncertainty in the model are e v a l d  and expressed in terms of the overall precision of 
the output variable. Precision of the output viuiable is usually expressed as a distribution of 
possible values within which lies the true, but unlmown value. Sensitivity analysis is used to 
assess the sensitidy of the output variable 08 changes in input parameter values. Model 
complexity and limitsd field data r e s t r i d  this analysis to a semi-ve approach that is 
discussed in the following sections. 

5.1 Uncertainty Anafysis 

Uncertainty typically has two components; parameter uncertainty and model uncertainty. 
Model UIlcerfaZfTty addresses the degree to which a model represents a physical system. All models 
are simpliiidons of a real physical system. Model uncertainty is e v a l u a t e d  by Compsrring model 
predictions with field measurements. Parameter uncertainty evaluates the uncatahty in a model 
output variable givm input variables are represented by distributions of possible values instead of 
a single fixed value. Parameter uncertaintytypidy requires a Monte Carlo approach where 
numerous model simulations are performed. For each simulation, parameter values are randomly 
sampled tiom user-provided distributions, the model is run, and the output variable is stored. 
Upon completion, a distribution of the output variable is then provided. For the composite 
analysis, quantitative parameter uncertainty analysis is not h i b l e  due to the complexity of the 
model and the computer run-time required. 

Uncertainty in the dose estimates made for the Composite Analysis may be attributed to 
uncertainty in: (1) source inventory, (2) source release mechauisms, (3) transport modeling, and 
(4) dose conversion factors. The first three items in the list above contribute to the uncertainty in 
the estimated groundwater concentration at the receptor point. The last item CoDSiders the 
utlcertainfy in the calculated radiological dose once radionuclides are ingested and is independent of 
the other three. Because doses are calculated to hypothetical and not real indivi-s, receptor 
physical attributes and behavior may be considered fixed for all time. The receptor represents a 
single individual who exhibits a given behavior and has fixed physical attributes. A population of 
receptors is not considered and therefore, wiabihty within the population is not expressed in the 
uncertainty. Receptor behaviors (i.e. drinking water umsumption rates, time and duration of 
exposure) were taken from EPA literaaue andrepresentedupper-bcmndestimates ofthese 
parameters that maximize exposure to the receptor. Uncertainty in the Composite Analysis is 
amihted to: (1) source term uncertainty, (2) model u n c e e ,  (3) pararneter uncertainty, and 
(4) dose conversion factor uncertainty and is discussed in the following sections in a qualitative 
manner. 

. 

5.1.1 Source Term Uncertainty 

Efforts to estimate the unce- in radionuclide inventories reported in CDRA are 
detailed in LMITCO (1995a and b). Statistical methods were employed to obtain the CIDRA best- 
estimate and associafed uncertainties which are presented as upper- and lower-bound values. 
Sources of uncertainty in CmRA radionuclide data include error in the measurement bias 
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correction, error in the measurement method, error in scaling factors used to estimate radionuclide 
distributions, and random error. Standard error propagalion techniques (NCRPM 1985) and the 
applicable uncertainties were used to estimate the overall u n q  in the CIDRA beststinnate 
values expressed as upper- and lower-bounds. Defensible uncertainty estimates for CIDRA blest- 
estimate values relied on profkssiod judgement, reasonable assumptions; as well as, standard 
statistical techniques and are considered analogous to 95% confidence limit values with reasonable 
c e w .  

5.1.2 Model Uncertainty 

Model uncertsun * ty addresses the degree to which a model represents the physical systern that 
the model simulates. AU models are simplifications of a real physical system. The source term 
model was calibrated indirectly during the groundwater calibration. The sensitivity of 
contaminants to selected hydrologic and transport parameters was qualitatively deeermined &iring 
the flow-and-transport calibration process and resulted in the following observations: 

Nitrate calibration is uncertain because of limited data that do not clearly indicate a 
contribution from the SDA to observed aquifer concentmtions. By assuming there is 
a cuntriiution above the local estimated background, the model is conservative since 
the Contaminants are modeled with the assumption of having reached the aquifkr by 
dissoIved-phase transport, and travel time would be un-. 

The modeled conantrations in the deeper vadose mne and in the SRPA were foimd to 
be insensitive to the choice of a transient or equivalent constaut infiltration rate. This 
finding was based on the assumption of equilibrium partitioning of contamiuants 
between the sorbed and dissolved phases. 

Themodeled m e r  coma&& 'om were relatively insensitive to longitudinal 
dispersivity in general; however, they were somewhat sensitive to transverse 
dispersion. 

The method of assigning sorption based on fracture s& areas resulted in low 
efFective &s and was essentially equivalentto assignins no sorption in the basalt. 
The upper portion of the aquifer is assumed to be composed of fractured basalt. 
Therefore, the aquzer is assumed to have W e  sorption for all radionuclides. 

The presence of a low permeabii region in the aquitkr beneath the southern hallf of 
the SDA has a measurable e- on the simulated collcentrsLfi 'ons at the compliance 
recepfor location. The low permeability is observed in transmissivity estimates :&om 
single-well pumping tests. The zone over which this low permeability region persists 
is uncertain. 

For gaseous phase transport, the sensitivity to b o u n b  condition influences was 
most pronounced for atmospheric pressure fluctuatim at land surfhe, positive 
pressure air injection during well drilling, and to vapor extraction activities. 

The trausport of gaseous phase contaminants was sensitive to diffusion, which is 
controlled by tortuosity. The uncertainly associated with tortuosity is large. 
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a Although there was a sensitivity to hydrologic parameters in general, the contamiflilllf 
concentrations in both the aqueous and gaseous phases were generally found to be 
much more sensitive to the inventory and simulated source release mechanisms than 
any of the hydrologic parameters in the subsuriace transport model. 

5.1.3 Parameter Uncertainty 

Model input parameters have associated uncertainties. Site-qxdic data and data from 
literature were reviewed to determine parameter values appropriate for conditions at the SDA 
including: 

a 

a 

a 

a 

Lithologic descriptions of the environment which describe the relative thickness of the 
basalt flows and the interbeds in the subsurface model as measured in lithologic logs. 

Heterogeneous hydraulic parameters. 

Soil-to-water partition &cients developed fiom column tests of native soils and 
national databases. 

Container Mure data taken from waste retrieval operations. 

Beryllium reflector block corrosion rates estimated analytically and &om sampling. 

Stainless steel corrosion rates fiom published reports on corrosion. 

The cc&mmmt inventoq developed from disposal records and subsequent 
refinements. 

