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GROUNDWATER MONITORING IN THE SAVANNAH RIVER PLh~T 
LOW LEVEL WASTE BURIAL GROUND: 

A SUMMARY AND INTERPRETATION OF THE ANALYTICAL DATA 

This document describes chemical mechanisms that may affect 
trace-level radionuclide migration through acidic sandy clay soils 
in a humid environment, and summarizes the extensive chemical and 
radiochemical analyses of the groundwater directly below the SRP 
Low-Level Waste (LLW) Burial Ground (643-G). ~nomalies were 
identified in the chemistry of individual wells which appear to 
be related to small amounts of fission product activity that have 
reached the water table. The chemical properties which were 
statistically related to trace level transport of Cs-l37 and Sr-90 
were iron, potassium, sodium and calcium. Concentrations on the 
order of 100 ppm appear sufficient to affect nuclide migration. 

Several complexation mechanisms for plutonium migration were 
investigated, but most of these were shown to be incapable of 
mobilizing more than trace quantities of plutonium. The parameters 
of greatest importance were oxidation - reduction potential, pH, 
dissolved organic carbon, phosphate and carbonate. Of these, 
organic and phosphate complexation had the greatest potential for 
mobilizing plutonium in the SRP groundwater. In the absence of 
such complexants, plutonium would be essentially immobile in the 
soil/water system of the SRP burial ground. 
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A thorough radiochemical analysis was also performed on all 
wells that hac a history of alpha and/or non-volatile beta-gamma 
contamination, as determined by routine monitoring. Additional 
~Jell:; were select.ad for radioanalysis on cht; ba3i:3 of a survey that: 
included in-situ gamma scans of the monitoring wells. l Of the 
twenty wells that were tested, only two contained alpha or fission 
product activity above EPA standards for public water supplies. 
Across the burial ground, gross levels of activity in the 
groundwater have actually decreased through dilution and dispersion 
over the past five years. 

In addition to decreases in gross activity, there is evidence 
that the rate of radionuclide migration has decreased over the past 
few years, especially in the older, eastern section of the SRP 
burial ground. This observation is attributed to reduced 
concentration, in the groundwater, of materials from the buried 
waste that could mobilize radionuclides. Transport velocities will 
gradually decrease as the trench leachate becomes more dilute. 
Plutonium-239, which is presently detectable only at trace levels, 
should follow this general trend, becoming fixed in the soil of the 
waste trenches. 

INTRODUCTION 

The LLW Burial Ground 

The solid waste disposal area that will be discussed in this 
report is the 643-G Low Level Waste (LLW) Burial Ground. Located 
between the two Separations areas at the Savannah River Plant, this 
area received solid wastes from Plant and Laboratory facilities 
from 1954 through 1971. 2 Liquid wastes were not buried there, 
but some contaminated organic solvents were stored in tanks at the 
site, and large volumes of that solvent were burned in open pans in 
shallow pits during the first fifteen years of operation. 3 

Major sources of activity include both fission and activation 
products on discarded process equipment and reactor hardware. 
Plutonium-contaminated waste from various locations was also 
received routinely. 

Waste materials were placed in categories for disposal with 
"low-level" (low beta-gamma or suspect alpha) waste going in some 
trenches, "high activity" (high gamma activity solids) waste in 
others. Plutonium or "alpha" waste was disposed of in separate 
trenches. After 1965 most of this category was buried retrievably 
in concrete containers and since 1974 all Pu waste >10 nCi/g has 
been stored on pads on the surface. 2 
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Additional details of burial ground operations ~t SRP can be 
found in the Final Environmental Impact Statement. 4 

Groundwater Monitoring 

The groundwater below the (643-G) Low Level Waste Burial 
Ground has been monitored for radionuclide contamination since 
1956. Although that site stopped receiving waste in 1971, SRP 
continues to monitor the groundwater there for radionuclide 
transport. 4 There are now 63 accessable groundwater monitoring 
wells within the burial ground perimeter. These are laid out on a 
200-foot grid with 20-foot well screens centered at the water 
table, approximately 40 feet below grade (Figures 1, 2). Since 
installation in 1973, only 12 of these wells have contained more 
than background levels of non-volatile beta-gamma or alpha emitters 
(F igure 3).5-8 

A thorough analysis of the groundwater monitoring wells was 
performed, from July, 1980 through July, 1982, to establish 
"baseline" chemical conditions, and to identify some of the 
mechanisms by which traces of radionuclides are mobilized in the 
subterranean environment. with that data, reported here, it will 
be possible to measure changes in water quality caused by the 
presence of waste material in the burial trenches. Radionuclide 
migration velocities will also be more predictable now that most of 
the water quality parameters which affect migration have been 
measured. F·inally, the combination of better transport information 
and actual long-term radiochemical information will be useful for 
calibrating the existing radionuclide transport models. 

DISCUSSION 

Solubility, Ion Exchange and Complex Formation as Factors 
Affecting Migration 

Radionuclide migration and the spread of conventional chemical 
pollutants are closely linked in a low-level waste burial ground. 
Many common chemicals, including simple salts and possibly even the 
degradation products of standard packaging materials, can affect 
the mobility of radionuclides. 9- 15 These effects can be either 
positive or negative, and their overall impact on the efficiency of 
radionuclide containment at a low-level waste burial site is 
determined by the average of the effects in each isolated system 
(trench location) within the site. vertical transport through the 
unsaturated zone to the groundwater is specifically defined for 
each trench by its contents. Lateral transport in the groundwater 
is then determined by the soil and water chemistry of the total 
system. 



Figure 1 - Monitoring Wells in 643-G 
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The solubility of a radionuclide is determined by t~e 
chemistry of the solution in which it is dissolved. The ~rl.ence 
of certain countarions may tend to limit O~ anhanc~ thae 
solubility, depending on the nature of thei: int~rac:ic~. :or 
example, 5r-90 is virtually insoluble in alkaline carbcnate. 16 
On the other hand, although most plutonium compounds are no~~ally 
extremely insoluble in solutions of low ionic strength, One of the 
most important factors in ultra trace level plutonium rnigra~ion mao; 
be its tendency to form soll.lble carbonate complexes. 18 Chemical . 
factors that can also affect the solubility of a radionuclije 
include the oxidation potential, pH, and ionic strength. 

Although they are certainly related, the solubility of a 
radionuclide in the groundwater should not be equated with its 
mobility in the groundwater system. Many ions that are quite 
soluble move very little in the natural system because of their 
interaction with soil (e.g., cesium).13,'17,19 The most important 
of these interactions is ion exchange adsorption by the soil. 

The efficiency of radionuclide adsorption and retention by 
soil depends on the soil cation exchange capacity, its structure, 
and on the water chemistry. For example, the same stable complexes. 
that improve solubility also tend not to be adsorbed by ion 
exchange sites on soils. 9- l1 Competitive ion exchange can also 
occur, where high concentrations of other salts "swamp out" 
radionuclides in the competition for ion exchange sites on the 
soil, thereby causing them to stay in solution and move with the 
groundwater flow. The type of ions in solution is also important, 
because some are more efficiently retained by soil, and therefore, 
compete more effectively for exchange sites. 

Aro\.lnd a typical low-level waste burial ground, both the 
solubility and the ion exchange behavior of radionuclides are 
influenced by complexation. Anionic and soluble neutral complel(es 
are sorbed very poorly by most soils. ll This includes the strong 
chelation complexes formed by some organic materials (e. g., EDTA) 
as well as the more loosely associated complexes that are formed 
with some common anions (e.g. Cl- and HP0 4-) and many common 

organic species (e. g. organic esters, acids, ketones and 
aldehydes). Generally, the stronger the complex, the greater the 
mobility that will be imparted to the migrating radionl.lclide. Very 
weak complexes, and those which include multiple monovalent anions, 
usually a=fect ion mobility only at high ligand concentrations. 
This tends to limit the effects of such weak complexes to a region 
within or very near the trenches, making them relatively 
unimporta::;. 
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Anionic radionuclides (e.g. I-129. Tc-99) ~re inheren~ly 
mobile and are not greatly affected by cation ~xc:1ange or ligand 
complexation. However, the oxidation-redu~tion poten~ial of th~ 
system can have an important impac': on ~'1e'r :t!i]raticl1 '"":)'~~~:'. 
For instance. the oxidized form of Tc-99 is mobile. but the ceduced 
form is not. 20 Owing to the reactivity of 12' just the o?posi~e 
may be true for 1-129. Often. the dissolved oxygen content of the 
water (DO) is the preferred indicator of the oxidation pot=ntial of 
natural water systems. because measured oxidation-reduction 
potentials tend to be erratic in dilute solutions. 21 However. 
direct measurement with a platinum electrode may still be the best 
indicator of an unusually oxidizing or reducing condition. 

Possibly the most important parameter for predicting if 
mobilizing mechanisms will be operative is the pH of the solution. 
Most of the mechanisms. including complex formation. 
oxidation-reduction. and hydrolysis. are pH-dependent. Low pH 
(acidic) systems favor radionuclide mobility by improving the 
solubility of metals. by competing for ion exchange sites on the 
soil, and by dissolving potential adsorption sites. More alkaline 
conditions, in the absence of complexing anions. generally tend to 
immobilize radionuclides. Clay soils become less permeable. 
especially in the presence of sodium. In addition. the formation 
of metal hydroxides and carbonates provides more potential 
adsorption sites for cationic radionuclides, and the solubilities 
of many radionuclides are substantially reduced by hydrolysis. 
However, anionic carbonate and hydroxycarbonate species and other 
complexes may be formed under alkaline conditions, thus mobilizing 
radionuclides such as plutonium and Co-60. 

Summarizing. the water quality parameters that have the 
greatest impact upon radionuclide migration include pH. the 
concentration of iron and other competitive cations. total organic 
carbon. OXidation-reduction potential. dissolved oxygen, 
conductivity. and complexing anions. The mechanisms most likaly to 
enhance radionuclide mobility are non-exchangeable complex 
formation, and competitive cation eXChange. 

This information will b@ pres@nted for each of the groundwater 
(GW) monitoring w@lls in th@ chemistry section of this report. The 
theoretical impact of the normal and @xtr@m@ valu@s for each 
parameter will then be discussed and compared to the radiochemical 
summary of the GW wells. The following section provides a brief 
account of pertinent burial ground operations history - relating 
events that are responsible for appearance of radiochemical 
contamination at the water table in two locations. 
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OPERATIONS HISTORY 

·'~orrnal" Wells Containin~ Inci~en~al Ccn~a=~~a~icn 

In addition to lon~-term radionuclide transport from the waste 
disposal trenches, incidental contamination from burial ground 
operations is also detectable in some of the groundwater monitoring 
wells. This is why a few of the monitoring wells in the burial 
ground contained traces of plutonium, even though their chemistry 
was apparently normal. These can be divided into two categories, 
the "solvent spill wells· and the wells affected by equipment 
decontamination operations. These will be discussed separately, 
and will be referred to throughout this report. 

Solvent Spill 

In 1971, approximately 200 gallons of contaminated 
TBP-kerosene was accidentally released to the groundwater, when a 
dry monitoring well was mistaken for a solvent storage tank header. 
'rhis accident took place near Well C-17, but when the solven t 
reached the groundwater it spread over a considerable distance. 22 
A series of cores were taken to the depth of the water table to 
determine the extent of the contamination (see Figure 4). 

Approximately 250,000 gallons of water were pumped from Well 
C-l7 to measure the extent of the radioactivi ty there. 23 The water 
was discharged to the H-Area seepage basin. Small amounts of 
activity have remained in the area, and the contamination levels in 
the surrounding monitoring wells have tended to fluctuate with the 
height of the water table. This is believed to be due to an 
extremely disperse film of contaminated solvent that essentially 
floated on the water table. Some of that solvent probably remained 
on the soil when periods of drought caused the water table to 
recede. As the water table returns to higher levels in wet yea~s, 
the groundwater tends to pick up material that was sorbed on soil 
when the water level declined. S- 9 

The wells that were originally affected by the solvent 
release were C-1S, C-17, E-13, E-17, E-19, G-13, G-ls, 
G-17, G-19, I-7, 1-9, 1-13, I-IS, and 1-17. So far, of the wells 
analyzed by low level alpha pulse height, C-17, E-13 and E-17 are 
below 1 pCi/L. Well E-17 still contains the fission and activation 
products Cs-l37 and Co-GO; but these are now at levels considerably 
less than toe drinking water standards, which are currently 200 and 
100 pCi/L, respectively.24 

r~ture low-level analyses should be able to establish whether 
the pl~toni~ activity in Well G-21 is from the same source 
(solvent s?ill) as the rest. However, preliminary isotope ratio 



F1gure 4. Area of 1971 contaminated solvent spill. 
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measurements indicate that i:. is not. The rate of dissipation of 
plutoniu~ will als~ be of interest as the 1!33 co~t3~inated we113 
are monitored. 

Equipment Decontamination Area 

The activity in Wells A-3, C-l and C-3 may have been present 
before waste was even buried in that region. Early in the 
operations history of the 643-G burial ground, the nort~yest corner 
was used as a storage area for burial ground equipment. ~ 
A decontamination station was operated to the east of that storage 
area, between and just north of the A-3 and A-5 monitoring wells 
(see Figure 5) which were installed much later. 

Complexing agents such as EDTA were apparently used in 
addition to phosphate detergents to remove contamination from the 
metal equipment. These agents have apparently mobilized traces of 
plutonium and 5r-90 to the extent that they are now detectable at 
the water table, which is forty feet below grade. The predicted 
contamination area drawn in Figure 5 is based on the water table 
contour of that area. 

Usually it is possible to judge whether a single source is 
responsLble for contamination at several locations by the repro­
ducibility of the isotopic ratios. However, since many sources of 
activity were present in the form of different pieces of burial 
ground equipment, each could have a different isotopic ratio. The 
monitoring wells are not all the same distance from the decontami­
nation station. They WOUld, therefore, not be expected to have the 
same isotopic ratios of plutonium, because the source ratio would 
have varied with time. Furthermore, the decontamination area is 
probably too large compared to the migration path length to be 
considered a point source, so the material that came from one side 
would not necessarily be the same as material from the other. 

A major point in support of this explanation is that there is 
little or no other plutonium in that area of the burial ground, 
regardless of the transport mechanisms involved. There are two 
trench wells along the A-Line that have been known to contain 
water. These (TW-7 and TW-9) are sampled at regular intervals 
whenever water is present, and gross alpha/non-volatile beta-gamma 
measurements are made. A low-level pulse height analysis was also 
performed on the closest trench well to A-3 (TW-9). Pu-238 was 
detectable at only 7 pCi/L, which is approximately the highest 
alpha concentration ever observed in TW-7 and 50\ of the maximum 
observed in nine years of monitoring TW-9. If such low 
concentrations are found in the nearest trenches, it isn't likely 
that even higher levels could be migrating from them to the 
groundwater. (Furthermore, the burial ground records do not show 
any likely source of plutonium in that general area. ) 
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If the conclusions concerning the decontamination solvents are 
"Ceue, it should be pos3ible to locate the old decontamination 
sta=ion and obtain a soil cor~ in that area. To determine whether 
tiH! conU.ni,1ation level 1.1 \;ells A-3, C-l and C-3 will go down or 
u~ in the near term, one would have to know more about the source. 
But since the complexants are probably all but gone now, the 
migration behavior of the radionuclides should be similar to what 
will occur elsewhere in the burial ground many years from now. The 
activity levels in the groundwater will decline. 

