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ABSTRACT - The Savannah River Plant (SRP) has routinely and con-

tinuously monitored the local environinent (land, water, air, 

flora, and fauna) since 1951. As part of this intensive program, 

a three-part study was made to assess the tritium migration from 

an onsite burial ground.for solid nuclear wastes and the result..: 

ing dose-to-man. A major source of tritium is buried, massive, 

Li-Al residues (referred to as melts) from the thermal extraction 

step in the SRP tritium production process. A melt with it3 

extraction crucible and lid were immersed in water to measure the 

amounts of tritium released as HTO and HT to the water and to air. 

The result was a rapid release of 23 curies, of which approxi-

mately 99% was HTO that remained in the immersion water, and 1% 

was HT that passed into the air. 

* The information contained in this article was developed during 
the course of work under Contract No. AT(07-2)-l with the U. S. 
Energy Research and Development Administration. 
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Three crucibles and lids were buried in a soil-filled,open

top lysimeter. Results showed that 177 curies were released as 

HTO to the percolate water during the first 93 we.eks of the 

test. Approximately one curie of tritium was released as HT to 

the air. 

The combined i·esul ts of the immersion and lysimeter parts 

of the study indicate that from 20 to 70 curies of mobile tritium 

(easily released on contact with water) may be associated with 

each crucible. The dose-to-man exposure from the release of 

tritium from the burial ground to the air is insignificant. 

Tritium concentrations were measured monthly. for a year in 

41 groundwater monitoring wells at the burial ground and in 6 

adjacent wells for a shorter time. Average concentrations were 

used to estimate that some SO kilocuries of tritium are in the 

groundwater underlying the 77-acre burial site. '1'he travel time 

of tritium in the groundwater from the burial ground to a tributary 

stream 3000 feet away is about 60 years. Radioactive decay and 

dilution in the Savannah River will limit the dose-to-m~m t.o the 

down-river population to approximately 0.02 man-rem yearly. 

INTRODUCTION 

The Savannah River Plant (SRP) has routinely and continuously 

monitored the local environment (land, water, air, flora, and 

fauna) since 1951. As part of this program, a three-part study 
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was made to assess the tritium migration rates and chemical forms 
,_. 

of tritium migrating from an onsite burial ground for solid 

nuclear wastes and to determine the resulting population dose 

commitment (dose-to-man). 

More than half of the total curies of all radionuclides 

buried in the burial ground is tritium. A large part of this 

tritium is associated with massive Li-Al residues (referred to 

as melts) from the thermal extraction step in the SRP tritium 

production process. Large numbers of these melts have been 

buried since 1955, each in its open-top, stainless steel 

extraction crucible and without secondary containment. A crucible 

lid, used during extraction, is buried with the melt but removed 

from the crucible. 

Radioactive waste at the SRP burial ground is buried from 5 

to 20 feet below the surface and well above the groundwater table. 

Tritium has been measured in the soil water and groundwater in the 

vicinity of buried melts. Water in contact with the melts, either 

as rainwater percolating down through the soil or as water vapor, 

is believed to be the principal agent in releasing tritium from 

the melts. 

\. 

\ 
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DISCUSSION 

Melt Immersion Test 

Part One of the study consisted of inunersing a melt, cru

cible, and lid in water prior to burial to measure the amounts 

of tritium released to the water and to the air. The apparatus 

used (Figure 1) consisted of an aluminum drum in which the dry 

melt was sealed. Clean groundwater was added through a fill line 

into the drum to inunerse the crucible completely. The closed 

drum was vented to the atmosphere through two molecular sieve 

traps in series. The first trap, containing untreated Linde 4A 

molecular sieve (Union Carbide Corp., New York, NY), retained 

tritium oxide (HTO). The second, containing paladium-coated 

Linde 4A sieve, retained elemental (HT) tritium that passed 

through the first trap. 1 

The inunersion water was thoroughly mixed by recirculation, 

and its tritium concentration was measured daily for three weeks. 

The tritium concentration was relatively constant after the 

second day. The a.muunt!:i uf trit.i.wu i·etained as HTO and HT by 

the sieve traps were also det.ermined after three weeks. The amount 

of tritium released as HTO to the water was 22.2 Ci. Only 0.6 Ci 

was released to the air (0.5 Ci as HTO, and 0.1 CI as HT). The 

total quantity of tritium released by inunersion was 22.8 Ci. 
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Lysimeter Test 

Part Two of the study was the burial of three melts, cruci-

bles, and lids in a soil-filled test lysimeter. The purpose was 

to measure the amounts of tritium released to water and air under· 

actual burial conditions. The lysimeter (a steel tank 10 feet in 

diameter and 10 feet deep) was buried with its open top 6 in. 

above the ground surface (Figure 2). The three melts were buried 

5 ft below the soil surface and 2 feet above the bottom of the· 

lysimeter in SRP burial ground soil. Rain falling on the exposed 

surface of the lysimeter soil infiltrated, leached the melts, and 

accumulated as percolate water in a gravel layer on the sloping 

bottom of the lysimeter. A sump pump was used to collect the per-
1 

colate water weekly to measure water volume and tritiu~ concen-

tratiun. 

The tritium concentration was also measured weekly in the air 

above the lysimeter. A plastic cover was placed over the open top 

of the lysimeter and attached to the above-ground rim for a 24-

hour period each week. Air was swept from under the cover at 1 

liter per minute (inleakage was allowed around the sides to main-

tain atmospheric pressure) and passed through two molecular sieve 

traps to collect HTO and HT forms of tritium. The molecular sieve 

traps were ·similar to those used in the melt immersion test (Part 

One). 