5.1.4 Dose Conversion Factor Uncertainty 

The dose conversion factors @CFs) used in this assessment are DOE recommended values 
based on the latest htanational Atomic Energy Agency methodology, however, the DCFs have 
some UIlOertainty associated with them. Primarily due to the extrapolation fiom high dose to low 
dose and fiom animal data to human data. Although the Composite Analysis contains 
considerable sources of uncertainty, the consistent adoption of conservative assumptions and 
parameter dues ,  and adherence to EPA and DOE guideline reconrmendations are considered to 
provide reasonably conservative estimates ofthe cumulative impacts fiomthe LLW facility and 
other radiological sources that may interact with the facility to 
the public. 

the dose to future memben of 

5.2 Sensitivity Analysis 

Model sensitivity simulations were performed to address: 

a mobility - the & fix selected dose contributors was modified to determine the effect 
on the predicted doses. 
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infiltration rate - the infiltration rate inside the SDA was decreased to simulate the 
effect of emplacing a cap to determine the e W  on the predicted doses. 

duaI-phase transport - carbon-14 was simuIated for the CA as if it only moved in the 
dissolved phase. Dual-phase transport of C-14 was simulated to detemine effects on 
predicted doses. 

release rate - the cornion rate of steel was modified to determine the potential effm 
of chaaging the release of activation products from metals. 

Model sensitivity simulations were performed using CIDRA upper-bound inventories and 
best-eshate inventories. Doses calculated in each sitnulalion are generally based on maximum 
aquifer COnCentratiollS at a distance of 100 m (328 ft) downgradient from the SDA boundary, with 
some exceptions. 

5.2.1 Model Sensitivity to Contaminant Mobility 

The effect of changing the mobility of Am-241 and Np-237 was used to evaluate 
uncertainty associafed with the assigned partition coefficients (Kd). Np-237 is identifled as a 
potential risk driver and is a daughter product of Am-24 1. The simulations were performed with 
upper-bound CIDW inventOrie. Table 5-1 presents the & values used inthe base simulation and 
the three simulations performed for this analysis. The &s were varied by a h r  of two fionn the 
base case values. The Am-241 groundwater dose (mrdyr) results are shown in Fwre 5-1 2nd 
the Np-237 groundwater dose (mrdyr) results are shown in Figure 5-2. The Am-241 r d t s  
show dBerent peak dose but do not show a Werent time of peak because the results were 
dominated by dispersion in the model, not the advective flow. The peak concentralions and doses 
result when the dispersive fiont reaches the aq&r because the half-lifk of Am-24 1 is short re:lative 
to the retarded advective travel time to the aquifer. The Np-237 results show diEerhg peaks imd 
~e~timeSofthepeaksasexpectedfromthechanging~val~~setheNp-237half l i fe  
is long relative to the retarded travel time through the vadose zone. Table 5-2 presents a surmnary 
of the Am-241 and Np-237 dose results. As can be seen, a change in the & by a b r  of 2 
results in a corresponding change in the dose result by roughly a fixtor of 2 as well. Since Np-237 
is released by the su&i.ce rinse release mechanism, changing the & changes both the mobility and 
the contaminant release rate. It is not known from these results ifa contaminant that was released 
by a different mechanism would be as sensitive to changes in the &. 

Table 5-1. &values used in the mobility mitivity cases. 
Simulation Am-24 1 & ( d g )  Np-237 & ( d g )  

Base Case 450 8 
Case 2 225 16 
Case 3 900 4 
Case 4 225 4 
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Figure 5-1. Effect of changing the mobility (Kd) of Am-241. 
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Table 5-2. Am-241 and Np-237 peak groundwater dose. 

Am-24 1 Np-237 

Simulation Time of Peak Peak Time of Peak Peak Groundwater 
Groundwater Groundwater Groundwater Dose (mredyr) 
Dose (yr) Dose (mrdyr) Dose (yr) 

Base Case 3750 0.156 5755 780 
Case 2 3750 1.96 9050 370 
Case 3 3830 0.01 14 4150 1200 
Case 4 3750 1.94 4150 1200 
The values use upper-bound estimates of the waste inventmy and were run for the RWMC-IRA so the relative doses 
are of interest but the absolute values are unrelated to the Composite Analysis. 

Carbon-14 was also identified as a potential dosedriver in the CA. Studies were initiated 
to better define the site-specific partition coefficient onto SDA soils. Batch test results showed the 
& was within the range from 0.1 to 1.5 mWg (Dicke 1998). Dissolved-phase (single-phase) 
simulations were conducted using this site-specific & range. Figure 5-3 shows the predicted doses 
for the & range and Table 5-3 contains the maximum doses. The lower & of 0.1 d g  results in 
a maximum dose of 26.6 mrem/yr while the bigher & of 1.5 mLJg results in a dose of 9.65 
mredyr. This is a fhctor of 2.75 reduction in the total dose. The sensitivity of the dose to 
changes in the Kd value increases for radionuclides with short half-lives relative to their travel time 
in the vadose zone and aquifer. 

Table 5-3. Rang e of & values used for C-14 and resulting peak. 

Kd Peak Dose (mrdyr )  Time of Peak Dose 

0.1 26.6 2250 
0.5 14.9 2670 
1.5 9.65 4150 

5.2.2 Model Sensitivity to Infiltration Rate 

It has generally been assumed that by reducing the net infiltration, the subsequent 
groundwater dose would be reduced. The effect was simulated by reducing the spatially variable 
Strat ion inside the SDA from the averaged 8.5 d y r  to 1 d y r .  This change O C C U K ~ ~  in the 
year 2002,50 yrs after disposals started at the SDA. The inventory used in these simulations was 
the upper-bound CIDRA estimate. The doses for Am-241, Np-237, and U-238 were simulated. 
The results are shown in Figures 5-4,5-5 and 5-6 below. 

As expected the Am-241 groundwater dose was greatly reduced (F$pre 5-4) from 0.16 
mredyr with an infiltration rate of 8.5 d y r  to 0.06 m r d y r  with an infiltration rate of 1 d y r .  
An unexpected result was that the peak groundwater dose for Np-237 and U-238 actually remained 
the same or increased slightly with the r e d u d  infiltration rate (Figures 5-5 and 5-6). The Np-237 
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Figure 5-5. Effect of changing infiltration rate on Np-237. 
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groundwater dose stayed at 780 m r d y r  with the reduced infiltration rate. The U-238 
groundwater dose increased fiom 343 to 385 m r d y r .  As expected, the times at which the peak 
occurred were later with the reduced infiltration rate. 

Overall, the concentrations and doses are higher at the later times in the reduced infiltration 
simulation because there is less horizontal spreadmg during the transit of the vadose zone and 
because the low permeability region beneath the southern half of the SDA allows for very little 
dilution in the aquifer. The infiltration outside the SDA was 1 d y r  and the infiltration inside the 
SDA averaged 8.5 d y r  for the base case. The additional water applied inside the SDA spreads 
laterally at the interbeds and consequently spreads the contaminant wider before reachmg the 
aquifer. Since there is negligible decay due to the long half-lives of Np-237 and U-238, the same 
amount of mass eventually gets released in the reduced infiltration simulation. Even though this 
release is spread out over a longer period of time in the reduced infiatration simulation, without the 
additional spreading in the vadose zone the lower mass contribution to the aquifer is concentrated 
in a smaller area resulting in higher concentfations immediately beneath the SDA. Figure 5-7 
illustrates this concentrating effect by showing contours of the concentration of U-238 in the 
vadose zone just above the aquifer. The contour levels portrayed for each plot are the same and 
are logarithmic from 1 to 1,000 pCi/L and in increments of 1,000 pCi/L above 1,000 pCi/L. The 
simulation time represented in Figure 5-7 mrrespnds to the time when the peak aquifer 
mncentration occurred for both the base case and redud infiltration simulations. 