RADIOCHEMICAL ANALYSES 

Gross Alpha, Non-Volatile 5eta-Gamma 

Gross alpha and non-volatile beta-gamma measurements have been 
made of the 643-G grid wells on a bimonthly basis since they were 
first installed. 5- 8 Th@ 43 wells in the east and central sections 
have been in place since 1973. The wells in the western section 
(AI-9, Cl-7, !l-7, Gl-9, and 11-9) were added in 1976. Nominal 
background levels for these measurements with the equipment and 
methods used are 3 pCi/L gross alpha, and 50 pCi/L non-volatile 
beta-gamma. Wells that contained more than these levels of 
activity as of 1980 were considered contaminated, and samples from 
each were taken for Sr-90 determinations and low-level counting by 
gamma spectrometry and alpha pulse height. With the exception of 
~ell £-15, which was temporarily inaccessable for aampling, the 
low-level analyses of these wells are listed in Table Bl 
(APpendix 5) along with those of the wells chosen for analysis 
based on in-situ gamma spectrometric scans,26 as described below. 

Natural activities were low in the gross alpha - nonvolatile 
beta-gamma measurements since the samples \01ere allo'Ned t,) .,~':.tlp. 
for at least 48 hours before aliquots were taken for analysis. 
T~is procedure tends to minimize the activity associated with 
particles suspended in solution in much the same manner as coarse 
filtration, but with less handling. However, there is normally an 
additional reduction of activity in some wells via coprecipitation 
of certain radioisotopes, as FellI) slowly oxidi~es to FellII) and 
precipitates from many samples. There is evidence that this loss 
of activity occurs in samples from Well G-2l, which contains 
roughly 110 ppm of iron. Routine non-volatile beta-gamma 
measurements detected 219 pCi/L of activity in 1980 (6 samples, 
bimonthly). However, 1600 pCi/L of strontium was detected in that 
well in the same year by more exact methods. 27 

In Situ Gamma Scan 

In 1980-81, W. W. Bowman performed low-level, high resolution 
gamma stans on each of the monitoring wells in the 643-G burial 
ground. This was accomplished by lowering an intrinsic 
lithium-germanium crystal detector into each well and recording the 
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output as a function of depth. Early in the study, several wells 
":::-e found with verv small areas of Cs-137 and/or Co-60 
ccnt~mination lccatad t~low t~e depth of the trenc~ cottoms. 26 
~2c~r ra-scanni'g thsse wells it ~as determined tilat t~e~~ 
locations probably represented contamination that was transferred 
when the monitoring wells were drilled. The possible exception was 
',ell A-3, which seemed to contain small amounts of Cs-137. 

This study was used as additional input for the selection of 
wells that could be contaminated at very low levels. All of the 
wells that gave any indication of contamination at depth via the 
in-situ scans 26 were sampled and analyzed by the low-level methods 
described below. Low-level counting results are recorded in 
Table Bl, Appendix B. 

Low-Level High Resolution Counting 

Methods and Sample Preparation 

In spite of the apparent sensitivity of the gross alpha and 
non-volatile beta-gamma methods, low-level high-resolution counting 
is indispensable to the investigation of a low-level waste burial 
site. The counting and sample ~re~aration methods that were 
applied to routine monitoring (gross alpha and non-volatile 
beta-gamma) at SRP were designed to handle large sample loads and 
to detect gross changes in activity. Variations in sensitivity 
caused by sample chemistry [e.g. coprecipitation of radionuclides 
with Fe(II!}] were not considered, and all but the major 
di fferences in the natural activity bac!{ground were necessarily 
ignored. The resolution of decay energy was also extremely poor. 
As a result, significant qualitative information was lacking. 

High-resolution low-level counting is the only good way to 
discern between natural and anthropogenic radioactivi~y. It is 
also the only way to obtain information about specific 
radionuclides and gain insight into the hazard potential of the 
system. And happily, it is usually the only way that radionuclides 
from SRP low-level waste can be detected, even in the groundwater 
directly beneath the disposal site 10-25 years after disposal 
operations have ceased. 

As mentioned previously, low-level counting was performed on 
all of the wellS that gave any indication of radioactive 
contamination in the normal monitoring and high-resolution gamma 
spectrometric surveys. The methods used included high-resolution 
gamma spectrometry at SRL's Low-Level Counting Facility. Alpha 
pulse-height was also performed on each s~ple follQl~ing plutonium 
extraction and electroplating. The detectability of Ca-137 and 
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Co-60 was roughly 8 pCi/L, while the detection limit for Pu-238 and 
P'l-239 was less than 1 pCi/L. 

Sr-90 analysid wa~ performed on 2-liter sampl~s by 
concentrating the water and using the appropr~,te extraction and 
counting procedures to measllre Y-90 ingrowth. The detection 
limit of the method was 6 pCi/L of 3r-90, and recovery was high 
( 90 %) • 

Sample preparation procedllres for low-level gamma spectrometry 
and alpha pulse height analysis were designed to obtain the maximum 
sensitivity for activity in the original water sample. With this 
in mind, samples were acidified to pH 2 prior to filtration with a 
glass membrane filter, thus preventing adsorption of radionuclides 
on the sedimentary particles or the filtration apparatus*. This 
procedure had the ancillary effect of greatly increasing the 
natllral radioactivity that was detected in these samples. 

Natural Radioactivity 

The coastal plain sediments that make up the lithology of the 
bllrial ground are naturally high in U-238 and Th-232 in the form of 
monazite. The daughters of these isotopes make up most of the 
radioactivity that can be detected in the groundwater monitoring 
wells. Acidification of water samples prior to filtering callses 
many of the daughters (e. g. Bi-214, Pb-212, Ra-226) to leach from 
the solids that are suspended in soilltion during sampling, thus 
increasing the apparent natural activity. 

In some wells the routine nonvolatile beta-gamma measllrements 
of the monitoring wells are low compared to the natural activity 
that is released from just a small amount of suspended clay 
following acidification. For example, in a sample from well 1\-3, 
approximately 7 mg of suspended SOlids contained over 300 'pCi/L of 
pb-2l2 that was leached at pH 2. Because the nonvolatile 
beta-gamma method selectively removes the activity entrained on 
suspended solids, it is not detected, and the beta-gamma activity 
measured by that method in Well A-3 was only 66 pCi/L. Several of 
the monitoring wells in the burial ground contained Bi-214 and 
pb-212. Filtered and acidified water samples ran as high as 629 + 
148 pCi/L Bi-2l4 (Well I-13) and 346 + 100 pCi/L Pb-212 (Well 
A-I) . -

Five control well~ that were nearby, but completely outside of 
the burial ground anQ away from it~ influence, averaged over 200 

* Please note that, as stated in I\ppendix ~, all other samples 
that required filtration and acidification prior to analysis 
(e. g., rcp andAAl were first filtered with a Gelman 0.45 
micron membrane filter and then acidified with ultraoure 
(Ultrexl nitric acid. . 

, .",",,,,' 
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pCi/L of Bi-2l4. Samples were acidified and then filtered. 
sa~ples that were neither filtered nor acidified averaged slightly 
~igher. but with less consistent results. Pb-2l2 was also 
jecectable. and t.,o oE the five cOlltrol wells contained over 300 
pCi/L of this Th-232 daughter. 

Results 

The resulting data (Table Bl) confirm Bowman's final con­
clusion l that none of the groundwater monitoring wells are 
contaminated by ga~~a emitters at significant concentrations. In 
fact, Cs-137 was identified in only three of the wells tested. and 
Co-60 in only one. In all cases, the gamma activities were less 
than 10% of the proposed drinking water standar~~, which are based 
on a calculated dose of 4 rnrem per person-year. 

The data also show that the alpha emitters Pu-239 and Pu-238 
are present at extremely low coneentrations in some of the 
monitoring wells. Only one sample exeeeded the drinking water 
standard of 5 pCi/L ror Pu-239. That was an unfiltered sample 
obtained from Well G-2l. which yielded an activity of 10 pCi/L. A 
duplicate sample that was filtered and then acidified was 4.0 + 1.0 
pCi/L. Two wells, A-3 and G-21 were above the 5 pCi/L drinking 
water standard for Pu-~38, with 11.0 + 3.0 and 17.0 + 3.0 pCi/L 
respectively. -

Many of the wells that once contained plutonium, as the result 
of a TBP-kerosene solvent spill, are now virtually clean. The 
slope of the gross alpha activity trends over the past five years 
are decidedly negative (Table 61. Appendix B). Three wells were 
identified as containing Sr-90 above the 8 pCi/L (4 
mrem/person-year) drinking water standard. These were A-3. G-2l 
and 1-13. Well G-2l contained 1600 pCi/L of Sr-90. This is over 
two orders of magnit'lde more th~n any other moni:toring well in the 
burial ground. 

CHEMICAL ANALYSIS OF 643-G GROUNDWATER 

Based on the statistical treatment described below, anQ backed 
up by visual inspection of computer-generated histograms of the 
data, a group of wellS was identified which appeared to have been 
chemically contaminated by the waste trenches (Table EI. 
Appendix E). The potential influence of the contaminants on the 
migration behavior of specific radionuclides was evaluated first. 
The list of wells with high potential radionuclide mobility was 
then compared to the radio~ctive contaminant profiles obtained by 
low-level counting to identify locations where waste chemigtry has 
enhanced radionuclide migration. (Table El and E2. Appendix E.) 



E. L. ALBENESIUS -17- DPST-83-Z09 

Monitoring Well Data Treatment 

The groundwater monitoring wells were analyzed for seven 
dif.ferent cations, five a."1ions, silica, dissolved oxygen, 
conductivity, pH, total inorganic carbon (TIC) and total organic 
carbon (TOC). While some of the early data was obtained in 1980, 
and some as recently as July, 1982, the bulk of the analyses were 
performed on samples obtained from March to July of 1981. The 
values recorded in Table Cl (Appendix C) represent the average of 
all data taken for each well. 

Over 1100 water quality parameters have been measured and 
recorded so far. Of these, roughly 350 (32%) were performed at 
least two times on samples taken from the wells 3 or more months 
apart. Some of the wells were analyzed for the same parameter 
three or more times, making it possible to calculate coefficients 
of variation for samples taken and analyzed at different times OC 
the year from the same well (Table C2). The relative importance 
a change in any of the parameters can be estimated with some degree 
of confidence on the basis of this statistical information. 

Although statistical treatment of the well analysis data is 
required to evaluate the apparent trends, it should be remembered 
that the burial ground is not a random system. Each location in 
the burial ground is classified according to the kind of material 
placed there, and the migration mechanisms are likely to be 
different for each radionuclide in each type of waste. Therefore, 
the correlation of statistical outliers (t~e "abnormal" values for 
each parameter) with radionuclide contamination in the groundwater 
is more important than the statistical correlation of a given 
parameter to a level of contamination. In fact, since radionuclide 
contamination was generally too low to be ~ea3ured, the latter 
a~proach was not even attempted. 

The water quality parameters for each well were averaged and 
descriptive statistics were generated for each variable (Tables 
01-022, Appendix D). MOst of the parameters of the burial ground 
well samples were not normally distributed. The Kolomogrov-Smirnov 
test of normality was applied to all of the values for each 
variable. The null hypothesis in this test is that the data i~ 
distributed normally. The test statistic, 0, represents the 
greatest difference between the cumulative distribution of the data 
and the calculated cumulative distribution of an ideal set 
<standardized normal sample) with the same mean and standard 
deviation. with the exceptions of conductivity, pH, nitrate, 
barium, and strontium, the probability of D exceeding the 
calculated value was less than 1%, a clear indication (P~0.99) that 
the data were not normally distributed. 
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The data were also generally skewed toward values indicating 
the influence of the waste trenches, as evidenced by the sign ~~d 
mag~itude of their coefficients of skewness and kurtosis (Tables 
D4-J22). This is con$istent with the observation that the 
groundwater chemistry in the 643-G burial ground is moderately 
influenced by the waste in the trenches above it. 

Wells that were definitely influenced by the waste in the 
burial ground trenches were identified as follows. The distribution 
of the data was calculated separately for each variable (Table 
Dl(a), or chemical parameter. Each of the wells were then 
evaluated separately for each variable. If a measured parameter 
for a given well was more than three standard deviations from the 
mean for all wells, it was considered anomalous; such wells were 
assumed to have been contaminated by waste leachate from the 
trenches above (or upstream of) them. After the anomalous wells 
were identified, a new distribution was calculated excluding the 
anomalous values (Table Dl(b». The remaining data was then 
examined a second time, and any additional outliers were identified 
in the same way. 

The anomalous wells with enhanced potential for radionuclide 
mobility were identified as follows. Values ranging above the 95th. 
p~rcentile for ionic concentrations, TOe, and conductivity were 
chosen from the list of extreme values listed for each parameter. 
Values outside the 5-95th percentile pH range were selected, and 
values below the 5th percentile were selected from the DO and mV 
data. These wells are listed in Tables El and are discussed in 
Appendix E. 

General Parameters 

The hydronium ion activity, as represented by the negati\l.~ 
logarithm of that quantity (pH), is one of the most important 
factors in radionuclide migration. The solubility of many 
salts, the exchange capacity of the SOil, and the prevalence of 
complexes are all dependent upon pH. The pH of the ground~ater 
below 643-G is slightly acidio (averaging 5.3). This favors 
radionuolide solubility, while decreaSing the potential for anionic 
complex formation. The effect of pH on fluoride, phosphate and 
carbonate complex formation is shown graphically in Figures 6-8, 
where the fraction of each of those potentially complexing anions 
that is available as the free ligand is plotted as a function of 
pH. 

With the possible exception of plutonium, only 1-129 in the 
form of silver iodide is immobilized primarily by its lack of 
solubility. In some cases, it may actually be advantageous that 
the SRP Low-Level Waste Burial Ground is in an acidic environment, 
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Figure 6. Bb~AC2 is the fraction of free carbonate available for precipitation - complexation 
reactions in a solution containing bicarbonate. 
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Figure 7. BETAF is the fraction of fluoride available for metal complexation in a solution 
containing hydrogen fluoride. 
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because the acid reduces the formation of mobile radioactive 
complexes. Acidity also favors the reduction of plutonium to the 
P'l(II[) and pu(IV) stater/ 8 '",hich hau9 a gr~at=r aifinity for soil 
than oxidized plutonium. 

One adverse affect of an acidic environment is a diminished 
soil (ion) exchange capacity.29 The pH of the groundwater was 
normally above the isoelectric point (IEP) expected for typical SRP 
soil. The soil surface potential (10 ) is determined by the 
equation: 

where 

and at 25°C 

RT 
= ln 

F 

R = gas constant 
F = Faraday's constant 

[H+)o = Hydronium ion concentration at the 
Isoelectric Point (IEP). 

[H+) = Hydronium ion concentration 
T = temperature in oK. 