A control lysimeter installed near the test lysimeter provided 

background samples of percolate water and air. It was similar 
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in design to the test lysimeter, but contained no buried waste. 

Percolate water and air samples from the control lysimeter were 

analyzed weekly for background concentrations of tritium and com-

pared with test lysimeter data (Figures 3 and 4 and Table 1). 

Much less tritium was released to the air than to the per-

colate water from the test lysimeter. The tritium in the air was 

largely HT; the small amount of HTO in the air is attributed to 

soil water vapor reaching the surface. 

Tritium from the test lysimeter was most abundant in the air 

immediately after burial of the melts. After 15 weeks, the tritium 

release rate showed a marked decline; and after 50 weeks, only 

trace amounts were detected. The total tritium released to the 

air in 93 weeks after burial 6f the melts was 1.3 Ci. 

In contrast to the small amount released to the air, a sur-

prisingly large amount of tritium (all as HTO) was in the percolate 

water in the test lysimeter. No percolate water could be collected 

from the test lysimeter until 12 weeks after burial of the mP.lts; 

due to capillary retention of water in the unsaturated soil over-

lying the gravel-filled sump. However, since that time percolate 

water has been collected approximately in proportion tJ the rain-

fall minus evaporation. As Figure 4 shows, tritium released in the 

percolate water has declined only slightly. The total amount of 

tritium released in percolate water in 93 weeks has been 177,4 Ci. 
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Well Monitoring 

Part Three of the study consisted of measuring tritium con

centrations monthly for a year in 41 groundwater monitoring wells 

in the SRP burial ground and for a shorter period at six wells 

adjacent to the burial ground. Forty-one of the monitoring wells 

are part of a system of wells located on a 200 x 200 foot grid 

inside the 77-acre burial ground. The remaining 6 wells are lo-

· cated in a 17-acre area adjacent to the burial ground, under which 

tritium is also present in the groundwater. 

Data from the 47 wells, many of which contained no measur~ 

able tritium, were used to compute the average concentration of 

tritium in groundwater under the burial ground to be 22 µCi per 

liter for a total inventory of SO kilocuries. This quantity was 

within reasonable agreement with that calculated from the inte

grated burial rate of melts and data from the immersion and ly

simeter studies. These data were then used in estimating the 

annual dose-to-man from burial-ground tritium in groundwater that 

will eventually reach the Savannah River, 

TRITIUM TRANSPORT IN SRP GROUNDWATER 

The average depth from the surface .to the groundwater table 

at the burial ground is 40 feet. 2 Measurements of lateral ground

water movement in the vicinity of the burial ground incHc::ite flow 

rates of from 20 to 60 feet per year. 2 Most of the groundwater 

uuut:n· Lh~ burial ground moves in a southwesterly direction.· How

ever, a small component that flows from an area containing large 
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numbers of buried melts moves in a southeasterly direction. The 

distance between the most advanced fringes of tritiated ground

water (either moving toward the SE or SW) and the nearest surface 

outcrop point is at least 3000 feet. 

In computing the estimated annual dose-to-man from burial 

ground tritium, certain assumptions were made. When uncertainty 

existed, the assumption was always made in the direction of a 

higher dose. The following assumptions were used: 

• The average tritium concentration determined for the 47 

monitoring wells applies to the groundwater under the 

entire 94 acres to a depth of 40 feet below the water 

table. 

• The groundwater formation contains 40% pore space occupied 

by groundwater that has a tritium concentration of 22 µCi 

per liter. 

· • The tritiated groundwater moves at the rate of 50 feet per 

year as two equal and uniform masses, one to the SE and 

one to. the SW, with no dilution enroute. Each mass out

crops after about 60 years (5 half-lives) in a surface 

stream 3,000 feet away. 

• The surface stream will transport the tritium directly, 

and without holdup in the adjacent swamp, to the Savannah 

River that has an average flow rate of 7000 ft 3 per 

second. 
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DOSE-TO-MAN 

Population dose was estimated on the basis of drinking 

water consumed at the rate of 1.2 liter/person/day. 3 Measure

ments of tritium concentrations in the Savannah River water at 

SRP and at two downstream water treatment plants provided dilu

tion factors. 4 These established that a population of 20,000 

will consume treated river water from the Port Wentworth plant 

having a tritium concentration 88% of that measured in the river 

at SRP, and that· a population of 50,000 will consume treated 

river water from the Beaufort-Jasper county plant having a 

tritium concentration 53% of that measured in the river at SRP. 

The total dose-to-man from SRP burial ground tritium was 

calculated to be 0.02 man-rem per year to a population of 70,000 

persons consuming Savannah River water downstream from SRP. 
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FIGURE 3. Tritium (HT) in Test Lysimeter Air 

0/ 
;-L-o_w_Ri_a_1-.n-fa-ll 

/ 
o__.o 

( 
O'--~~cl~----''--~~~-.,.--'-~~~~~-'-~~~~----''--~~~~-' 

0 20 40 60 80 100 
Weeks after Melts Buried 

FIGURE 4. Tritium (HTO) in Test Lysimcter Percolate Water 



TABLE 1 

Tritium Released in 93 Weeks at Lysimeter 

Concentration, mCi 
Test Lysimeter Control Lysimeter 
HTO HT HTO HT 

Percolate Water 177 ,400 0 45 

Air 104 1180 2 

Total 177,504 1180 47 2 
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