From the two vadose zone concentration maps in Figure 5-7, it can be seen that the mass 
flux would be less in the low infiltration case since the amount of water passing into the aquifer is 
less by about a factor of eight and the peak concentrations are only about a factor of one and a 
half greater. The average linear velocity (seepage velocity) within the low permeability region ;is 
on the order of 1 d y r .  This allows the Concentration within the low permeability region to be 
dominated by the concentration of the water influxing from the vadose zone. Ifthere were no law 
permeability zone, the concentrations in the aquifer would always be less under low infiltration 
rates. This latter point is made as a caution in interpreting the results in the section. 

Since the net flux is lower with the reduced infiltration, the peak at downgmhent locations 
should be lower with the reduced infiltration. Table 5-4 presents a comparison of the results at the 
peak and 100 m (328 fk) downwent  both with and without the reduced infiltration. As can be 
seen, reduced infiltration causes the peak dose at both locations to be later in time and the risks at 
100 m 328 ft) downment  are also reduced. The results also show that the estimated amounts of 
water currently infiltrating inside and outside the SDA have important impacts on the predictive 
simulation results. If the average amount of water that infiltrates through the SDA is actually less 
than 8.5 d y r ,  the impact of reducing infiltration rates on reducing fbture risks from Np-237 and 
U-238 would be greater. Lastly, the subsurface transport model that was used in this simulaticw 
was only partially calibrated. The degree to which the model actually represents the SDA has not 
been demonstrated. The results are applicable only in their relation to the base case simulation. 
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Figure 5-7. Simulated U-238 concentmtiom (pCi/L) in the vadose zone immediately above the 
aquifer for the base and redud infiltration cases. 
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Table 5-4. Dose ( m r d y r )  at two receptor locations for base and reduced infiltrsrtion cases. 
Base case (8.5 d y r )  Reduced infiltration (1 d y r )  

Np-237 U-238 Np-237 U-238 
Peak groundwater dose at peak location 776 343 778 385 
Time of peak dose at peak location (yr) 5755 4554 13960 12560 
Peak groundwater dose at 100 m 5 13 185 428 152 

The valw use upper-bound estimates of the waste invenhy and were run for the RWMC-IRA so the relative dloses are 
of interest but the absolute values are unrelated to the Composite Analysis. 

Time of peak dose at 100 m (yr) 6355 4,850 13960 11250 

5.2.3 Model Sensitivity to Contaminant Phase 

The simulations presented for Section 5.2.1 only coflsidered aqueous phase transport of C- 
14. Carbon-14 catl and does partition into the gaseous or vapor phase. This sensitivity simulation 
considered the effect of including vapor-phase transport in addition to aqueous-phase transport. 
The dual-phase flow and transport simulation model from Magnuson and Sondrup (1998) was 
used. The dual phase simulations were done using the CIDW bestestimate inventory data. 
Because of the long simulation times, the duai-phase sitnulatiions were not rerun for the new CA 
inventory. Figure 5-8 shows the predicted doses when vapor-phase transport was included. The 
same C-14 &values as the single-phase simulations in Case 5 were used. Also shown in the 
figure are the corresponding single-phase simulation results fiom Case 5. With the inclusion of 
vapor-phase transport, several results were observed. Transport through diffusion in the vapcr- 
phase can OCCUT more rapidly than in the dissolved phase leading to higher COnCentratioIlS and 
doses occurring in the aquifer sooner than in the single-phase simulations. There is also a loss; of 
C-14 by diffusion to the atmosphere at the upper boundary of the dual-phase simulation. Thk 
results in lower overall maximum C-14 concentrations and risks in the aquifer than the 
corresponding Single-phase C-14 simulations. Figure 5-9 illmtrates the percentage of C-14 mws 
that escapes through the upper surf& atmospheric boundary. Table 5-5 summarizes the data for 
this case. 

5.2.4 Model Sensitivity to Steel Corrosion Rate 

This sensitivity shulation used the best- C-14 bentory &om CIDM (1.291304 
Ci). Table 5-6 shows a comparison of the doses predicted for C-14 with two Werent corrosion 
rates. The corrosion rates are shown as a fractional release rate. The fht  hctional release late 
of 1.OE-05 came from the IRA and used oider less conservative stainless steel corrosion rates and a 
Werent surface area to volume ratio. The higher fractional relase rate of 4.17E-04 was used in 
the PA and is based on the IMPACTS methodology. Figure 5-10 shows the groundwater ingestion 
doses predicted for these two cases. Comparisons to the doses computed with the higher corrosion 
rate show the substantial effect of changing the corrosion rate. Changing the corrosion rate by a 
factor of 40 changes the dose by a fktor of 10. This illustrates that changing the release rate can 
have a non-bear efkd on dose depending on which waste forms are changed. 

5.2.5 Model Sensitivity Analysis Conclusions 

The sensitivity simulations shown in this d o n  illustrate a large degree of responses; in 
the predicted simulation results to changes in mobility, i&ltration, or transport phases. These 
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Figure 5-8. Effect of two-phase transport on C-14. 
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Figure 5-9. Carbon-14 source releases, surface fluxes, and cumulative surface fluxes as a 
percentage of cumulative source releases for a range of partition coefficients in two-phase 
simulations. 
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Table 5-5. Comparison of the single-phase C-14 doses to the dual-phase C-14 doses. 

Bestestimate Inventory & Peak Dose (mrdyr )  Time of Peak Dose 

Dual-phase 

Single-phase 0.1 
0.5 
1.5 
0.1 
0.5 
1.5 

175 
82 
36.3 
23.4 
15.7 
6.89 

2220 
2500 
3190 
2160 
2250 
2340 

Table 5-6. Sensitiviw to steel corrosion rate. 
Fractional release rate Max groundwater 

from steels Max concentration ingestion dose Max all pathways dose 
(pCi/L) ( m r d y r )  ( Inrdyr)  

1 .OOE-05 4.86Ei-03 7.15 287 
4.17E-04 4.43Ei-04 65.2 26 1 

results point to the need for continued monitoring of water and contaminant behavior in order to 
determine whether the predicted simulation results are representative of the field situation. By 
selecting mntaminants that are expected to change in the short term according to the model 
predictions, and then monitoring for those contambuts , confidence in the overall appropriateness 
of the model can be improved. 
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6. RESULTS 

In this section the total calculated dose to a hypothetical future member of the public is compared to 
the DOE primary dose limit of 100 d y r ,  the composite analysis dose constraint of 30 mdyr as 
defined in Section 3.5 of the Composite Analysis Guidance document (DOE, 1996), and the site-spedlc 
groundwater protection per€ormance objectives as defined in the R W C  PA and Addendum (Mahems et 
al., 1994 and Maheras et al., 1997). The prediction of a potential dose to a hypothetical &hue member of 
the public that exceeds the primary dose m the near future may cmsthte a present-day noncompliance. 
The prediction of a potential dose to a hypothetical future member ofthe public that exceeds the primary 
dose at a time fhr in the future identifies a potential fuaue problem that must be mitigated or corrected 
before it occurs. The Options Analysis, &ARA process, and sometimes the best available technology 
(BAT) process are used in the selection of mitigative actions or controls. 