Io = 0.059 (pH - IEP) 

As expressed here, positive values of Io favor cation 
exchange. Tharefore, the cation exchange capacity of the soil 
tends to increase with pH. This has been ?roven experimentally at 
SRP where the cation exchange capacity may increase by a factor of 
100 from pH 4 to pH 10. 13 ,30 Kaolinite claYA ~re dominant clay 
mineral in SRP soil, has an ISP of 3.0-4.6.~~' 

Only two wells were more alkaline than pH 7.0. One well, 
E-17, was at pH 10, indicating that a major source of chemical 
contamination must be leaching from the trenches nearby.~ There 
are several potential effects of such contamination. However, the 
undesirable effects are essentially only two, the mobilization of 
radionuclides due to competitive ion exchange, and the formation of 
mobile radioactive complexes. The first effect, competition for 
ion exchange sites, is more closely related to ionic strength and 
the effects of specific cations. The formation of mobile inorganic 

* This well was analyzed one year later, (June 1982). The pH had 
dropped to 7.00 and phosphorus had decreased to less than 0.1 
ppm. 
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complexes is discussed in the sections on phosphate, fluoride and 
carbonate. 

Oxidation - Reduction Potential (EH) 

The measurement of oxidation-reduction potential in the 
groundwater monitoring wells is designed to identify excessively 
reducing environments. Although highly oxidizing environments are 
90ssible, the presence of reduced carbon (eg. cardboard, wood, 
cloth, rubber, etc.) in the trenches gives most of them relatively 
low oxidation potentials instead, expecially in the presence of 
biological (bacterial) activity. The oxidation-reduction potential 
measurement is most meaningful for reduced, non-oxygenated systems, 
because once at equilibrium, oxygenated systems would not contain 
enough of the lower oxidation state species of the 
oxidation-reduction couples to measure with this simple technique. 

The oxidation-reduction potential is determined by the 
potential of one or more couples in solution, but it is not usually 
measurable with any degree of certainty about the nature of the 
couple actually being measured. This can have serious drawbaCKS in 
the interpretation of EH data for dilute solutions, or in 
solutions where equilibrium has not been reached among the major 
sample constituents. Both conditions are prevalent in groundwater 
systems. The contaminants in the monitoring wells are generally 
very dilute, and the chromatographic effects of soil adsorption 
virtually preclude equilibrium in waste-affected sampling 
locations. The meaning of the measured potential is therefore 
subject to question. 

possibly the only measureable redox couple of consequence in 
the groundwater is that of Fe(II)-Fe(III). Approximately 10-5 M 
(ie; 0.5 ppm) concentrations of Fe(II) and Fe(I!I) are required for 
an eXChange current of a microampere at the platinium electrode. 21 
This is ap9roximately the point at which the electrode can be 
presumed to be following only the iron couple, successfully 
rejecting mixed equilibrium potentials. Mn(III)-Mn(IV) could also 
be conSidered if the concentration of manganese in the groundwater 
were sufficiently high. 

Although it is generally inferred that a relationship exists 
between the dissolved oxygen concentration (00) and the 
oxidation-reduction potential (EH)' the correlation can be very 
poor. Under the dynamic conditions present in the burial ground, 
the oxygen in the groundwater has insufficient time to react 
completely with reduced components of the waste. Waste components 
also lack the time to react with each other, so equilibrium is not 
complete. However, the poor correlation can probably best be 
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explained by the fact that most of the wells have no dominant 
oxidation-reduction couple. 

The three wella that contained more than 1 ppm of iron all had 
low dissolved oxygen concentrations and low redox potentials, but 
the Eh of the two wells that contained iron at 0.5-0.8 ppm appeared 
to be more closely related to the pH and nitrate couple than to 
dissolved oxygen. This is plausible, since the reduction of 
nitrate is dependent on pH, but not necessarily on oxygen 
concentration (for a system not at equilibrium). However, the 
kinetics of nitrate reduction indicate that it is still the iron 
couple that is actually being measured. 32 

The oxidation reduction potential of the groundwater was 
measured as high as 0.663 volts versus the standard (or normal) 
hydrogen electrode (Well C-13). But even this was too low to allow 
a significant amount of plutonium to exist in the Pu(VI) or Pu(IV) 
states. Except in strong complexes, trace levels of plutonium 
should be either as Pu(III) or Pu(V), depending on the oxidation 
potential and pH of the system. 28 ,33-35 The potentials required to 
convert these to Pu(IV) and Pu(VI) are given below. 28 

EO (volts) 

e = 1-0.93 

pu 4+ + e = +0.97 

Unlike the equilibria described above, the conversion of Pu(V) to 
Pu(III) and Pu(VI) to Pu(IV) are highly pH-dependent. 

EO (volts) 
1. 06 

1. 03 

The next equation can be used to estaPlish the equilibrium constant 
at various solution potentials (EH) of the groundwater. At 
equilibrium E = EH' 

E = 1.06 + 0.059 log 
2 

+ 0.12 pH 

Inspection of this equation reveals that a one pH unit change 
in acidity affects the ratio of Pu(V) to Pu(III) by a factor of 
10 4 , with greater acidity favoring the lower oxidation state. A 
change in the solution potential of 100 millivolt1 ~as slightly 
less effect, altering the ratio by a factor of 10 • . 
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The relationship between Pu{VI) and Pu{IV) would be the game way, 
but for the dominance of the Pu{V) and Pu{III) forms that exi3t at 
the oxidation poten~ial of most natural systems. 

As a result of these equilibria, the most favorable conditions 
for retaining plutonium on the soil in a complex system is to 
maintain a moderate oxidation potential under slightly acidic 
conditions. This will stabilize Pu{III), which is the least 
mobile of all the plutonium species. 

Dissolved Oxygen (DO) 

Dissolved oxygen is measured in parts per million at the 
temperature (TEMP) listed for each well. This parameter is related 
to radionuclide mobility in two ways. It is a measure of the 
reducing character of the water, in that low dissolved oxygen 
concentrations result from oxygen consumption in a reducing 
environment at or upstream of the sampling location. It is also an 
indicator of the relative isolation of the sampling location from 
the flow of oxygenated water, giving some indication of the 
relative dominance of the waste chemistry. 

High dissolved oxygen concentrations in the waste trenches and· 
in the groundwater around such trenches are generally good in terms 
of radionuclide isolation, but technicium, ruthenium, and plutonium 
are much more mobile in their most oxidized states. The major 
drawback to highly reducing environments is the fact that Fe{II) 
often becomes dominant in such systems, eliminating or attenuating 
the affinity of the soil (metal-oxide layer) for radionuclides such 
as Sr-90. The higher ionic strength of such aqueous systems also 
uses up the ion eXChange capacity of the surrounding soil, further 
mobilizing the cationic radionuclides. 

Other contamination problems are encountered in highly 
oxygenated systems. Ruthenium VI and VII are anionic, but they are 
also unstable at the slightly acidic pH of the burial ground 
system, even in oxygen-saturated systems. 28 Nitrosyl complexes 
of Ruthenium II and III are"probably the main component of mobile 
Ru-106 at SRP. Technetium is mobile only as the pertechnetate 
(Tc04-) anion,20 which is its normal oxidation state (VII) in 
groundwater. Reducing conditions in the trenches could immobilize 
Tc-99 temporarily, but its long half-life makes its eventual escape 
to the groundwater certain. Fortunately, low specific acivity, low 
decay energy, And short biological half-life combine to make Tc-99 
relatively harmless. Plutonium is most stable as Pu(III) (See 
Fluoride) in aqueous environmental systems, although Pu IV, V, and 
possibly even VI are also present. Plutonium speciation is not 
dir~ctly affected by variations the dissolved oxygen concentration, 
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but low dissolved oxygen concentrations may indicate the proximity 
of a reducing system that could also react with Pu(VI} and Pu(IV}. 

Conductivity (CONO) 

Ionic strength is approximately linearly related to 
conductivity. Both parameters are thus related to the activity 
coefficients of the radionuclides in a given system. For the most 
part the ionic strength of the well water samples was so low that 
the activity coefficient could be considered unity. Activity 
coefficients were calculated (Debye-Huckel) for Cs+ and Sr 2+ in the 
normal and higher ionic strength groundwater, but the differences 
over the observed range of ionic strengths were negligible. 

The most important aspect of conductivity (and ionic 
strength), then, is as a measure of the ion exchangeable material 
in solution that could compete with radionuclides for adsorption 
(exchange) sites on the soil. More specific information about the 
wells will be given under the heading "Competing Cations." 
However, electrically conductive groundwater generally has the 
greatest potential for transporting exchangeable, cationic 
radionuclides (see Sodium). Therefore, the most conductive wells 
(G-7, G-2l, 1-13 and possibly A-5) would be suspected of containing. 
dissolved radionuclides. 

Complexinq Anions 

Total Inorganic Carbon (TIC) 

Inorganic carbon (carbonate) has a strong impact upon the 
properties of groundwater. As dissolved carbon dioxide (carbonic 
acid) it tends to reduce the pH of natural groundwaters. In the 
form of carbonate and bicarbonate salts, it contributes to the 
alkalinity of the groundwater and makes up much of the buffering 
capacity of natural systems. The carbonate anion can form an 
insoluble salt with strontium, but under certain conditions it can 
also form mobile, anionic complexes with plutonium and uranium. At 
SRP, the latter effect is more important. 

The fraction of the total carbonate in a given solution that is 
actually present as the free, divalent anion is referred to in this 
paper as BETAC2. The fraction is constant at a given pH. The 
d~p~nd~nc~ of BETA upon pH is illustrated in Figure 6. It can be 
se~n from this figure that only a small fraction of the carbonate 
remains fr~~ly available at the pH of the normal groundwater at 
SRP. 
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The equations that apply to the dis~ociation of carbonic acid 
are: 28 ,36 

Equation 

11] H2C0 3 '" H+ 

[ 21 HC0 3 = H+ 

The free carbonate 

13] BETAC2 = 

[ 4 J BETAC2 '" 

+ HC0
3 

'" + C0 3 

fraction is BETAC2 

Id2C03] + IHC03-] + [C0 3=] 

1 

Di330ciacion 
Constant 

4.45 x 10-7 

4.7 x 10-11 

where kl and k2 are the dissociation constants of equations 1 
and 2 respectively. 

The formation of insoluble strontium carbonate is described 
by the solubility product equation, 

( 5] CO 2-
3 ksp = 5.62 x 10-10 

To calculate the solubility of strontium, the molar 
concentration of carbonate is first calculated from TIC (in ppm 
of carbon) as follows: 

[ 6] [CO,2-] 
3 

... nr;; ~ B~lar;; 2 1 ,0 

The solubility of strontium is then: 

2+ 5.62 x 10-10 
[ 7] ISr ] .. 

[co/-] 
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It can be shown through the application of thes~ basic 
~quations that none of the monitoring wells ace close to being 
~a~urat=d with st~ontiu~. Tte ap?lication of similar e~uations 
for calcium 2d 

[ 8] 
2+ 

[Ca ] 
-4 

7.08 x 10 
[C0

3
2-] 

(ksp of amorphou~ CaCO '" 7.0S x 10-4 ) 
3 

results in the same conclusion, that subsaturation conditions 
exist in all of the wells. Neither calcium nor strontium is 
present as the carbonate salt, so Sr-90 cannot be immobilized as 
an inclusion. At SRP, the (relatively low concentrations of) 
calcium and strontium in the groundwater merely serve to compete 
with ion exchange sites on the soil, while the carbonate serves as 
a counter ion for their dissolution. This equilibrium is shifted 
somewhat for calcite, which has a ksp of 4.5 x 10-9 . Only well C-5 
contains calcium at saturation levels with respect to this mineral 
(100 ppm Ca in 1.8 x 10-6M free carbonate). Well E-19 is the only 
other well above 20' saturation in CaC03, being 92.6, saturated. 

Plutonium (VI) and uranium (VI) both form anionic complexes 
with carbonate. The related equations are 2S : 

loS k 

i 9] Pu (5) '" pu 4+ + <Ie 83.38 

[10 ] pu0
2

2+ + 4H+ + 2e '" 
pu 4+ + !i

2
O 34.86 

0 4H+ 
. ' 2-[ 11] PU0 2 (C0

3
) + + 2e '" pu"lT' + co) + 2S 2O 22.86 

[I2] 2- 4H+ 2e pu 4 + 2C0 2- 2S 2O 19.94 PU0 2 (COl) 2 + + '" + + l 

[ 13] PU0 2 (COl )OB + 5B+ + 2e '" pu 4+ + CO 2-
3 + 3H 2O 25.03 

(14] 2- 6B+ 2e pu 4+ CO 2- + 4H 2O 39.S3 Pu02co3 (OH) 2 + + '" + 3 

Combining these equations gives the following relationships for 
Pu(VI). 

log k 

[15] PUO~+ + C02 -
3 = Pu0 2C0

3 
12.00 

[16J PUO~+ + 2CO~- '" 
2-PU0 2 (C0 3 )2 14.92 

[I7] puo~+ + C02-+ 
3 H2O '" PU0 2C0 3OH ... H+ 9.S3 
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2 

2-
+ CO 
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+ 2H 0 

2 
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2-
: PuO CO (Od) 

232 

+ 
+ 2H 
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-4.93 

The ratio of the concentrations of the major anionic carbonate 
species with respect to the concentration of free (cationic) PU(VI) 
is then given by: 

[19] 

[20] 

2-[PU02(C03)2 ] 

[Puo~+] 

[ Pu02(C03 )OH-] 

[Puo~+] 

= 

= 
[CO~-] x 10 9• 83 

[H+] 

Where each of the quantities in brackets represents the molar 
concentration of that species, and the carbonate concentration is 
calculated as before (i.e., [C032-) = TIC/12,OOO ~ BETAC2). 

These equations were applied to each of the water 
compositions found in the monitoring wells. The results of these 
calculations showed that the anionic plutonium hydroxycarbonate 
species was often favored over both the cationic Pu(VI) and the 
neutral pu02C03 species by several orders of magnitude. The 
PU02(C03)~-complex was not favored with respect to neutral 
Pu02C03 (see Table I). 