In this section, the total calculated dose for a hypothetical fuaue member of the public and predicted 
fiture groundwater ummtrations are canpared to the fillowing coI1stTalD. ts: 

The DOE primary dose Iimit of 100 d y r .  

The DOE dose constraint of 30 d y r .  Ifthe base case dose exceeds 30 mrem in a year, an 
options analysis must be completed. 

The groundwater ingestion dose limit or MCL of 4 mrem/yr for beta-gamma emitting man-made 
radionuclides. 

The drinking water standard MCL of 15 pCi/L for alpha emitting radionuclides (which includes 
Ra-226 activity and gross alpha particle activity excluding Rn and U). 

The drinking water standard MCL of 5 pCi/L for Ra-226 plus Ra-228 activity. 

The drinkiog water standard MCL of 8 pCi/L for Sr-90 activity. 

The drinking water standard MCL of 20,000 pCi/L for H-3 (tritium) activity. 

The proposed drinking water standard MCL of 20 pg/L for uranium. 

The PA (Maheras et al., 1994 and 1997) estimated doses for the atmospheric, intruder, groundwater 
protection, and all-pathways scenarios. Ofthese, the atmospheric and intruder scenarios are assumed to be 
near field scenarios and not requued to be reevaluated for the Composite Analysis. Therefore, the 
Composite Analysis only calculates doses for the all-pathways and groundwater protection scenarios. 

6.1 All-Pathways and Groundwater Protection 

The predicted all-pathways and groundwater dose to a hypothetical future member of the public are 
compared to the dose co- described above for the following three time periods: 

0 operational and institutional con@ol period - present until the year 2120 at the INEEL boundary. 
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post-institutional control compliance period for approximately 1,000 years fim 2120 until the 
year 3000,100 m (328 fi) from the RWMC boundaxy. 

post-institutional control period - year 2120 until the year of the peak concentraton or a 
maximum of 10,000 years into the fbture, 100 m (328) from the RWMC boundary. 

A comparison of the results with the performance objectives for the all-pathways and growiwater 
protection scenarios are given in Table 6-1. The all-pathways comparisons are required fbr the Composite 
Analysis (DOE, 1996) and the groundwater protection coqarisom are provided as additional info~rmaiion. 

During the operational and institutional control periods, the public receptor is lacated at the INEEL 
Site boundary. As shown in Table 6-1, the all-pathways dose through groundwater for the public i.eceptor 
isestimated to be 0.23 m r d y r ,  less than 0.23% of the 100 mrem/yr standard and 0.77% of the 30 
mrem/yr standard. For the all-pathways dose, 1-129, C-14, C1-36, U-234, U-238, and Np-237 were the 
primary radionuclides of concern. The predicted radionuclide concentrations and associafed peak closes are 
all below the groundwater protection performance objectives. No radionuclides are expwted to provide an 
unacceptable dose in the aquifer during the operational and institutional control periods. 

During the post-institutional control periad, the public receptor is  located 100 m (328) &om the SDA 
boundary. As shown in Table 6-1, the peak all-pathways dose through groundwater is estimated tc, be 58 
m r d y r  between the years 2160 and 3000. By the year 6000, the all-pthways dose is predicted to rise to 
340 mrern/yr. In the year 3000, the primary contributors to the all-pathway dose are C-14 (21%), U-238 
(3 1%), Np-237 (25%), and U-234 (20%). At the time of the peak dose after the year 3000, the primary 
dose contributors are predicted to be Np-237 (63%), U-238 (21%), and U-234 (10%). 

With respect to the groundwater protection objectives, the predicted coflcentfafi 'om and asscNciated 
doses after the institutional control period are summanzed - below: 

0 The predicted dose from man-made beta-gamma are 9.68 &yr prior to the year 3000. 'k 
value is 142% larger than the 4 mrem/yr MCL. The primary contributors to the man-made beta- 
gamma dose are C-14 and 1-129. 

The predicted peak H-3 concentration after year 2120 is 515 pCiL which is 2.5% of the 
20,000 pCi/L MCL. 

0 

0 The predicted peak Sr-90 concentration after year 2120 is 1.7E-03 pCi/L which is 0.02% of the 
8 pCi/L MCL. 

The predicted peak Ra-226 and Ra-228 concentrations are 3.2E-04 pCi/L prior to the year 3000 
and 0.12 pCiL in the year 12,000. These values are 0.006% and 2.4% of the 5 pCiL MCIL. The 
concentration is still rising in the year 12,000 at the end of the simulation period. 

Thepredictedpeakgrossalphacon~~omare5.1 pCi/Lpriortotheyear3OOOand81pCi/L 
at the time of the peak concentration (about year 6000). These values are 34% and 540% of the 
15 pCi/L MCL. The primary contributor to the gross alpha concentmtions is Np-237 which 
contributes more than 97% of the activity. 

The predicted peak uranium concentrations are 261 pg/L prior to the year 3000 and 1,170 pg/L at 
the time of the peak concentration (about the year 5000). These values are 13 times and 511 times 
the 20 pg/L MCL. 

6-2 

* * 
e 
a 
e 
a 
0 

e 



Table 6-1. Comparison of results with performance objectives for all-pathways and groundwater protection. 
Performance objective Regulatory reference Operational and institutional Post-institutional control Post-in&utional control 

100 &yr (DOE Primary dose l i t )  and Ail-pathways' 0.23 mfemlyT 58 mremlyT 340 rmemlyT 

4mrem/yrman.madeb-g~EDE atoundwater protectiond 0.06 nrremlyr 9.7 fmemlyr 9.7 mrem/yr 

Controlperiods' period until the year 3000~ period until the year 12,000 

30 W y r  (CAdose l i t  for Options Analysis) ................................... 4 ....*............I. ......................... .. ..... . ............... . ..... ..... ............ . ........ . .... . .... .... .......... . .................... .. ......... .... ....... .. ............ . ....... . ...... . ............................ . .......................................................... 

20,000 pCin H-3 COnCentZBtiOn atoundwater protectiond 6.5 pCX 515 pCiiL 515 pCX 

8 p C f i  Sr-90 concentration Ciroundwater protection" 4.9E5pCin 1.7E-3 pCVL 1.7e3pCiin 

5 pCi i  Ra-226 and Ra-228 concentration atountiwater w o n *  3JE-8 p C i i  3.2E-4 pCVL 0.12 pCX 

15 p C i i  gross alpha conmMon atoundwater protection* 6.0E-4 pCin 5.1 pCin 81 pCin 

a Duringtheoperationalandinstitutitutionalcontrolperiods,fmn 1984to2120,themxptorisattheINEELSiteboundary. 

b, During the post-institutional control period, tknn 2120 to the time of peak impact, the receptor is 100 m f b m  the SDAboUndary. 
c. Fromthe Composite Analysis Guidance Document, DOE, 1996. 
d. Derived fiom current and proposed MCLS. 
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During the post institutional control period, prior to the year 3000, the all pathways dose is 
less than the DOE primary dose limit of 100 mrendyr but greaterthanthe CA dose limit of 
30 W y r  requiring an options analysis. In addition the predicted man-made beta-gamma dose is 
slightly over the MCL and the uranium conumtrations are signiscantly over the MCL. Uranium is 
the primary radionuclide contributing to groundwater concatmiions that exceed the perfbmwuce 
objectives. 

After the year 3000, the predicted w n ~ o n s  i n m e  for some of the radionuclides 
exceeding the all-pathways and some groundwater protection objectives. The largest all-pathways 
and beta-gamma doses, as well as Ra-226, Ra-228, gross alpha, and uranium concentrations, are 
predictedto occur after the year 3000. In the long term, the primary co- 'on and dose 
contributors are Np-237, and the uraniums. 

6.2 Summary 

The cumulative annual dose to a hypothetical member of the public over the 1,000 yrs 
following closure of the active LLW & c i i  fiom the active fhility itself and all  other INEEL 
radioactive sources that could interact with the LLW facility is 58 mrem/yr. This dose is below the 
DOE primary dose limit of 100 d y r  but above the 30 mrem/yr dose Constraint. Since the 
projected dose exceeds the 30 mrem annual dose constraint an Options Analysis was prepared to 
consider the actions that could be taken to reduce the calculated dose and to consider the costs of 
those actions. 
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7. OPTIONS ANALYSIS 

This chapter describes an Options Analysis conducted to determine the feasibility of ways to reduce 
the projected annual dose to members of the public that might be exposed to radioactive contambnb fiom 
the RWMC. It also presents an As Low As Reasonably Achievable (ALARA) analysis. 

Three options for creating a reduction in annual dose were consided (1) lowering infibtion of 
control over the R W C  and precipitation through the waste by providing a better cover, (2) mamtamq 

portions of the INEEL indetbitely, and (3) extending the period of institutional co~ltrol beyond the 100 yrs 
assumed in the Composite Analysis. 

. . .  

Of the three options investigated, only maintaining control overthe R W C  and a smaU part ofthe 
present INEEL appears to be feasible and cost e@ctive. Improving the cover over the waste to reduce 
infiltration of precipitation is too expensive to be cost effective according to the Cumpite Analysis 
guidehes provided by DOE. In order to be of practical value, exten- the duration of instiaxtional 

control over a poition ofthe control becomes indistinguishable from the option that involves mamtamq 
site indejkitely. 

. . .  

7.1 INTRODUCTION 

The Composite Analysis is an assessment of the cumNve  impacts from the active LLW disposal 
f h h y ,  and fiom all other sources of r a d i d v e  contamination that could interact with possible releases 
fiom the U W  disposal facility in causing a dose to future members of the public. The highest projected 
annual dose over the 1,000 yrs following closure ofthe active fscility to a hypothetical member of the 
public from all INEEL sources that could interact in that manner is reported in Section 6 to be about 58 
mrem/yr. This dose was compared with the dose COLlstraint in the Composite Analysis guidance of 30 
mrem/yr. Since the projected dose exceeds this comtmint, an Options Analysis was prepared to consider 
the actions that could reasonably be taken to reduce the projected dose. 

7.2 OPTIONS ANALYSIS METHODOLOGY 

The Composite Analysis results described in Section 6 were cal- using the TETRAD three- 
dimensional, multi-wmponent, multi-phase fate and transport simulation. Data preparation and use of 
TETRAD involved a very high level of detail. For the Options Analysis, a simpler computer code was 
necessary, given the many sets of computer runs that are needed. The Options Analysis was wnducted 
using the Environmental Protection Agency @PA) PATHRAEEPA o n e d i m m i d  multi-pathway fate 
and transport code (Merrell et al., 1995). PATHRAE assesses the annual dose to specfied human 
receptors r ed ing  from waste disposal in a near-surface faciiity. EPA has used PATHRAE to support 
rulemaking for the mmagement and disposal of LLW. 

The Options Analysis only focused on annual doses from the groundwater pathway (i.e., doses 
from domestic and agricultud uses of groundwater), as did the Composite Analysis, and only from the ten 
radionuclides that contributed the ten highest peak d u e s  to annual doses to the public. This approach is 
considered to be valid for comparing alternatives for dose reduction because the ten nuclides chosen 
contribute well over 99% of the dose, and the measufes for reducing dose investigated in the Options 
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Analysis (see Section 7.4) will probably reduce the doses from the nuclides that were not considered in the 
Options Analysis as well. Table 7-1 lists the radionuclides considered in the Options Analysis. 

To ensure consistency between the detailed Composite Analysis and the Options Analysis, 
estimates of annual doses from the RWMC for the groundwater pathway generated by PATHRAE for the 
base case (no action to reduce projected peak doses below those in the Composite Analysis) were calibrated 
by comparing them to the projected doses h m  the RWMC that are reported in Section 6. PATBRAE- 
computed annual doses at key points in time from groundwater ingestion from a well 100 m (328 ft) 
downgradientfiomtheRwMCandwerecomparedtoTETRADeseimateS of those doses. The C;dibraton 
was conducted for the radionuclides that are the four largest co&ibutms to the projected annual dose 
within 1,000 yrs after the year 2020, when the dose reaches the highest value during the 1,000 yr period of 
interest. The four radionuclides are C-14, Np-237, W-234, and U-238. Good calibration with the 
projections from the Composite Analysis for Np-237, U-234, and U-238 were achieved at 500 yrs and 
1,000 yrs. Input parameters for PATHRAE were adjusted as necessary, within the range of pammeters 
used in the Composite Analysis, to match those two points in the time histories of doses from the important 
radionuclides. 

The situation for C-14 was more complex because  lease of that radionuclide fiom the waste was 
modeled in the Composite Analysis using three different release models. Because only in fodo in  about 
the aggregate dose rate from release of (2-14 fiom all sources was available fkom TETRAD, and 1)ecause 
the history of that dose rate is complex, simple curve fitting such as that used for the other three irnprtaut 
radionuclides was not possible. It was noted, however, that the aggregate dose rate curve is almost flat 
over the period 1,000 to 2,000 yrs, declining only slightly in time. “hedore, the dose rate for C-14 was 
assumed to be constant at the value c a l c u l d  by TETRAD for a well 100 m (328 ft) &om the edge of the 
waste at 1,OOO yrs. overall, results of the calibration showed that the three-dimensional TETRAI) analysis 
could be approximated by PATHRAE over the 1,000 yr period of interest. 