The thermodynamic dominance of the anionic hydroxycarbonate 
species may be an additional factor in explaining the trace level 
mobility of plutonium in the northwest corner of the 643-G burial 
ground (wells A-3, C-l, and C-3). However, there is still a 
question concerning the stability of Pu(VI) in the 
environment 37 , 38, 39 (see also Oxidation-Reduction Potential). 
Its reduction potential is so high that it is certainly reduced to 
Pu(V), (IV), and (III) in most trench burial regimes. These do 
not form anionic carbonate (or fluoride) complexes in the 
environment and are, therefore, adsorbable by the soil. Still, 
the existence of a mobile complexed Pu(VI) species could help to 
explain the trace levels of plutonium that were detected in the 
groundwater. If so, some enrichment of Pu(VI) would have occurred 
through selective adsorption and retention of the reduced 
plutonium species along the path of migration. 

probably the best way to estimate the potential of a system 
for the formation of plutonium hydroxycarbonate is to consider an 
equilibrium between that species and the anionic hydroxide complex 
of Pu(IV). 
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TABLE 1 

ANION/CATION SPECIATION RATIOS 
FOR PU (VI) WITH CARBONATE 

CASE pH [C0 3JT BETAC0 3 Pu0 2(C03 )OH- )2-Py02{C03 2 
(moles/liter) 

PUO~+ PUO~+ 

!1EDIAN 5.3 1.lxlO-3 9.lxlO- 6 1. 4xlO 7 8.3xlO- 2 

;J JR S T 6.86 5.3xlO- 3 3.4xlO -4 8.8xlO 1O 2.7xl0 3 
REAL 

HIGH 5.3 1.0xlO- 2 9.lxlO- 6 1. 2xlO 8 6.9 
CARBONATE 

HIGH 10.0 1.1x10- 3 0.32 2.4xlO 16 1. OxlO 8 
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Written as a reduction: 

(Derived using equations 22 and 23 

from Benson and Teague 28 ) 

[22] PU0
2

(C0
3

)OH- + 5H+ + 2e = pu 4+ + CO;- + 3H
2

0 

[ 23] 

DPST-83-209 

loU 
10.08 

25. 03 

14.95 

The reduction potential for this cell (B") is derived from the 
Gibbs Free Bnergy relationship 

[24] G" = nFt" = - RT ln Kl 

[ 25 ] EO = 0.059 log Kl 
2 

Substituting 10.OB for log K2 

E" = 0.296 V 

the equilibrium is then defined by the Nernst equation 

(26] E = 0.296 + 0.59 log 
2 

A worst case can then be calculated for the sour~e, assuming 
that the free carbonate and Pu(lV) concentrations can be 
calculated. These are estimated to be 10-7 and 10-8 molar, 
respectively as an approximation to the worst case. 

The amphoteric behavior of Pu(OH)4 as described in 
equation (23), and the hydrolysis of Pu 4+ to insoluble Pu(OH)4' can 

be related to pu02(C03l0H-. At pH 6, pu(OHlS is roughly 1015 time5 

the Pu 4+ concentration. pu 4+, as limited by hydrolysis is roughly 
10-23 M. This agrees well with empirical evidence that plutonium 
exists at these pH'S at concentrations of roughly 10-9 M (ionic 
strength = 1.0).40 The highest free carbonate concentration in 
the groundwater is about 10-7 M. 
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After substituting the appropriate values into equation [6] 
the resulting calculation gives 11-5 M plutoniu~ at a redox 
potential of 600 mv (SiiE). Thi3 i, rou'Jil1y 250 r.Ci/i. of ;:llut"'liCl.n 
a", Pu-239. This estimate gives a base figure representing only t~e 
maximum concentration of Pu(VI) hydroxycarbonate that could occur 
in the diffusion layer around Plutonium(IV) hydroxide in its 
standard state. This "source concentration" would diminish 
exponentially with the distance travelled through the soil, and 
away from the source, because of the conversion of plutonium(VI) to 
(V) and (IV) and their subsequent adsorption by the soil.41 

Away from a plutonium source (saturated solubility conditions) 
the dominant factor in Pu(VI) transport is the equilibrium with 
Pu(V), which does not form a stable anionic complex with carbonate. 
Pu(V) was more than 10 4 times more thermodynamically stable than 
Pu(VI) in water from every groundwater monitoring well in the 643-G 
burial ground. Therefore, Plutonium(VI) is rapidly converted to 
Plutonium(V) in the presence of any redox couple in the groundwater 
(even at Ea = + 0.6 volts). Since the hydroxycarbonate species 
must be in equilibrium with PU(VI), it is gradually consumed 
through the adsorption of the reduced plutonium in soil. 

In terms of operating low-level burial sites in a humid 
environment, it would seem to be advantageous to avoid disposing of 
plutonium in a highly oxidizing environment. 38 This constraint 
would not normally affect disposal operations, but it would assure 
that plutonium mobility would not be enhanced by conversion to the 
oxidized Pu(V) and Pu(VI) species, the latter of which is mobile in 
the presence of basic or neutral carbonate. 

Total Organic Carbon (TOC) 

The groundwater in the vicinity of the burial ground is 
naturally oxic, and contains very little natural organic carbon. 
A~ide from small amounts of humic mat~rial :rom areas that might 
have been low or marshy prior to burial ground op~ration (none have 
been identified) virtually all of the organic carbon dissolved in 
the groundwater must have come from the trenches. Some of this 
material is most likely in the form of acidic and potentially 
complexing compounds. 

The nature of organic contaminants in the groundwater and 
burial ground trenches is critical to the mobility of plutonium. 
Organics that form strong complexes tend to mobilize Pu(IV) very 
efficiently. The most critical compounds in this respect are EDTA 
and its analogs (eg., EDTA and DTP~), but others such ad T3P, DEHP, 
and even citrate could carry plutonium to the water ~a0le at trace 
levels. Plutonium(IV) forms such strong complexes that it competes 
favorably with naturally occurring Fe(III) and Ca in the 
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groundwater for sub-stoichiometric concentrations of these 
anions. 34 ,36,42 

Several of the moni':oring wells contain mea3urable amounts of 
dissolved organic carbon. Some of these, including C-l7, E-2l and 
G-2l, are located near the old solvent burning trenches. Others, 
like G-7, contain high concentrations of dissolved carbon for no 
apparent reason. Until an analysis of the organic material in the 
monitoring wells is completed, the source and potential impact of 
the organic carbon will be uncertain. 

Pluoride 

Fluoride is usually found at such low concentrations in 
9roundwa~er ~ha~ i~ is no~ importan~ in radionuclide migration 
studies. Normally, i~ does no~ affect the mobility of fission 
products, although at high concen~ration, fluoride can precipi~ate 
Cm, Cr, Ni, and Sr. The importance of fluoride here is its ability 
to form anionic, and therefore mobile, complexes with plutonium and 
uranium in their most oxidized valence states. PU02F42- and PU02F3-
are the most thermodynamically stable species of plutonium(VI) in 
aqueous media at concentrations of about 5 x 10-6 M fluoride and 

above. 28 Uraniurni~I) is stable as U0 2F4
2- at concentrations greater 

than about 1 x 10 M fluoride. 

The equilibrium concentration of anionic fluoride complexes 
relative to puo~+and uo~+ concentrations were calculated from basic 

thermodynamic data 28 ,33 as follows. 

For Ura'lium: 

Equation log k 

[11 +9.20 

[ 2] -2.59 

[ 3] -3.76 

----------------------------------------------------------------.-
+12.96 

+11. 79 
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Therefore: 

[F-] = (BETAF) x ([F]measured) 

BETAF, the fraction of fluorine present as the fluoride anion, is: 

BETAF 

+ [HFl 

Where: 

os 

And for Plutonium: 

Equation 

[1] P'lO~+ + 4H+ + 2e 

[ Zl PU02F3 + 4H+ + 2e 

[ 3] 2-PU02F4 + 4H+ + 2e 

[ 1-3] PUO~+ '+ 4F -
[1-2] PUO~+ + 3F-

Therefore: 

[J?u02F 3] 
2+ 

[Pu ] 
2 

= 1 

[H(+) liDS + 1 

= 7.2 x 10-4 

log k 

= pu 4+ + 28 20 +34.86 

'" pu 4+ + 3F + 2H ZO +18.60 

'" Pu 4 + + 4F + 2H 2O +15.57 

= 2-Pu02F4 +19.29 

'" PU02F3 +16.26 

= 
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(PU02F~-1 

[PuO~+l 
= 

-35- DPST-83-209 

The fluorine concentration statistics for the groundwate. 
wells are summarized in Table 2. The average fluoride 
concentration in all wells was 0.1 ppm (5 x 10-6 M). The highest 
concentration measured was 0.8 ppm (4 x 10-5 M). The fraction of 
the total fluorine actually present as free fluoride (BETAF) is a 
function of pH. This function is plotted in Figure 7. 

Using the equations above, the ratios of anionic Pu(VI) and 
U(VI) concentrations to the concentrations of the corresponding 
anionic fluoride complexes were calculated for the average and the 
highest fluoride concentrations that were measured in the 
groundwater wells (Table 2). The potential impact of the elevated 
fluoride concentrations is well illustrated by the effect of just 
I x 10-3 M fluoride on the equilibrium ratio of anionic to cationic 
species of both uranium and plutonium. And, as seen in the table, 
even the low concentrations of fluoride that were measured in the 
groundwater wells could have a significant impact upon the 
speciation of Pu(VI). 

Pu(VI) may represent a significant fraction of the soluble, 
mobile plutonium in the 643-G groundwater, and its mobility is 
almost certainly enhanced by the formation of anionic and neutral 
complexes. A study of plutonium speciaton in well C-17 concluded 
that over 40% of the dissolved, unfilterable plutonium was 
Pu(VI).39* 

The same study found that some of the plutonium in well C-17 
may have been adsorbable by anion exchange resin (in the chloride 
form), but the results were statistically uncertain - the absolute 
quantity of such material being represented by the difference 
between 32.0 ± 3.0 pCi/L and 28.4± 4.2 pCi/L. Additional tests 
showed that almost 96% of the soluble plutonium could be adsorbed 
on cation exchange resin (in the acid form), but only 75% was 
adsorbed on soil in batch Kd tests. Therefore, although very 
little anioniC plutonium was detected by direct extraction with ion 
eXChange resins, some anionic plutonium probably does exist. 

* Some or all of the Pu(VI) that was detected may have been Pu(V), 
a species that does not form stable complexes. 
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TABLE 2 

ANION/CATION SPECIATION RATIOS* FOR U (V I ) 
AND PU (VI) WITH FLUORIDE 

CASE pH [F] 8ETAF [U01F3] 2-[U01F4 J [PU0 2F:i J 2-[Pu0 2F4 ] 

[UOz... ] 
2 

[UO~+ ] [P UO~+ ] [PUO~+ J 

AVERAGE 5.34 5x10- 6 0.99 7.3x20- 5 5.5x10- 9 2.2 1.1x10- 2 

WORST 5.24 4x10- 5 0.99 3.8xl0 -2 2.3xl0-5 l.lxl0 3 4.8x10 1 
REAL 

HIGH F 5.34 10- 3 0.99 6.2x10 2 9.5 1.8xl0 7 1. 9xl0 7 

* At thermodynamic equilibrium 
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More than half of the soluble oxidized 9luton:~m in the 
experimental water sample (from well C-l7) may "~'r~ b,",,~ in the 
form of anionic Pu(VI) complexe<;. The ell'lilib~:"J-:\ ~'1::io for Pu(VI) 
in an aqueous system with 0.1 ppm total iluocine a~ ., "n 0: 5.15 is 
roughly 69% PU0 2FJ and 31% pu0 2

2+ This is ap?coximat~ly 
equivalent to the ratio that might be predicted based solely on the 
results of the soil adsorption (Kd) tests, in which 25% of the 
soluble plutonium in all oxidation states was not adsorbed. If all 
of the non-adsorbed plutonium in the soil adsorption experiment is 
assumed to have been Pu(VI), then roughly 63% (25%/40% of the total 
plutonium in the original water sample) of the Pu(VI) could have 
been in the form of anionic fluoride complexes. 

The apparent discrepancy between the results of the soil 
adsorption tests and the ion exchange tests may be accounted for by 
examining the experimental method. As the equations for the 
formation constants show, the fraction of Pu(VI) in a solution as 
the anionic fluoride complex exhibits a third and even a fourth 
order dependence on the free fluoride concentration. The addition 
of acidic cation exchange resin to a sample of natural well water 
would have lowered the pH of the solution to less than 2.5, 
reducing BETAF by a factor of almost 20 (see Figure 7). If 
fluoride were present, consumption of free fluoride would easily 
explain why 96% of the total plutonium was adsorbed by the cation 
exchange resin instead of the 75% that was adsorbed by the less 
acidic soil. Additional tests with cation exchange resin that had 
been pre-equilibrated with an aliquot of the same well water sample 
would test that hypothesis. 

The anion exchange resin adsorption test would also be 
expected to yield a poor recovery of a plutonium fluoride complex 
(PU02F]) because the complexing anion, F-, would be consumed by 
the resin. Any of the complex that was initially adsorbed by the 
anion eXChange resin would have exchanged, reversibly, with 
chloride. However, as the resin equilibrated with the water 
sample, the fluoride activity of the solution would have decreased 
to the point that the plutonium fluoride complex would dissociate 
rapidly in the process of exchange with the free chloride in 
solution. Even with an adsorption selectivity coefficient of 20 
for chloride/fluoride,43 the reduction of fluoride activity in the 
solution would be greater than 99% under the reported experimental 
conditions. Pre-equilibration of the resin with an aliquot of the 
sample usin9 a column arrangement is probably the easiest way to 
assure that the resin does not affect the sample. 

In making these calculations, it was assumed that the well 
water composition (well C-17 was used) has not changed 
substantially with respect to fluoride, chloride, and pH. In 

,.,,~.' , 
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attempting to analyze the data on well :-17, as reported her~ and 
in refnence 39, it should also be m,.:l:ior.ed ti1at a significant 
amount of organic carbon ha~ b3~~ ja~e=:~,~ ~~ ~~a~ well, a~d th~r3 
is reason to believe that it could be -1 comi?lexan t/di luen t 
combination, specifically TBP/ultrasene (see Operations History 
Section). This would be expected to influence the overall behavior 
of plutonium in the local environment, but it would not directly 
affect the behavior of Pu(VI). However, if a significant fractio~ 
of the non-adsorbed plutonium was in lower oxidation states, as wa~ 
probably the case, the dissolved amount of Pu(VI) in the form of an 
anionic fluoride complex would be lower. The conclusions about 
Pu(VI) that are based on thermodynamic calculations would remain 
unchanged, but the mechanisms responsible for mobilizing the less 
oxidized plutonium (e. g., organic complexation) would assume 
relatively greater importance. 

In spite of the complexes just described, plutonium 
distribution coefficients (Kd'S) on soil are commonly on the 
order of 10,000, because the lower oxidation states of plutonium 
tend to dominate most systems~3 These species are extremely 
insoluble at normal groundwater pH's and are also quite readily 
adsorbed on virtually all soils. Pu(VI), the only plutonium 
species that reacts to form anionic fluoride complexes, is 
relatively unstable in the environment. It only exists in strongly 
oxdizing solutions, in concentrated plutonium solutions (as a 
result of the disproportionation of Pu(IV) ) or in extremely dilute 
quantities. Otherwise, it is dominated by Pu(V) in oxidized 
systems 37 and Pu(lII) and (IV) in reducing or "anoxic" stystems 
(see Oxidation-Reduction Potential). 

At the highest fluoride concentrations that have been observed 
in the groundwater wells (0.8 ppm) Pu(vI) would move with the 
groundwater until it was reduced to a lower oxidation state or 
until the fluoride concentration dropped back to normal. However, 
no plutonium has been detected recently in any of the monitoring 
wells that contain F-. Also, well C-17 no longer contains 
measurable plutonium activity. At present, there is not more than 
4 pCi/L of PU-239 (see Radiochemical Summary) in anyone well. 
Even the rapid migration of this amount of activity would merely 
serve to disperse plutonium concentrations to below the limits of 
detectability, as they are already below the EPA drinking water 
standard. 24 

Chloride 

Except for its function as a counter ion for cations in 
solution, chloride does not specifically affect the migration of 
any of the major radionuclides. None of the elements that form 
strong (anionic) chloride complexes (e.g. 6g, Zr, Pb, Sn, Bi) has a 
radioisotope that is of significance in Low-Level Waste Management. 
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However, hi9h levels of chloride it'l t:he 9!'oundwat:er are a clea. 
indication that galt~ from t~~ w~~~a tranche3 ara affecting the 
chemi.;try of th3 ~':":"')'1","~I"at~~. 