The same radionuclide release infb&on and the ingestion dose conversion factors used in the 
Composite Analysis, presented in Tables 7-2 and 7-3 respedively, were used in the Options Analysis. The 
release rate i n f o d o n  for U-234, U-238, and Np-237 is based on distribution d c i e n t  parameers &). 
The &value indim the ratio of contaminant in water in contact with the waste to co- ’ inthe 
waste. The effects of the infiltsation rate on the amount of time water is assumed to be in contact with 
waste are also accounfed for. The & release model is representative of the transfer process, since U-234, 
U-238, and Np-237 are generally released to the groundwater system as a result of surfkce washoff. 
Conversely, 91 percent of the C-14 is bound in the activated meQl and beryllium block, which is released 
into the groundwater as a result of waste form corrosion. Since this release mechanism is generally 
independent of the kfihmtion rate, fixed release rates for C-14 of 1.2E-05 and 3.0E-04, respectively, were 
used in the Options Analysis. The remaining C-14 is bound in resin, modeled with a I(d release of 0.1 
mwg. 

Representative physical properties, resulting &om PATHRAE calibration, are presented in Table 
7-4. These include properties for the fiidty, vadose zone, and aquifea. Input parameters used in the 
Composite Analysis for aquifer dispersiviw, m e r  thickness, waste thiclcness, distance to the well, 
infiItration rate, and average waste densii were used in the Options Analysis without modification. 
However, the PATHRAE code can not accommodafe the detailed spatial difkznces in vadose zone 
tbickness, vadose zone porosity, vertical water velocity, aquifer velocity, and site dimensions as USXI in the 
Composite M y s i s .  Those ranges &ne fiom the considerable complady of the individual strucbwes m 
the vadose zone and the aquifer that cannot be represent& by the PATHRAE code. For those parameters, 
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Table 7-1. Radionuclides considered in the Options Analysis. 

Radionuclide 
C-14 
C1-36 
Tc-99 
1-129 

AC-227 
Pa-23 1 
U-234 
U-235 

Np-237 

Table 7-2. Radionuclide reIease madel. 
ReIease Parameter 

Kd ReleaseRate 
Nuclide Release Model Release Model ( d g )  

C-14 

U-234 

U-238 

Corrosion Release Rate 
Corrosion Release Rate 

surface washoff Kd 

S& washoff 

surface washoff 

Kd 

Kd 

- 
1 

0.1 

6 

6 

1.2E-05 
3.0E-04 - 

Np-237 Surface Washoff Kd 8 - 

Table 73. Ingestion dose conversion factors used in the Options Analysis. 
Conversion 
Factor 

Nuclide (mrem/pCi) 

C-14 2.10E-06 
U-234 2.60344 

Np-237 3.90E-03 
U-238 2.45E-04 
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Table 7-4. Physical dimensions used in the Options Analysis. 
Ranges of values 
Used Composite Options Analysis 

Value Used in 

Parameter Analysis 
Width of disposal area (m) 50Oti11,OOO 5001 

D=* of aquifer (kg/m3) 1,850 1,850 
Length of disposal area (m) 180 to 500 490 

Longitudinal dispersivity of aquifkr (m) 9 9 
Transverse dqmivity of aquifer (m) 
Thickness ofcover over waste (m) 
Tbiclmess of waste (m) 
Distance to well fkom nearest edge of waste (m) 
Density of waste (kg/m3) 
Amount of water percolating through the waste ( d y r )  
Horizontal velocity of aquifer (m/yr) 
Porosity of quifkr (unitless) 
Porosity of vadose zone (unitless) 
Thickness of vadose zone (m) 

4 
1.5 
2.5 
100 

1,600 
0.085 

0.7 to 1,200 
0.06 
0.34 
45 

4 
1.5 
2.5 
100 

1,600 
0.08!5 
170 
0.1 
0.03 
170 

representative values generally within the ranges were chosen as a result of bendmaking PATHRAE with 
dose projections found in the Composite Analysis. 

The PATHRAE code was also not able to d e l  the wide ranges of vadose zone &values 
presented in Table 7-5. As with the ranges in physical dimension parametem, representative bulk values 
used in the Options Analysis, also included in Table 7-5, were chosen by benchmarking the PATHRAE 
results with those of the Composite Analysis. Nuclidespecific & values were chosen &om within the 
ranges used in the Composite Analysis to represent the vadose zone as if it were a smgle homogeneous 
region. Calibration studies showed this representation to be accurak for the purpose of the Options 
Analysis. Similarly, Composite Analysis ranges in radionuclide solubdity limits for the aquifer and the 
representative bulk values used in the Options Analysis are presented in Table 7-6. 

7.3 POTENTIAL MITIGATING ACTIONS 

Since the projected highesttotal dose over the 1,000 yrs begumkg in 2020 to a hypothetical future 
member of the public from the sources ofinkrest exceeds 30 mrem/yr, the Composite Analysis guidance 
requires that an Options Analysis be conducted to idea* altematives that might be used to reduce &me 
doses. 

Within the R W C ,  the contribution to projected doses from the waste placed in the active LLW 
disposal ikcility since 1984, and from projected placements to 2020, appears to be very small. This can be 
seen by cornparing the inventories of the four major radionuclides C-14, Np-237, U-234, and U-238 
(Sections 3 and 4) in that waste to the total invento~es used in the Compite Analysis. As a comqene 
of this observation, any actions that could be implemented to reduce the projected peak dose from all 
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Table 7-5. Vadose zone distribution coefficients. 
Range of Values Used in the Value Used in the 

Nuclide Composite Analysis (mL/g) options Analysis 

C-14 0.1 to 7.6E-06 1.ooE-01 
U-234 6 to 1.5E-04 1.50E-04 
U-23 8 6 to 1.5E-04 1 SOE-04 

Np-237 8 to 2.0E-04 2.00E-04 

Table 7-6. Aquifer solubility limits. 
Range of values used 

Nuclide Analysis (mold) (mold) 

Value Used in the 
in the Composite options Analysis 

C-14 NOW None 
u-234 5.88E-04 to 1.4E-02 5.88E-04 
U-238 5.98E-04 to 1.4E-02 5.983344 

Np-237 7.49E-08 to l.OE-01 7.49E-08 

sources at the RWMC must be viewed as being implemented for all the sources of contamha& at the 
RWMC. In other words, no actions taken to reduce doses fiom collfarmnants - intheactiveLLWwaste 
disposal fidity will significantly reduce the peak dose projected by the Composite Analysis. 

To identi@ effective mitigating actions for the R W C ,  the specific conditions that are major 
causes of the annual doses calculated in the Composite Analysis were determined. These include: 

Relatively high rates of infiltration of precipitation into the waste (compared to what might be 
achieved), redting in relatively high release of contaminants. 

Proximity of the critical receptor location to the RWMC after the end of institutional mntrol, 
preventing dilution and dispersion of the con taminants released fiom the RWMC before they reach the 
receptor. 

The assumed loss of institutional control after 100 yrs following closure of the LLW disposal facility at 
the RWMC. This allows members of the public to occupy the land relatively close to the source of 
contaminant release soon after the end of disposal operations. 

Two other causes of high projected doses were also considered: (1) the large inventory of 
contaminants at the RWMC and (2) the relative ease with which contarmnants can be removed by water 
infiltrating through the disposed waste. Mitigaiing the effects of these causes would, however, involve 
removing the waste and disposing of it elsewhere, or removing it, treating it, and redisposing of it at the 
RWMC. Those actions were eliminated as potential alternatives because relative to the other options these 
actions would be too costly and involve too much risk to workers. 
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Finallyy a legitimate approach to possibly reducing the peak projected doses in the Composite 
Analysis would be to reduce the uncertainties and conservatisms in that analysis. That approach 
considered impractical at the present time. 