The mean chloride concentration was approximately 8.1 ppm, the 
median value, 3.8 ppm. The Eive ",ell;; with the highec;t chloride 
concentrations are listed in Table El. At least one of the wells, 
1-13, is significantly out of lin~, indicating the influence of 
chemicals from the low-level waste trenches above. High ionic 
strength, as inferred by a high chloride concentration, tends to 
enhance the mobility of strontium and cesium and any other 
radionuclides that are normally immobilized by ion exchange with 
the soil. 

Nitrate 

Nitrate is generally a weaker complexing ligand than chloride. 
It is relatively easy to reduce in acid solutions and is consumed 
rapidly by biological activity in the environment. At high 
concentrations, nitrate forms insoluble salts with the alkaline 
earths Np (V) and others, but the dissociation constants of these 
salts are all too great to be of significance in environmental 
modeling. 

As was the case for high chloride concentrations, high 
concentrations of nitrate in the groundwater are indicative of a 
source of chemical contamination nearby. However, since some of 
the nitrate sources, (e.g. anion exchange resin, neutralized acid 
nitrate waste) contain plutonium, it is important to identify the 
migration paths of this anion. The mean nitrate concentration in 
all wells was 10.0 ppm; the median was 10.5 ppm. The highest 
nitrate concentration measured was 28 ppm (well 1-15), which was 
just within three standard deviations of the mean. 

Sulfate 

In many cases sulfat:e t:ends to be a st.onger complexing ligand 
than nitrate. It also forms moderately soluble salts (Ksp 5r504 

10-2 • 55 ) with the alkaline eart:hs and other ions. But: again, the 
solubility of these compounds does not limit the mobility of 
radionuclides in a low-level waste environment. Anionic sulfate 
complexes can be formed with nick@l and neptunium, but the sulfate 
concentration in the groundwater was far too low for these to be 
favorable. The calculated ratio of Ni(S04)22-/ Ni 2+ was 1.4 x 10-5 

at III ppm. the highest sulfate concentration measured. Th@ ratio 
for NP02(S04)22-/~p022+ was only slightly more favorable at 
7.8 x 10-4 • 
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rh~ ~o~t imoort~n; ~tfect of th~ sulfate anion at th939 
c~ncantration~ ~~? ~~ i~~ tend~ncy tQ reduce the ~ydr~ly~i2 of 
·~.,fI',·) !-. r-'-~ ~""T"! ......... -~ ... '- '7':I'~t'nq ~~ ="' ~·""l:-'·.J ..... ,'1"'.:. ~"",,~,.''''''..:. -lJ _ ..l \ ....... _ ... ' ........... _ .... , •• _, • •• ...... __ ... ';' _ 1.... .1,"" _ _ ....... _ ... .., .... _ • 

Phosphate 

The radionuclides most affected by phosphate are uranium and 
plutonium. 28 ,31 Uranium is not widely prevalent in the low-level 
burial ground, although low concentrations occur naturally 
there, so it will not b~ considered in this discussion. A few 
wells were found to contain phosphate at measurable concentrationz 
but none of these were located where plutonium contamination was 
likely to be presen~. Plutonium reacts extensively with phosphate 
and probably forms mobile, anionic complexes of Pu (IV) in the 
environment. The limiting factors in the formation of these 
complexes are the concentration of free HP042-, and the amount of 
free plutonium available. 'rhe thermodynamic data quoted by Benson 
and T'eague 28 and the stability constants quoted by Cleveland 34 
indicate that the formation of anionic phosphate complexes is 
highly favored, even under environmental conditions. 

Relevant equations ware calculated, and the results are given 
below: 

Como ley. Dis50cia~ion Constants loS!....!. 

2+ pu 4+ + H+ + PO 4 3- -25.33 Pu (HPO 4) = 

Pu ( HPO 4 ) 2 ( s ) Fu 4+ + 2H+ + ZPO 4 
3- -52.62 = 

2-Pu (HPO 4) 3 = tou 4+ + 3H+ + 3P03-

" 
-70.35 

P'.l (HPO ) 4- = pu 4+ + 4 4 
4H+ + 4P0 3-

4 
-92.16 

Acid Dissociation Constants leg: K 

HPO 2- fi+ + Po 3- -12.3 = 4 4 

8 21'0 4 - a+ + HP0 2- - 7.2 
4 

1I 3P0 4 
g+ + HZP0 4 - 2.1 
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See Figure 8 for 
a plot of 82 vs. pH 

log K 

= Pu 4+ + -33.4 

-43.0 

[pu(dP04»)2-] = (HP0 4 2-)3 

[Pu(IV») 10-33 . 4 

At ?H 5.5 (32 = 1.9 x 10-2 ) and the highest phosphate 

concentr~tion mea3ured (5.9xl0-S M), the divalent phosphat= complex 
is favored by 3.5 l': 1015. At the mean phosphate c9nc.;ntration 
(~.5 oom a3 P) this ratio is redwced to 8.1 x lO~3, but the 
dival~nt'aniof\ic complex is still highly favoreo;l.. The 
tetraphosphat~ complex is favored even mor~ (~ee Table 3). 

(PU(HP0 4 )4 4 
lpu 4+] 

and 
= 9.5 x 1016 

at pH 5.5 and 1.8 ppm P (5.8 x 10-5 M 
pho3phatel 

at pH 5.5 and 0.5 ppm P 
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TABLE 3 

ANION/CATION SPECIATION RATIOS* 
FOR PU (IV) WITH PHOSPHATE 

CASE pH CP0 4]T SETAP CPU(HP04)~-J 4-[Pu(HP04 l 4 ] 

Cpu il+] [P u ~+ J 

AVERAGE 5.32 2.2xlO- 6 1. 30xlO·2 5.8xl0 10 6.7xlO 12 

WORST 5.50 5.8xlO- 5 1. 96xlO· 2 3.5xlO 15 1. 6xlO 19 
REAL 
HIGH 5.50 5.0xlO· 4 1. 96xlO- 2 2.4xlO 18 9.2xl0 22 

PHOSPHATE 

* At Thermodynamic Equilibrium 

[P04]T Represents total phosphate in solution in molesl1 iter 
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These calculations indicate that the anionic phosphate 
complexes of Pu(IV) are highly favored, even at very low 9hospha~e 
concentr~tions. These rel~tionships are described in terms of 
Pu(IV) concentration, which is normally soluble only to 7 x 10-22 M 
at pH 5.5 without complexation. However, even the average phos­
phate concentration (0.5 ppm measured as phosphorus) would result 
in an equilibrium concentration of anionic plutonium of 5.7 x lO-8 M 
tying up only 1.4% of the total phosphate. This would represent a 
limit of B4B nCi/L of Pu-239 (based purely on solubility 
considerations). 

Away from any solid plutonium source, and in the presence of 
normal burial ground soil, the steady state would be shifted by a 
factor of 10 3 (a conservative value of Kd for Pu 4+) decreasing the 
activity of the anionic plutonium to a maximum of about 1000 pCi/L 
of Pu(IV). This shows that while the complexing effects of 
phosphate are very important in terms of radionuclide transport, 
the amount of activity that could be mobilized by normal amounts of 
phosphate is fairly small. This statement is further supported by 
the phosphate analyses which show that phosphate is virtually 
non-existent in most of the groundwater beneath the low-level waste 
trenches. 

Two wells, E-S and E-17, were found to be contaminated with a 
phosphorus containing compound in 19B1. The preliminary analysis 
was done by Inductively Coupled Plasma Emission Spectroscopy, and 
the concentrations were 13-15 ppm phosphorus. However, no 
phosphate was detectable by anion chromatography, indicating that 
these wells were probably contaminated by a TBP solvent spill that 
occurred around that area in 1971. Subsequent analyses performed 
in June 1982, were unable to detect phosphorus in either well. 
This illustrates the importance of obtaining a profile of the 
organic compounds in the groundwater also. 

Summarizing, just the appearance oE phosphate in any of the 
monitoring wells is an anomolous event. rhe median phosphate 
concentration was below the detection limit, and 90% of the wells 
contained less than 0.07 ppm of phosphorus. The effect of 
phosphate on radionuclide migration around the SRP burial ground 
should be minimal as long as these low concentrations do not 
increase by more than an order of magnitude. 

Silicate 

Dissolved silicates appear to have very little aff:ct on 
radionuclide mobility at SRP. At the normal groundwater pH, 
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dissolved silicates are largely in the form of hydrated silica 
5i02 . 2H20, or in common notation, H4Si04. Polymeric forms 
of silica, especially metasilicates, ar~ also prev3lent, but silica 
is considered hydrolyzed for the purpose of simple equilibrium 
calculations. In systems that are more acidic than about pH 10, 
dissolved silica has virtually no complexing strength. 45 At high 
pH, silicates tend to hydrolyze, and react weakly with most 
cations, including sodium, aluminium, potassium, strontium, and 
possibly cesium. These complexes are weak and generally 
unimportant, especially since none of the 643-G wells are 
alkaline. 

Competing Cations 

Sodium 

Chemically, sodium affects radionuclide migration by simply 
raising the ionic strength of the aqueous system. This tends to 
make some salts less soluble, but only a few radionuclides are 
affected by solubility considerations, and these tend to be 
influenced far more strongly by the complexation strength of the 
counterions (anions). The major effect of excessive sodium is to 
enhance the mobility of cationic radionuclides by competing with 
them for ion exchange sites on the soil. 

The highest sodium concentrations were on the order of 0.5 to 
5 percent of the total ion exchange capacity that would normally be 
in the surrounding soil (dry bulk density 2.0, porosity 0.25, ion 
exchange capacity 0.5 meq/lOOg). This is not significantly large 
with respect to the normal calcium concentration because of the 
disparity in their relative soil affinities. spalding16 found the 
calcium selectivity with respect to sodium to be roughly 10 3 for 
soils derived from Conasauga shale (montmorillinite and kaolinite) 
at pH 5. Prout's data13 ,46 can be analyzed to obtain a 
strontium/sodium selectivity of roughly 190 for Savannah River 
Plant soil (20' clay) at pH 5. Therefore, calcium concentration 
tends to be more important than sodium concentration in its effect 
on radionuclide retention where simple ion exchange with the soil 
is involved (eq., Sr-90, Co-60, etc.). 

High concentrations of sodium have long been known to cause 
clay soils such as those at 643-G, to swell, thus decreasing their 
permeability to water. At moderat"ely low concentrations, however, 
sodium may cOmPete for adsorption sites on the soil, thus enhancing 
radionuclide migration. Two important radionuclides that ~ould be 
affected are Sr-90 and Cs-137, both of which are normally adsorbed 
by an ion exchange mechanism. 19 ,47 Cesium is generally adsorbed 
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irreversibly on clays, but sodium or potassium could compete 
somewhat Eor adsorption sites19 . Bigh co~centrations of cationa 
al~o tend to shift the pH ~t which the soil is electrically ne'ltral 
(zero point of charge) to more alkaline (higher) values. This 
reduces or even reverses the electrostatic driving force for cation 
adsorption by the soil. This may have the effect of making the 
kinetics of adsorption slower, and permitting greater transport 
distances, especially for site-specific cations such as cesium. 
Cesium is adsorbed irreversibly on kaolinite once it contacts the 
proper adsorption site, but it can be easily dislodged from less 
specific exchange sites by other cations. 

The statistics of the sodium data are summarized in Table 09. 
The median concentration (5.6 ppm) is slightly below the mean 
(8.3 ppm), and all but one of the wells (1-13) are within three 
standard deviations of the mean. Well 1-13 had about 40 ppm of 
sodium, and four other wells contained 30 ppm or more. Excessive 
sodium would be expected to enhance the mobility of Cs-137, Sr-90, 
and Ru-106 as well as any other radionuclides that are cationic and 
not strongly complexed. There is no definite threshold for these 
effects, but they tend to be nearly additive. That is, solutions 
of high ionic strength are generally better at mobilizing cations, 
even when there are several different species involved. 

Potassium 

Potassium, like sodium, can only affect the migration of 
radionuclides by the mechanism of competing for ion exchange 
sites on the soil. As with sodium, elevated potassium 
concentrations in the groundwater are an indication that chemical -
and possibly radioactive - contamination has migrated from the 
trenches. Potassium, with its smaller (unhydrated) volume might be 
expected to compete somewhat better with cesium for adsorption 
sites on the soil than does sodium. More recent work with SRP 

trench water anQ soil samples tends to support this theory,49 but 
it is not necessarily confirmed in the literature. 19 

One extreme outlier (1-13) was identified among the 
groundwater wells. This well contained more than 50 tilnes the 
median potassium concentration. A re-calculation of the overall 
data distribution without this well reduced the mean from 3.97 to 
2.21 ppm. with the possible exception of Cs-137, which may be more 
affected, high potassium-concentrations are roughly equivalent to 
high sodium with respect to radionuclide mobilization. 

CalciWD 

Calcium is important to radionuclide migration, especially 
with respect to Sr-90. It competes with strontium for ion exchange 
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sites on the soil to the extent that there is virtually no 
selectivity between them. 16 This means that where calcium exists 
in solution, strontium will also, and their exchange ratios Nith 
the soil (Kd's) will be about the same. 

Calcium also affects the formation of complexes by competing 
for complexing ligands. This tends to be beneficial, especially in 
cases where polydentate ligands like EDTA may be present. For 
example, even though EDTA could form a strong, mobile complex with 
Sr-90, calcium in the environment competes so strongly that an 
excess of EDTA-to-calcium would be required to affect the mobility 
of the strontium at all. The calcium-EDTA complex is more than one 
hundred times stronger than the strontium-EDTA complex. 42 
Unfortunately, this competition for EDTA doesn't really help in the 
case of plutonium, which complexes with EDTA considerably more 
strongly than does calcium. 34 

There was a wide range of calcium concentrations in the 
monitoring wells, but calcium was universally detectable. At least 
two values (C-S and A-S) were more than three standard deviations 
from the mean, but this is not necessarily an indication of 
groundwater contamination. The mineralogy of the region around the 
burial ground includes calcareous deposits, which often cause 
calcium concentrations in nearby groundwater to reach 100 ppm or 
more. A sampling of wells in the area around the burial ground 
confirmed the exi"t.;!nce of some locally high concentrations of 
natural calcium. 

Barium, Strontium 

Because they are usually present at such low concentrations, 
barium and strontium do not normally contribute significantly to 
the groundwater chemistry of the burial ground region. At 
subsaturated concentrations they simply provide more competition in 
cation eXChange processes. However, the observation of 21 ppm of 
barium in Well 1-13 proves that at least one of the nearby trenches 
is contaminating the groundwater. 

In spite of the status of its isotope (Sr-90), strontium is no 
more important to radionuclide migration than barium. It is just 
naturally swamped out by calcium, and their chemical similarity 
makes consideration of the far less concentrated strontium 
unncessary. Except for the purpose of modelling strontium in the 
environment, or for tracing unusual sources of contamination, the 
concentration of strontium in these wells is of small importance. 