The following sections describe the three potential mitigating actions that were analyzed: (1) 
reducing infiltration, (2) extending the boundary of the area controlled indefhbly? and (3) extending the 
time over which the whole of the INEEL (or at least the portion between the R W C  and the present 
INEEL boundary) is controlled. 

7.3.1 Reduced Infiltration 

The relatively high rate at which precipitation is assumed to infiltrate into the waste in the 
Composite Analysis (8.5 d y r )  allows a considerable amount of water to come into direct contact with the 
disposed waste, compared to what would reach the waste ifabetter cover is used. This intum allows a 
relatively high leach rate of radioactive contamhmts fiom the waste and into the groundwater sy'stem. 
Once in the groundwater system, the contamhuts can migrate to grsundwater wells, where they become 
available for inigatioq waking of farm animals? and direct human uptake. 

An improved cover design will reduce infiltration of precipitation through the waste. Siuice results 
indicating the eflktiveness of this option are generally available h m  other studies at the INEEL, it was 
not necessary to develop a new site-specific cover design for the RWMC. 

At least three techniques (a high degree of engineered barriers, enhanced vegetation, and extended 
cover thickness) can generally be ef€ktive in reducing the idtration rate. Keck and Bhatt (199Q show a 
relatively low cost cover design incorporating an added 2.3 m (7.5 fi) of native soil over the existing cover 
cover and vegetating with c r d  wheatgrass can reduce the infiltration rate to 1 d y r  (more thzrn a factor 
of eight lower than what is assumed in the Composite Analysis). 

Table 7-7 shows the effect of the lower infiltration rate on the annual doses from the four 
radionuclides that contribute most of the dose within 1,000 yrs to the member of the public using water 
from a well 100 m (328 ft) downgradient from the RWMC boundary. The table shows the doses, with the 
infiltration rate used in the Composite Analysis, the PATHRAE-predicted reductions in dose rates achieved 
using the lower infiltration ratey and the projected dose rates at the time of the peak dose rate (between yr 
2020 and 3020). Note that it was CoflSeTvatively assumed that no reduction was achieved in doses from 
radionuclides other than the four most signiscant ones. It was also assumed that no reduction in the dose 
from C-14 was achieved because, with the Composite Analysis parameter set, most of the dose firom C-14 
at 1,OoOyrscomesfr~the91%oftheC-14inventOrythatiscon~edintheacti~metalsund 
beryllium block. C-14 is released primarily by corrosion of the waste form, which is not aflFected by the 
rate of water infiltration. 

The idormation in Table 7-7 demonstmks use of a cover that reduces the infiltration rate from the 
8.5 d y r  assumed in the Composite Analysis to 1 d y r  lowers the projected peak groundwater dose from 
58 d y r  to 20 mrem/yr, or less. At 20 &yr, the dose is 66% below that estimated in the lcomposite 
Analysis. 
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Table 7-7. Effect of reduced infiltration through use of a better cover. 
BaselineDoseRateat Reduced Dose Rate at 
the Time of Maximum 
Dose Rate (year 3020) Reduction Maximum Dose Rate 

the Time of 

Radionuclide (mrem/yr) Factor* (mrem/yr) 
C-14 12 1 .oo 12.0 

U-234 11 0.12 1.3 
U-23 8 18 0.11 2.0 

Np-237 14 0.12 1.7 
Other Mobile Nuclides 3 1.00 3.0 

Total 58 20.0 
* Reduction Factor = (Peak annual dose with better cover)/(Peak annual dose from the CA) 

7.3.2 Maintaining Institutional Control 

Another sipficant contributor to the dose determined in the composite analysis is the proximi@ of 
the projected well to the facility once instiamonal control ends. Extending the distance between the 
R W C  and the well used by the public provides more time for nuclide decay and dispersion in the 
groundwater. This would, however, require that the period of institutional control be extended more or less 
indefhitely, at least for the R W C  and a portion of the INEEL downgradient fiom it. 

In the Composite Analysis it is assumed that a representative point near the R W C  where a 
member of the public can place a well after the end of institutional control is 100 m (328 ft) fiom the edge 
of the RWMC. The maximum annual dose was calculated for several distances betwem the well and the 
R W C ,  up to 1,OOO m (3,280 a). The annual dose from the four radionuclides that the Composite 
Analysis indicates contribute almost all of the dose fiom the groundwater pathway 1,000 yrs after closure 
is reduced by moving the well away from the source of the contamimnts. However, there is no benefit in 
extending the boundary of the controlled area beyond 500 m (1,640 a). Table 7-8 shows the reductions in 
projected annual doses fiom the four key radionucIides achieved as a function of the distance maintained 
between the R W C  boundary and the boundary of the controlled area. Significant reductions in projected 
peak annual doses for the 1,000 p period of interest are achieved by maintaining institutional control over 
the area downgradient of the RWMC. 

The analyses that were use to develop the results found in Table 7-8 focused on the four 
radionuclides that the Composite Analysis showed contributed to the peak dose at the 100 m (328 ft) well 
over the next 1,000 yrs. Two ef&cts on projected doses h m  those radionuclides of moving the well 
m e r  fiomthe source of COntaMinatin are seen: (1) the Cancentrations in the groundwater withdrawn 
through the well are reduced due to dispersion in the a q u a  and, (2) because the concmtrations of three of 
those four radionuclides (Np-237, U-234, and U-238) at the 100 m (328 ft) well are, at 1,000 yrs after 
closure, sti l l  rising toward peak values, moving the well W e r  from the source will have an additional 
effect of reducing their concentrations in the groundwater. The latter e- will not, however, necessarily 
reduce peak doses at the alternative well locations fhnn the mobile radionuclides other than C-14 @e., 
those radionuclides that were shown in the Composite Analysis to cause doses that rise rapidly, reach a 
peak d u e ,  and decline to very small values within 1,000 yrs). While contributions from the other mobile 
nuclides are lower than the total annual dose from the four most important radionuclides at the 100 m (328 
ft) well at 1,000 yrs, they may become the dominant cause ofdose as the distance tothewell is increased. 
In the calculations used to develop Table 7-8, the anuual doses from the other mobile radionuclides were 
assumed to be the same at 1,000 yrs, regardless of how f8s fiom the source the well is located. 
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41 

9.7 

48 

5.3 

53 

3.3 3 .O 

55 55 

Table 7-8. Effect of maiutaining institutional control over part ofthe N E L .  
Distance Between R W C  and the Well (m) 

100 200 300 400 500 1,000 

AnnualDoseat 
1,000 years 
(mrem/yr) 
Reduction in 
Annual Dose at 
1,000 years 
(mrem/yr) 

7.3.3 Extend the Time of Institutional Control 

Extending the duration of the institutional Control period will keep the critical member ofthe public 
from getting close to the RWMC until later, thereby allowing radioactive decay to reduce the dose. In the 
CompoSiteAnalysiSthe~eofcompliancewiththedoselimitsgivenintheDoEguidancewas~akentobe 
1,000 yrs. The Composite Analysis also shows that if institutional control is mahtained indefinitely (i.e., 
the public is excluded from the existing boundaries of the INEEL), the highest projected annual diose to the 
critical member of the public in the next 1,000 yrs is much less than 30 d y r ,  without having to take 
any further actions to reduce doses. 

If institutional control were maintained over the INEEL, or over the portion of INEEL between the 
RWMC and the current Site boundary to the south and southwest, to the effect that members of tlie public 
would be excluded fiom occupying that area fbr 999 yrs, the highest dose to a hypothetical member of the 
public over the next 1,000 yrs would not be redud. This follows from the fact that the projected dose to 
the critical member of the public is still increasing in the year 3000 and will continue to increase for many 
years afterwards. 

7.4 POPULATION DOSE 

In order to perform an ALARA analysis an estimate must be made of the population dose in the 
absence and presence of the alternative actions considered. The 5rst step is to estimate a population dose 
in the absence of any activities not assumed in the Composite Analysis. 

Consistent with the ALARA analysis described in Maheras et al., 1997, the peak individual annual 
dose of 58 &yr calculated in the Composite Analysis was assumed to be received by 10 people who 
use water from the 100 m (328 ft) well over a period of 100 yrs. Note that annual doses of the msignitude 
indicated wiIl not be received until the last few years of the 1,000-yr period of interest in the Composite 
Analysis. The population dose for the case where no activities are implemented to reduce doses from those 
edmated in the Composite Anaysis is therefore approximately 58 person-rem. Projected annual doses to 
indiviMs when actions are taken to reduce the peak individual dose translate into population doses in the 
same manner. A peak annual individual dose of 20 d y r  indicates a population dose of about :20 
person-rem, and so forth. 
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7.5 COST ESTIMATES 

To conduct an ALARA analysis, estimates of costs to conduct activities that reduce doses are also 
needed. This section provides cost estimates for implementing the actions described in Sections 7.3.1 and 
7.3.2. The action described in Section 7.4.3 (ma;nta;ling confro1 part of the site between the RWMC to the 
present site boundary for a certain period of time) is considered to be of no value in reducing doses to the 
exposed public unless it is carried out more or less indefinitely. If control is carried out for very long 
periods of time, the action becomes similar to the action described in Section 7.3.2. 

7.5.1 Cost of Reduced Infiltration 

An estimate of the addi t id  cost of constructing the thicker cover was derived &om (Keck and 
Bharr 1996). Appendix G of that document i n d i m  that such a cover over the 1.6 hectare (4 acre) active 
LLW disposal facility is estimated& cost $4.1 million. The Subsurface Disposal Area (SDA) at the 
RWMC encompasses 39 hectares (97 acres). Reducing the per acre cost by half allows for &ciency in 
covering a larger area. All of the 39 hectares (97 acres) may not have to be covered. The cost estimate for 
&tallkg an improved low infiltration cover for the RWMC is about $50 million. 

7.5.2 Cost of Maintaining Institutional Control 

An estimate of the cost of maintaining institutional control over part of the Site indeihitely to keep 
members of the public ikther away from the RWMC involves two main elements: (1) the cost (value) of 
the land that otherwise could have been sold to the public, and (2) the cost of active maintenance, such as 
fencing and occasional patrolling, that might be conducted for some time at the controlled area. 

To estimate the cost of active maintenance, the additid cost of fencing the perimeter of the larger 
areathatmustbekeptundercontrol, replaciithe extra fence every 10 yrs, and checkingthe fence every 
week for the first 100 yrs after closure was estimated. Af€er the first 100 yrs, the cost of maintaining, 
r e p h i i  and patrolling the entire fence encircling the R W C  and the additional cuntrolled area was 
estimated. The present value (in 1998 dollars) of a care fund dEcient to pay for these activities fix an 
indejinite time into the future (in other words, perpetually) was estimated based on a real rate of return to 
the fund of 3.5% per yi. Note that the 3.5% real rate of return is conservatively lower than the 5% rate 
assumed in Keck and Bhatt (1996). 

The present value ofthat care fund reaches a steady state value as the assumed duration of care 
approaches about 300 yrs after closure. In other words, for durations longer than 300 yrs the fund is 
dcientto pay all costs fromthe eamings ofthe fhd, d care can be h d e d  inperpetuitY, It is that 
steady state present value of the care fund that is used in this analysis. 

To calculate an area that must remain under control and the length of the fencin& it was assumed 
that a swath 1,500 m (4,921 rt) wide downgradient from the RWMC must be retained for as fiu 
downgradient as the closest tolerable public well. The area of the R W C  [39 hectares (97 acres)] will 
also be retained. Table 7-9 shows the areas that must be retained to keep the public well farther from the 
source of co- 'on than the 100 m (328 ft) used in the Composite Analysis, as a hc t ion  of the 
distance to the nearest allowable well. The cost of that action was calculated using an estimated 1998 cost 
of land at the INEEL of $200 per acre. Thetable also shows the estimatedtotal cost, fix both land 
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Table 7-9. Areas to be retained and the present d u e  of associated costs. 
Distancetoa 

Public Well from Estimated Reduction 
RWMC Areatobe Present Value of Inmental in Population 

Boundary Retailled Costs (thousands of 1998 Dose from Base Case 
(m) (Acres) dollars)* (person..rem) 
200 171 202 41 
300 208 234 48 

* Present value costs forthe asso&& care costs are basedona 3.5 percen trealrateofremn. 

retention and care of the controlled area, and the reduction in population dose that is calculated fiom the 
reductions in individual doses shown in Table 7-8. 

The distances to the public well in Table 7-9 do not exceed 300 m (984 tt) because, as explained in 
Section 7.3.2, the analysis of effects of extmding iastitutioaal control are only valid out to that distance. 
Beyond 300 m (984 e), doses from the mobile nuclides will probably dominate and the analysis did not 
investigate the doses from those nuclides. 

7.6 ALARA ANALYSIS 

The DOE Composite Analysis guidance indicates that an action to reduce potential population dose 
can be considered cost eflktive ifbetween $1,000 and $10,000 will reduce the dose by one person-rem. 
The cost estimSrte provided in Section 7.5.1 indicates that a population dose reduction of at least i5,OOO 
person-rem would be needed to justify the $50 million cost of placing the improved cover over the RWMC 
that reduces the h@tration rate. Since the estimsrted population dose is only 58 person-rem ifno further 
action is taken, it is concluded that adding a better cover to the entire RWMC is not cost eff've in 
reducing the population dose. 

The estimated costs and reductions in population doses given in Table 7-8 and Table 7-9 indicate 
that it should be cost effective to retain a portion of the INEEL under DOE or other agency control 
in-tely to keep the public away from the RWMC. The cost of the actions needed to reduce tlhe peak 
dose rates are less than halfthat allowed using a figure of $10,000 per person-rem. 

e * * 
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* 
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