Iron 

Iron plays an extremely important part in radionuclide 
migration. Its oxides and, to a lesser extent, those of manganese, 
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are considered to be two of the major adsorption substrates for the 
immobilization of radienuclides en sandy soi19. 48 The presence of 
iron in the groundwater is also strong evidence of the influen~e o' 
a nearby waste disposal site, or some other source of chemically 
reducing or strongly complexing contamination. 

At the pH of the groundwater monitoring wells, iron is soluble 
only as FeCII), FeCIII) being soluble to only about 80 ppb at pH 4. 
Therefore, groundwaters that contain iron concentrations in excess 
of about 0.1 ppm and are not overly acidic must be either strongly 
reducing or strongly complexing. Any of these properties can 
enhance the mobility of several radionuclides. lS Recent work with 
SRP soils and water from the burial trenches indicates there is an 
inverse correlation between iron in the trenches and the 
distribution coefficient (Rd) of strontium. 

Wells that are suspected of being contaminated because of 
their high iron concentrations include G-2l, G-7, and C-19. Wells 
I-I, G-9, G-30 and C-5 are also considered high, even though they 
are all less than 1 ppm in iron. 

Magnesium 

Magnesium is another cationic species that contributes to the 
total ionic strength of the natural groundwater. Like calcium, it 
is a chemical analog of strontium, and they can be considered 
together in predicting their effect on strontium migration. 

The average magnesium concentration in the groundwater wells 
was 1.6 ppm, but excluding well G-7, which was 39.9 ppm in 
magnesium, all of the other wells were within three standard 
deviations of the mean. 

CONCLUSIONS 

Burial Ground Performance 

The Low Level Waste Burial Ground at the Savannah River Plant 
CSRP) is operating well within the guidelines set by the Department 
of Energy for such facilities. Furthermore .... ~n~ results of this 
extensive monitoring survey prove that the~ buried there does 
not pose a threat to the environment through groundwater 
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contamination. With the exception of tritium," the radioactivi:"' 
levels in 63 out of the 66 groundwater monit::l!"ing wells a.::e "=,,:: . 
drirtl<ing water standard,; (EPA standards oas;1 on 4 G1'::~Cl e'(=,.')'·:~-' 

Ref 24). 

The anthropogenic activity on the sediments of the moni~or-::·. 
wells was also much less than the natural background from ur-an;": .. : 
and thorium decay products in the soil. 

In addition to the radiochemical determinations, the 
groundwater survey detected seven wells that exceeded EPA drinki,] 
water standards for hazardous but non-radioactive chemicals. 24 
These include two wells that exceeded the 1.0 ppm drinking water 
standard for barium and five that exceeded the 0.3 ppm standard Eor 
iron. No other chemical pollutants were detected at significant 
levels. 

Lonq-Term Radionuclide Miqration from Waste Trenches 

A study was also performed on wells screened at the base of 
the waste trenches. 49 Of the twenty-four trench wells in the 
SRP burial ground, only seven contained perched water. These 
analyzed for the same chemical parameters as in this study. 
distribution coefficients were also determined for Sr-85 and 
with well-characterized soil taken from the burial ground. 

were 
Batch' 

Cs -13 7 

The results of this study prove that, as anticipated, 
"perched" water in the trenches has greater ionic strength and is 
more reducing than the water in most of the groundwater monitoring 
wells. Furthermore, the distribution coefficients of Sr-8S and 
Cs-137 on burial ground soil were generally lower with trench water 
than they were with groundwater. As a result, these isotopes would 
move more slowly as they reached the groundwater. 

The opposite is probably true for long-lived plutonium 
isotopes, at least in the absence of strong organic complexan~5 
(EOTA, OTPA, etc.). The reducing environment of the trenches 
favors plutonium (IV), and plutonium (III), which are highly 
insoluble at near neutral pH and very strongly retained by soil 
(Kd = 10 3 - 10 4 ). Therefore, the predominant tendency of 
plutonium is to remain stationary. Any traces of plutonium that 
eventually reach the groundwater environment would gradually 
disperse, because the higher oxidation potential of the groundwater 
would permit some conversion to Pu (V), with extremely small 
fractions (7.2 x 10-6 at EH = 600 mV) of Pu (VI). The 
traces of Pu (VI) would then be transported as the hydroxycarbonate 

* The behavior of tritium in the groundwater at SRP is known 
extremely well and is described by J. W. Fenimore in 
Reference a. 
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in concentrations that would probably be too small to ~~~3~re 
without preconcentration. 

The process described above should operatd a~ a ." of 
dispersing long-lived plutonium isotopes that reach i:.b'='''lt~r 
table. However, the amount of plutonium that actuall:! ,,,aches 
the water table has been, and will continue to be, li,~~;~d by the 
quantity of available complexant as well as the amO',J(1t ).: ')lutonium 
in the waste. Therefore, the concentration of pluto'1i "," ,': the 
water table will gradually diminish over the long term, ~; the 
soluble complexants are leached away and the less solu'):e ;?lutonium 
is left behind in the trenches. 

A secondary increase in the rate of plutonium transport might 
be postulated to occur later, after the (organic) waste degradation 
products leach away and the trenches become more oxidizing. 
However, even relatively oxidizing rainwater would not favor 
migration unless a complexant anion was available to mobilize Pu 
(IV). Acidic rainfall would keep the plutonium in the Pu (III) and 
(IV) states, and any plutonium that became oxidized would most 
likely remain as Pu (V). Only very small fractions of the total 
would be ever free to move as Pu02(C03)Oa-. 

The most important mechanisms by which the waste in the SRP 
burial ground could contribute to the population dose would be 
through fairly direct pathways, such as plant uptake, intrusion, 
and erosion. 50 The radionuclides with moderate half-ljves (less 
than 100 years) will have decayed away long before they reach the 
perim3ter of the burial ground, let alone the nearest groundwater 
outcrop, a third of a mile away. Radionuclides in this class 
include Cs-137, Sr-90, Co-60, Ni-63, Pu-238, and others. Others, 
like 1-129 and Tc-99, will be around for extremely long pe.iods of 
time but in very dilute concentrations. 

Pu-239, with its poor mobility and 10n9 half-life, will be 
gradually dispersed by the mechanisms described in this paper. 
However, this dispersion will probably not occur rapidly enough to 
dominate other mechanisms of transport (e.g. plant uptake, erosion, 
human intrusion). All of thes~ factors are considered in the 
models that SR~ is using to estimate the potential consequences 
(dose to any member of the population) of scenari~~ that may occur 
as a result of decommissioning the burial ground. 

RECOMMENDATIONS 

Low-level counting should be performed on all groundwate. 
wells in order to complete the evaluation of the overall 
performance of the burial ground and to see if low-level activity 
can be detected in the "suspect" wells as predicted. 
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The volume of the gross alpha and non-';ola:ile beta-gamma 
sampling program could be diminished su!::,t~~:>'.~y. Yearly or 
sOlmi-yeacly surveys should b~ suffici~'l::, ';';' .'.~1.ly if thes,~ 
samples are tested for a few basic che,ni~"i :'.: "Deters (pa, 
conductivi ty, iron and D.O.). 

Finally, the wells should be analyzed E~, Qrganic materials 
that might be capable of complexing plutOtliu.,-.. 
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APPENDIX A 

Analyses 

Anions were d.:c"!:::c,'-"ed by ion Chromatography (IC) with 
conductivity detecti:Jn Dionex, Sunnyvale, CAl. The mobile 
phase was a carbonat", ::;:lUer, so bicarbonate and carbonate 
could not be measure3- cv this technique. Samples were 
filtered with 0.45 micron membrane filters prior to analysis . 

Cations . + + ++ ++ ++ ++ ++ (Na , K , Ca , Sa , Sr , Fe , Mg ) 

Cations were determined by inductively coupled plasma 
(ICP) and/or atomic absorption spectroscopy (AAS). The 
methods were in good agreement for the ions (Ca++, K+, Na+, 
and Mg++) that were measured with both instruments. 
Samples were taken in polyethlene, filtered, and then 
acidified with ultrapure nitric acid prior to analysis. 

Silica 

Silica was determined by ICP as silicon in filtered and 
acidified samples. ,50wever, the acid spike typically 
contained more silic~ than the samrle, so thi~ analySis was 
not precise (± 50i). 

~phate 

Phosphate concentrations below 1 ppm were measur~d by Iep 
as phosphorus inf il tered ar-d acidified samples. 

Dissolved Oxygen (DO) 

Oxygen concentrations were determined with a 
polarographic type (YSI of Model ,57) 00 meter, standardized 
with air. Samples were obtained in glass 00 bottles equipped 
with siphon-type caps. These allowed samples to be taken from 
below the water surface with minimum turbulence. These 
samples were also used in oxidation-reduction potential 
measurements and dissolved carbon measurements. Conductivity 
was measured with the YSI Model .33 (probe Model '3310) 
standardized with KCl in distilled water. 

pH was measured wit.h a Marltson Model '4403 and Sensorex 
S200C glass electrode. 
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APPENDIX A cone'd 

_.~~ation-Reduction Poten~ial 

The oxidation-reduction potential of the well water 
.:a c:;>las was measured wi th an Or ion platinum electrode (Model 
'~S-78) versus the saturated Calomel Electrode (SCE) that is 
~~il~ into the electrode. Results are reported with respect 
~~ tne normal hydrogen electrode (NHE). 

Total Carbon (Organic, Inorganic) 

The organic carbon dissolved in the groundwater was 
measured as the difference between the total carbon (TC) and 
total inorganic carbon (TIC) in each sample. Samples were 
obtained from the dissolved oxygen sample boteles, aud were 
filtered (Gelman AE, glass) prior to analysis. The instrument 
was a Total Carbon Analyzer (Coulometrics Incorporated, Wheat 
Ridge, CO). 
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TABLE Al - ANALfSISSENSITIVITY AND PRECISION 

Reported As 

Ion Chromatography 

ICP 

AA 

P 

Si 
Ca 
Sa 
Sr 
Fe 
Mg 

Na 
K 
Ca 
Fe 

(ppm) 

(ppm) 

(ppm) 

(ppm) 

(ppm) 

(ppm of PO 4) 

(ppm) 
( ppm) 
(ppm) 
(ppm) 
(ppm) 
(ppm) 

(ppm) 
(ppm) 
(ppm) 
( ppm) 

Detection Limit 
(ppm) 

0.05 

0.05 

0.5 

0.5 

0.5 

0.060 

0.030 
0.025 
0.002 
0.001 
0.005 
0.C02 

0.020 
0.030 
0.050 
0.050 

Pracision(CJ") 
<1-5 ppm) 

5% 

5% 

3% 

(5% 

<5* 
<5% 
<5 , 
<5% 
<5 % 
<5% 

<5 ~ 
<5~ 
<5 t 
<5% 
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RADIOCHEMICAL GROUNDWATER DATA 

Table 81 describes the results of routine radiocllemical surveys 
performed on the groundwater monitoring wells from 
1973 through 1980. Units are pCi/L. Dots represent 
analyses that have not been performed (no data). 

The first five headings are low level analyses 
performed in 1980: Pu-239, Pu-238 (with chemical 
separation), Cs-137, Sr-90, and Co-60. Zero values 
were below the routine detection limit for the 
low-level counting facility at SRL «1 pCi/L of 
Pu-238/239; <8 pCi/l of Cs-137/Co-60; <6 pci/L 
Sr-90). 

The second five headings, YEAR 6 through YEAR 0 
represent the gross alpha measurements from 1976 
through 1980. YEAR 36M represents the mean of all 
gross alpha measurements from 1973 through 1976, and 
Slope 1 is the slope (in pCi/L/year) of the data over 
that time. YEAR M is the average of all gross alpha 
measurements made on a particular well, from 1973 
through 1980. Slope 2 is the slope of the gross alpha 
measurements from 1976 through 1980. 

The variables YEAR 6 BG through YEAR 0 BG are the 
non-volatile beta-gamma measurements of the wells from 
1976 through 1980. YEAR MBG is the average of all 
measurements of beta-gamma (non-volatile) for each 
well, and Slope 2BG is the slope of the beta-gamma 
analyses (pCi/L/year) from 1976 through 1980. 



TAllLE 3-1 -. ---. 

5 III 
V Y Y Y Y Y Y L 

. 
E S 5 E E E E E E 0 t' P P C Y Y V Y Y " L V L A A II " II " r w U U 5 S C E E E E E R 0 E 0 R R R R R R E )00 e l Z 1 R 0 A A A A A 3 P A P 6 7 8 , 0 M 2 t""' L 3 3 3 9 6 R R R R R 6 E R E B 8 8 8 B B 8 !J;I 

L , 8 7 D D 6 7 8 9 0 M 1 M 2 G G G G G G G t'I z 
1.-01 D a 1 1 1 0 0 0.6 -0.4 0.6 -0.25 20 40 30 5 10 21.0 -2.50 t'I · • · u. A-03 0 11 0 30 0 1 1 2 1 0 0.6 0.5 1.0 -0.25 620 200 100 82 66 213.6 -138.50 H' 
A-OS 3 5 3 5 4 3.6 0.9 4.0 0.25 30 60 20 13 7 27.0 -5.75 q 
A-07 . 1 0 0 1 3 0.5 -0.4 1.0 0.50 10 60 10 20 3 20.6 -1. 75 Ul 

A-Of 0 0 0 0 0 Z it 1 " 1 1.6 -0.1 2.4 -0.25 20 40 10 20 9 23.8 -2.75 
4-11 2 1 " 1 0 0.8 0.1 1.6 -0.50 'i0 30 30 8 3 22.2 -9.25 
A-19 1 2 2 0 1 0.6 0.0 1.2 0.00 20 50 40 14 4 25.6 -4.00 
A-Zl 1 1 1 1 1 0.7 0.0 1.0 0.00 30 30 50 19 5 26.8 -6.25 
A-2l 1 2 1 2 0 1.1 0.0 1.2 -0.25 30 50 20 13 11 24.8 -4.75 
A-32 3 0 2 1 2 1.5 0.1 1.6 -0.25 30 60 30 16 2 27.6 -7.00 
A-34 1 1 1 1 1 1.0 0.0 1.0 0.00 50 20 30 19 9 25.6 -10.25 
11-36 · . 2 1 1 1 I 0.11 -0.2 1.2 -0.25 15 7 1 1 1 5.0 -3.50 
C-Ol 2 " 0 1& 0 2 1 1 0 0 1.5 -0.6 0.8 -0.50 'i0 20 20 3ft 28 28.ft -1.00 
C-03 0 z 0 0 0 1 1 Z 1 1 0.8 -0.3 1.6 0.00 30 30 20 10 17 21.4 -3.25 
C-05 1 0 3 1 1 0.5 -0.2 1.2 0.00 10 10 50 10 ft 2ft.1I -6.50 
C-07 0 1 1 1 1 0.8 -0.1 o .11 0.25 10 40 30 2 11 1S.6 0.25 
C-O'l 1 2 1 0 1 1.2 -0.3 1.0 0.00 6 10 2 2 3 4.6 -0.75 I • C-11 . 1 1 1 0 1 I.Z -o.z 0.8 0.00 1 5 1 0 1 1.6 0.00 '" C-ll 0 0 5 4 3 3 1 2.a 0.1 3.6 -0.50 60 51 120 1& 7 51.2 -13.25 go 

C-15 2 2 0 7 0 15 38 161 54 8 8.5 0.3 SS.l -1.75 'iO 70 3100 167 17 6711.8 -5.75 I 
C-17 0 a 0 a 0 3'0 ft7 ftl 2 12 104.0 28.3 98.4 -94.50 110 130 30 15 2 57.4 -27.00 
C-19 1 0 1 1 1 0.6 -0.2 0.8 0.00 3 7 0 1 5 3.2 0.50 
C-21 1 3 3 3 2 1.3 0.0 2.4 0.25 40 SO 40 5 4 27.8 -9.00 
C-21 1 0 1 1 1 0.6 0.0 0.8 0.00 1 2 0 0 0 0.6 -0.25 
C-30 3 1 Z 1 2 1.1 -0.1 1.8 -0.25 30 50 40 16 5 28.2 -6.25 
C-32 2 2 1 1 2 1.8 0.0 1.6 0.00 7 8 3 1 8 5.'i 0.25 
C-34 2 2 1 1 1 1.5 0.0 1.8 -0.25 10 60 SO 72 42 46.8 8.00 
C-36 0 0 1 1 1 0.6 0.0 0.6 0.25 8 3 7 1 1 'i.0 -1. 75 
E-Ol 1 2 3 1 2 1.8 0.5 1.8 0.25" 5 40 30 17 17 21.8 3.00 
E-03 3 2 3 1 1 2.2 -0.4 2.0 -0.50 10 40 20 12 21 20.6 2.75 
E-05 1 2 0 3 2 2.6 -0.6 1.6 0.25 30 30 20 20 7 21.4 -5.75 
E-07 4 3 3 1 1 3.5 -0.9 2.4 -0.75 20 !I 10 19 5 11.4 -1.75 
E-09 · . · 1 0 1 0 1 1.0 -0.1 0.6 0.00 3 5 4 1 2 3.0 -0.25 
f-13 0 0 0 0 0 1 4 2 1 1 0.6 0.1 1.8 0.00 30 10 40 0 5 17 .0 -6.25 
E-15 . · 0 0 2 2 2 1.2 1.2 1.2 0.50 ~o ~O 40 10~ 7~ 59.6 8.50 
E-17 0 0 10 0 13 61 18 1 1 0 14.7 6.2 20.2 -15.25 110 120 40 13 22 61.0 -22.00 to 
E-19 0 0 1 0 1 0 0 0.6 0.1 O.~ -0.25 20 30 20 14 9 18.6 -2.75 

..., 
Ul E-21 1 1 1 1 1 0.4 -0.1 1.0 0.00 2 5 2 0 1 2.0 -0.25 .., 

E-23 1 1 1 1 2 0.7 0.1 1.2 0.25 20 30 10 23 0 16.6 -5.00 I 
E-30 1 1 1 1 1 1.0 -0.1 1.0 0.00 10 10 5 2 a 11.0 -5.50 CX> 

E-32 3 2 3 1 4 2.1 0.2 2.6 0.25 35 30 20 9 37 26.2 0.50 w 
I E-34 1 1 1 1 1 1.0 0.11 1.0 0.00 50 10 10 20 12 24.4 -9.50 IV 

E-36 2 2 2 1 2 1.7 0.0 1.8 0.00 20 40 50 H 5 25.8 -3.75 0 
G-Ol 1 4 1 1 0 0.8 -0.1 1.4 -0.25 30 30 10 19 0 11.8 -7.50 '" G-03 1 1 1 1 2 1.5 0.6 1.2 0.25 30 30 20 35 0 23.0 -7.50 
G-05 2 1 1 1 1 1.8 -0.5 1.2 -0."25 SO 30 10 23 1 22.8 -12.25 
Q-07 1 2 0 2 1 1.2 0.2 1.2 0.00 20 50 '0 45 15 32.0 -) .:"~ 
G-09 2 1 4 2 2 1.4 -0.2 2.2 0.00 30 40 10 7 2 J .4 -'j.7'J 
r,-ll , :5 , 2 4 ? ~ 0 0 , 0 O.7'i ~o lO ~ 1 (, ''1.0 - I I ' " 



t'l 

t"' . 
TABLE-Bl (Coot'd) ;po 

t"' 
Dl 
Pl 
Z 
Pl 
U, 
H 

S 
q 
U. 

Y Y Y Y Y Y Y l 
E 5 5 E E E E E E 0 

P P C Y Y Y Y Y A l Y l A A A A A A P 
W U U S S C E E E E E R 0 E 0 R R R R R R E 
E 2 2 1 R 0 A A A A A 3 P A P 6 7 8 9 0 ~1 2 
l 3 3 3 9 6 R R R R R 6 E R E B B B B B 8 8 
L 9 1\ 7 0 0 6 7 1\ 9 0 M 1 M 2 G G G G G G G 

6-15 1 1 1 1 1 0.7 -0.2 1.0 0.00 2 10 3 0 0 3.0 -0.50 
G-17 0 0 1 1 2 1 1 0.7 5.2 1.2 0.00 30 30 70 11 13 30.8 -4.25 
G-19 1 1 0 1 0 0.5 -0.1 0.6 -0.25 20 10 6 1 1 7.6 -~.75 
6-21 4 17 16 1600 0 1~ 52 5~ ~2 33 117.6 -13.5 39.0 ~.75 HO 120 90 294 452 219.2 711.00 
G-Z3 1 1 1 0 0 1.0 -0.1 0.6 -0.25 14 ~ 0 2 4 ~.8 -Z.50 
6-2S 2 1 1 1 1 0.8 -1.5 1.2 -0.25 10 7 1 1 3 4.4 -1.75 I 

G-30 0 1 2 2 1 0.7 -0.1 1.2 0.25 25 40 20 3 4 18.4 -5.25 '" '" 6-32 2 1 0 2 2 1.1 0.2 1.4 0.00 20 30 20 2 28 20.0 2.00 I 
G-34 0 0 2 I I I I 1.1 0.1 1.2 -0.25 20 30 30 14 17 22.6 -0.25 
6-36 1 0 1 0 0 1.0 -0.3 0.4 -0.25 1 6 0 0 0 1.4 -0.25 
1-01 0 0 4 2 3 1 6 1.4 0.4 3.6 0.50 10 30 40 10 36 25.2 6.50 
1-03 . 3 2 6 " 4 2.2 0.1 3.8 0.25 30 30 50 14 14 27.6 -4.00 
1-05 0 0 1 1 1 0 1 1.0 0.0 0.8 0.00 30 90 20 9 18 33.4 -1.00 
1-07 0 0 1 1 0 2 0 1.2 -0.6 0.8 -0.25 10 10 30 111 2 18.0 -2.00 
1-09 0 2 0 0 0 2 1 1 1 0 1.6 -0.9 1.0 -0.50 30 30 10 12 2 16.8 -7. 00 
1-13 0 2 10 19 0 22 16 16 2 18 26.5 -0.2 14.8 -1. 00 340 320 1110 46 130 201.2 -52.50 
1-15 . " 1 2 1 1 2.1 0.2 2.6 -0.25 50 30 30 24 26 32.0 -6.00 

I 
1-17 JI 2 0 0 0 5 5 5 1 3 4.0 0.1 3.11 -0.50 30 80 30 27 33 40.0 0.75 



E. L. ALBENESIUS -6C- DPST-83-209 

Iacle 82 is a stacistical suwmary of che radiocGemical data. 
variables are as explained in Table 1. 



TABLE B-2 

VARIABLE H MEAH STAIIDARD MIHIMUM 
DEVIATIOH VALUE 

"UZ39 12 0.66666667 1.302677119 0.00000000 
'U238 12 3.50000000 5.21361853 0.00000000 
CS131 • 20 1.80000000 .... 53156253 0.00000000 
5R90 12 139.50000000 "60.05049130 0.00000000 
C060 20 0.65000000 2.906881137 0.00000000 
YEAR6 61 9.01492537 41.91516889 0.00000000 
YEAR1 67 .... 26865612 10.35311707 0.00000000 
fEARB 67 5.62686567 20.93261405 0.00000000 
tEAR9 67 2.6116"179 8.13966129 0.00000000 
YEARO 67 2.35820896 4.70551855 0.00000000 
YEAR 36M 67 .... 83582090 16.54477581 0.40000000 
SlOPEl 67 0.33731343 3.99191143 -13.50000000 
YEARM 67 4.78805970 14.31147737 0.40000000 
SlOPE2 67 -1.66"'17910 11. 68304199 -94.50000000 
fEAR6BG 67 41.76119403 114.91162310 1.00000000 
YEAR7BG 67 ftl.98507"'63 48.28215447 2.00000000 
tEARIIBG 67 73.95522388 376.411507688 0.00000000 
YEAR9BG 61 22.1343283& 42.15118128 0.00000000 
YEAROBG 67 17.811059701 57.330123117 0.00000000 
YEARHBG 67 !9.94328358 89.62285833 0.60000000 
SlOPE211G 67 -5 .... 701 ... 925 20.99037128 -1311.50000000 

MAXIMUM STD ERROR 
VALUE OF MEAH 

4.0000000 0.31605012 
17.0000000 1. 50504203 
16.0000000 1.01 ... 62983 

1600.0000000 132.80513750 
13.0000000 0.65000000 

390.0000000 5.115316956 
52.0000000 1. 26"90 786 

161.0000000 2.55733316 
5 .... 0000000 0.99441863 
33.0000000 0.574117792 

104.0000000 2.02126607 
211.3000000 0.48769033 
98.4000000 1.14915826 

4.7500000 1.42731075 
620.0000000 10.314331183 
320.0000000 5 .89860398 

3100.0000000 45.99497265 
294.0000000 5.22288806 
"'52.0000000 7.003911938 
678.8000000 10.949174110 

711.0000000 2.56438200 

SUr1 

11.0000000 
42.0000000 
36.0000000 

1674.0000000 
13.0000000 

604.0000000 
286.0000000 
377 .0000000 
179.0000000 
158.0000000 
324.0000000 
22.6000000 

320.80000PO 
-111.5000000 
27911.0000000 
2813.0000000 
4955.0000000 
1483.0000000 
1332.0000000 
2676.2000000 
-366.5000000 
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E. L. ALBENESIUS -62-

APPENDIX C 

CHEMICAL DATA 

(INCLUDING TABLES Cl AND C2) 

DPST-93-209 



e. L. ALBENESIUS -63- DPs'r-S3-209 

Table Cl gives the average value of each chemical parameter 
for each well. Units are given. See Appendix ~ fo~ 
analytical details. 



TABLE Cl 

WELL F 
(p~ 

Al 0.00 
A3 0.00 
A5 0.20 
All 0.00 
A19 0.50 
A21 0.10 
A23 0.00 
A32 0.00 
A34 0.00 
A36 0.08 
Cl 0.00 
C3 0.05 
C5 0.06 
C7 0.03 
C9 0.42 
Cll 0.00 
C13 0.09 
CIS 0.40 
el7 0.10 
e19 0.00 
e21 0.09 
C23 0.05 
C30 0.02 
C32 0.33 
C34 0.02 
C36 0.11 

- BURIAL GROU~D MONITORING WELL ANALYSES ( 1960-1962) 

CL N03 S04 P04 SI NA K C/\ 
(ppm) (~_) ..J..I2pm) (ppm) (ppm) (pP!!!_) __ I PP!!!_) _~PP'!' l 
2.40 6.0 3.70 0.040 5.55 5.750 1. 30 19.20 
3.10 5.8 5.20 0.020 4.60 2.800 0.92 19.60 
1. 60 3.4 15.80 0.070 15.70 21. 600 6.60 92. 30 
0.90 3.3 0.70 0.040 3.70 1. 700 18.40 0.67 

10.40 0.6 0.60 0.010 2.70 4.600 0.45 3.10 
1. 70 4.1 0.70 0.020 3.00 2.300 0.30 2.30 
2.70 11.1 0.20 0.020 2.90 5.600 0.33 0.09 
2.90 15.6 0.30 0.020 2.60 6.900 0.18 0.12 
2.60 14.4 0.07 0.030 2.60 7.400 0.34 3.10 
7.30 16.1 0.60 1. 800 3.39 5.320 1. 57 0.89 
3.50 12.9 2.20 0.000 4.00 2.900 0.50 9.30 
7.50 2.6 16.40 0.030 15.70 31.900 2.99 44.60 
4.40 10.2 24.00 0.070 10.50 9.700 4.21 102.30 
5.80 8.3 1. 30 0.025 4.90 4.200 1. 22 7.50 
7.00 0.0 2.60 0.000 0.06 36.800 5.16 17.20 
1. 00 9.4 2.00 0.000 3.28 1. 600 1. 48 1. 80 
3.80 14.3 0.20 0.010 3.60 2.550 2.24 0.85 
3.10 4.9 3.50 0.000 3.10 4.000 1. 23 7.50 
2.70 7.1 3.80 0.000 2.16 6.400 2.84 2.15 
4.20 0.0 0.00 0.000 1. 59 2.270 0.77 3.88 
2.10 4.0 0.20 0.000 3.86 1.718 0.89 0.40 
1. 95 7.2 0.70 1. 600 4.28 4.010 1. 07 7.82 
5.60 11.5 0.30 0.000 2.86 4.300 1.07 O. 18 
5.80 13.2 3.20 0.000 3.38 5.550 1. 34 1. 91 
5.60 13.4 0.20 0.010 2.92 6.060 0.95 0.32 
2.40 6.7 0.60 0.00 3.34 3.610 0.75 O. 34 
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TABLE Cl - BURIAL GROUND MONITORING WELL ANALYSES 

wELL SA SR FE MG 00 TEMP COND 
(~~m) (~~m) (~~m) (el:!m) (~ 02) ( ·C) (,..mho/cm) 

Al 0.030 0.120 0.020 0.80 6.7 18.0 • 105 
A3 0.020 0.100 0.020 0.60 5.6 15.0 138 
AS 0.090 0.600 0.010 3.40 5.7 IB.5 360 
All 0.010 0.005 0.020 0.03 B.3 18.5 55 
A19 0.010 0.020 0.010 0.57 8.6 20.0 31 
A21 0.000 0.040 0.000 O.lB 8.0 20.0 20 
A23 0.010 0.001 0.010 0.25 8.2 20.0 30 
A32 0.010 0.001 0.000 0.27 8.6 20.0 35 
A34 0.020 0.008 0.020 0.36 4.6 19.0 60 
A36 0.170 0.120 0.000 0.15 5.6 21. 0 50 
C1 0.010 0.030 0.040 2.90 4.8 18.0 55 
C3 0.090 0.290 0.040 2.37 7.9 19.0 130 
C5 0.030 0.610 0.610 2.37 4. 4 19.0 170 
c7 0.020 0.370 0.070 0.95 6.6 19.0 25 
C9 0.170 0.330 0.150 3.15 2.4 21. 0 250 
Cll 0.240 0.130 0.046 0.74 6.3 21. 0 20 
Cll 0.020 0.010 0.010 2.20 7.4 17.0 38 
CIS 0.012 0.017 0.020 0.75 6.0 19.0 20 
Cl7 0.040 0.060 0.020 0.34 8.6 19.0 35 
C19 0.240 0.000 H.320 0.00 2.7 22.0 100 
e21 0.010 0.003 0.040 0.14 8.4 19.0 15 
e23 0.240 0.010 0.000 0.38 6.1 21. 0 30 
nO 0.014 0.002 0.020 0.35 Il. 4 19.0 35 
en 0.000 0.010 0.000 0.51 6.5 21. 0 40 
C14 0.010 0.190 0.010 0.22 6.6 20.0 30 
C36 1. 200 0.500 0.000 0.17 6.3 19.0 25 

,,-

( 1980-1982) 

mV rl'C TOC 
~H (Vs. NHEl iI2l2mc_' ! QQmc l 
6.11 601 27.6 3.7 
6.95 547 14.1 0.0 
6.Bl 507 71.1 0.0 
4.90 553 14.9 0.0 
5.65 552 29.0 0.0 
5.22 558 9.8 0.0 
4.79 565 10.5 5.6 
4.72 571 10.4 5.2 
6.02 544 17.5 0.4 
4.24 541 4.0 4.0 
5.77 533 13.0 0.0 
6.14 394 56.5 0.0 
6.86 379 63.5 0.0 
5.61 392 63.5 0.0 
6.64 471 45.0 6.0 
5.04 582 11. 0 11. 0 
5.00 683 8.7 0.0 
5.80 448 10.0 0.0 
5.23 4n 28.0 20.9 
6.04 345 8.0 0.0 
4.52 447 29.5 18.0 
5.40 541 7. 0 0.0 
4.22 456 31. 5 12.1 
4.67 581 1.0 0.0 
4.61 452 15.0 8.0 
4.63 563 4.0 3.0 

'rIC 
(~l2mcl 
23.0 
14.1 
71. 1 
14.9 
29'.0 
9.8 
4.9 
5.2 

17.1 
0.0 

13.0 
56.5 
63.5 

9.0 
39.0 
0.0 
8.7 

10.0 
7. 1 
8.0 

11.5 
7.0 

19.4 
1.0 
7.0 
1.0 
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TABLE_~l - _~UR!AL GROUND MON1'l'ORING WELL ANALYSES ( 

WELL F CL N03 S04 P04 SI NA 
_____ lEpm) (P12!!!_) _( EEm ) (EEm) (EEm) (EEm) (EEm) 
El 0.20 2.50 2.9 3.80 0.00 3.63 4.21 
E3 0.40 2.40 8. 3 1. 90 0.00 3.81 4.29 
E5 0.02 9.00 14.6 1. 80 15.10 6.61 1.90 
&7 0.01 4.10 16.0 0.06 0.01 3.00 2.90 
&9 0.00 4.00 16.2 0.00 0.00 5.93 4.47 
E13 0.00 1. 20 7.8 0.70 0.00 4.00 2.20 
E11 0.40 3.80 10.5 111. 00 13.70 5.52 30.00 
E19 0.05 5.90 13.9 5.20 0.00 6.00 10.00 
E21 0.00 2.00 10.6 1. 80 0.00 3.09 4.69 
E23 0.00 3.10 8.1 1.00 0.00 2.48 4.00 
E30 0.00 3.80 16.5 1. 20 0.00 3.74 6.52 
E32 0.00 9.20 25.2 0.00 0.00 4.02 1;91 
E34 0.00 1. 70 12.6 0.00 0.00 3.42 5.89 
E36 0.00 5.40 11.7 0.00 0.00 2.85 5.89 
G1 0.00 2.60 . 9.6 3.50 0.00 4.47 3.61 
G3 0.09 1.10 13.6 2.00 0.00 4.31 4.24 
G5 0.14 4.20 1.1 2.90 0.00 4.88 4.57 
G1 0.00 45.00 0.1 0.50 0.00 5.18 32.20 
G9 0.10 5.20 1.2 21.00 0.00 5.71 11.00 
G13 0.20 4.30 13.8 1. 30 0.00 4.12 2.91 
G15 0.00 2.00 16.8 1. 60 0.00 4.52 5.15 
G17 0.20 4.40 11. 2 1. 00 0.00 2.50 14.75 
G19 0.00 3.70 5.4 3.30 0.00 3.15 4.80 
G21 0.00 33.00 1.5 5.40 0.00 1. 64 6.00 
G23 0.10 4.40 0.5 3.10 0.00 6.38 4.30 
G28 0.15 4.10 12.0 0.70 0.00 3.18 5.17 

1980-1982) 

K CA 
(EEm) lEI'1!l 
1.12 32.80 
2.50 42.50 
3.14 8.50 
1. 67 1. 98 
1. 96 19.10 
0.90 1. 30 

10.40 56.00 
1.33 29. 30 
1.13 0.20 
1.19 0.10 
0.17 I. 49 
1. 90 2.25 
0.98 3.30 
0.84 2.04 
1. 05 5.0~ 

3.11 10. 30 
1. 21 1.94 
2.80 38.60 
8.50 16.00 
4.19 0.50 
0.91 1.13 
0.85 0.35 
2.65 4.61 
0.91 3. 30 
2.82 105.00 
1.11 1. 93 
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TABLE C1 - BURIAL GROUND MONITORING 

WELL F C1 rlO3 S04 
(~~m) (~[lm) (['[1m) ([I[lm) 

GJO 0030 3.40 8.6 4.80 
GJ2 0.29 1. 85 14.8 0.20 
GJ4 0.00 1. 30 18.2 0.30 
GJ6 0.22 3.80 14.1 2.00 
II 0.10 9.70 22.0 3.10 
IS 0.00 2.40 5.5 2.50 
17 0.00 7.00 0.0 2.70 
19 0.00 3.20 14.0 7.20 
IlJ 0.30 152.00 14.8 0.40 
IlS 0.10 35.00 28.0 0.00 
II7 0.10 16.30 12.4 0.50 

WELl, ANALYSES 

P04 SI 
(~~m) (~~m) 
0.00 2.57 
0.00 3.45 
0.00 3.07 
0.00 3.00 
0.20 4.72 
0.04 5.57 
0.00 4.52 
0.00 5.92 
0.00 2.49 
0.00 1. 04 
0.00 2.55 

1980-19821 (Cont'd) 

NA K CA 
(~[lm) (~[lm) ~~!. 
6.03 1. 91 23.70 
6.39 0.19 0.40 
6.50 0.26 0.65 
6.30 0.44 1. 05 

.10.90 1. 44 21. 80 
4.60 0.80 6.50 
7.30 1. 20 9.30 
5.70 1. 20 17.70 

40.10 110.00 6.40 
19.20 3.70 4.30 

5.10 4.70 3.10 
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1'ABLE Cl - BURIAL GROUND MONITORING WELL ANALYSES 

WELL SA SR FE Me 00 TEMP COND 
(ppm) (ppm) (ppm) (ppm) (ppm O

2 
) DC ;tmha/cm PH 

El 0.050 0.070 0.020 1.10 7.0 17 120 6.60 
E3 0.080 0.120 0.010 1.16 6.7 20 138 6.25 
E5 0.050 0.050 0.010 1. 86 7.1 20 45 5.24 
E7 0.010 0.020 0.020 1. 70 7.9 20 30 2.38 
E9 0.000 0.070 0.016 1. 04 6.5 21 40 3.88 
E13 0.001 0.008 0.000 0.43 8.4 20 20 2.91 
E17 0.006 0.210 0.000 0.59 6.0 21 310 6.54 
E19 0.020 0.140 0.000 0.62 5.6 17 76 7.17 
E21 0.500 0.000 0.023 0.26 6.0 21 30 4.:\.8 
E23 0.060 0.005 0.000 0.42 5.3 21 25 4.15 
E30 0.830 0.140 0.000 0.43 2.0 21 40 4.07 
832 0.830 0.010 0.000 1. 12 2.6 21 47 4.31 
E34 0.830 0.170 0.000 0.34 4.9 21 35 4.95 
836 0.830 0.010 0.000 0.34 7.5 21 40 5.39 
G1 0.920 0.030 0.000 0.45 7.2 21 55 5.70 
G3 0.500 0.040 0.012 0.79 4.6 21 70 5.69 
G5 0.420 0.060 0.008 0.28 5.5 21 67 5.39 
G7 0.670 0.420 60.600 39.90 1.5 21 530 6.48 
G9 0.670 0.200 0.220 3.53 4.4 21 140 5.83 
G13 0.500 0.000 0.015 1. 51 4.5 20 55 4.27 
G15 0.190 0.019 0.013 0.68 5.5 21 46 4.69 
G17 0.020 0.010 0.018 0.66 7.4 18 60 5.44 
G19 0.038 0.019 0.027 0.77 6.2 21 65 6.26 

1980-1982) 

MV TC 
VS. NHE (ppmc) 

499 40.0 
402 60.5 
423 42.0 
478 9.0 
588 10.0 
491 9.5 
598 4.5 
491 14.4 
495 11.0 
448 8.5 
546 5.0 
541 0.0 
567 3.0 
497 0.0 
536 5.0 
430 11. 0 
492 7.0 
172 93.0 
264 27.0 
543 0.0 
538 5.0 
668 0.0 
556 1105 

'roc 'fIC 
(ppmc) (ppmc) 

10.1 29.9 
11.9 48.6' 

3. 9 38.1 
5.0 4.0 

10.0 0.0 
4. 3 5.2 
O. 4 4.1 
0.2 14. 2 

10.0 1.0 
3. ] 5.2 
3.0 2.0 
0.0 0.0 
0,0 3.0 
0.0 0.0 
0.0 5.0 
0.0 11. 0 
0.0 7.0 

45.0 40.0 
9.0 18.0 
0.0 (J.O 
{J.O 5.0 
{J.O 0.0 
4.0 7.0 
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TABLE C1 - BURIAL GROUND MONITORING WELL ANALYSES 

WELL SA SR FE MG DO TEMP COND 
(ppm) (ppm) (ppm) (ppm) (ppm O2 ) °c ",mho/em PH 

G21 0.390 0.020 112.900 4.30 2.9 21 500 5.03 
G23 0.010 0.510 0.000 1.10 1.7 21 270 6.26 
G28 0.380 0.010 0.000 0.14 4.4 21 35 5.15 
G30 0.380 0.190 0.670 0.41 5.5 21 92 6.45 
G32 0.000 0.000 0.030 0.37 4.7 18 35 4.62 
G34 0.150 0.010 0.000 0.40 8.7 18 28 5.19 
G36 0.000 0.090 0.000 0.41 7.2 21 30 3.45 
11 0.000 0.040 0 .. 840 1. 50 3.8 17 85 5.40 
15 0.000 0.030 0.030 0.71 2.5 15 45 5.40 
I7 0.240 0.030 0.060 0.92 3.4 17 45 5.60 
I9 0.000 0.060 0.015 0.89 2.8 16 90 5.50 
Il3 21. 100 0.480 0.034 2.70 7.5 17 450 5.36 
115 0.700 0.280 0.010 7.60 4.2 17 70 6.41 
117 2.400 0.030 0.010 2.40 9.0 17 105 5.87 

1980-1982) 

MV TC TOC 
vs. NHE (ppmc) (ppmc) 

369 245.0 225.0 
497 37.0 0.0 
534 3.0 0.0 
451 21. 0 4. 0 
546 3.0 0.0 
624 3.0 0.0 
558 4.0 4.0 
662 23.0 16.0 
653 12.0 6.U 
642 18.0 8.U 
634 9.0 3.ll 
589 2.0 1.0 
411 5.0 o.u 
609 4.0 1.6 

"1' IC 
(ppmc) 

----
20.0 
37.0 

3.0 
17.0 

3.0 
3. 0 
0.0 
7.0 
6.0 

10.0 
6.0 
1.0 
5.0 
2. 4 
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E. L. ALBENESI0S -70-
OPST-83-209 

Table C2 C0mp~r!3 c~~ coefficient of v.ri.~ion of the ov!r~ll 
groundl;at2~ ~hemi3try IC.V. all wells) with that of 
the individual wells as a function of time IC.V. each 
'Nell) • 

C.V. all wells is equal to the standard 
de'dation/mean of all 63 well measurements taken 
together (see also Appendix OJ. 

C.V. each well is the average of the coefficient$ of 
variation calculated for multiple analyses of 
individual wells, consisting of 3 or more 
m@asurp~ents. Measurements were oade on separate 
samples tll.icen lit intervals of 1-10 months, within one 
lS-month period. 

.·, ••. ,W"',, 



E. t. ~LBENESrUS -71- DPs'r-83-209 

COEFFICIENTS OF VARIATION 

c.v. C. V. 
PARAMETER ALL WELLS EACH WELL (18 MONTHS) 

F 135 20 
Cl 244 17 
N03 62 14 
504 315 81 
P04 490 ,. 
Si 62 23 
Na 107 15 
K 354 31 
Ca 173 37 
Sa 457 51 
Sr 140 24 
Fe 534 * 
Mg 295 29 
DO 35 12 
TEMP 9 ,. 
COND 122 30 
PH 18 11 
MV 18 27 
'rIC 124 ,. 
Toe 371 ,. 

,. Insufficient data to estimate C.V. ror this parameter. 



E. L. ALBENESIUS -72- DPs'r-83-209 

APPENDIX D 

srA'rISTICAL SUHHARY CF 643-G GROUIlDiiATER CtlEMISTRY 

(I~CLUDI~G TAdLeS 01-022) 



E. L. ALBENESIUS -73- DPs'r-83-209 

Table Dl gives the standard statistics for the 63 groundwater 
monitoring wells. The top part of the table includes 
all wells, while the bottom part is a modified 
version derived by excluding observations that more 
than three standard deviations from the mean of the 
original data and recalculating the distribution. 

N = the number of observations (wells) used in calculating the 
distribution; other statistical parameters have their 
usual meanings (e.g., C.V. = coefficient of variance) 

Table 02 gives the distribution of all of the groundwater 
wells, eliminating the zero values for statistical 
reasons. (This table was provided simply for 
comparison, since this statistical approach was not 
used. ) 

* Please note that the units of each variable are as described in 
Appendix C,generally mg/L (ppm). The significant figures qucted 
in these tables are artifacts of the mathematics of the data 
analysis and are not meant to imply anything about the preci­
sion, which was typically 2 to 3 significant figures, depending 
on the technique. 



~. ~. ; ..... at::~~J 1U':; -7+- DP.;r-a3-~a9 

TA.B.Li P.-.I 
,\LL GIJ DATA 

':I.RUBLE N I1EAN STANDARD MINIMUM MAXIMUI1 STD ERROR SUM VARIANCE C .. . , 
DEVIATION VALUE VALUE Of MEAN 

F 63 0.89714216 0.150M624 0.00000000 0.50000000 0.01640500 6.120000 0.017121 134.6?'. 

Cl 63 8.19206349 19. 9~57654 0.90000000 152.00000000 2.51580417 516.100000 393.7HOH 243.75'· 

1103 63 10.00634921 6.18869607 0.00000000 20.00000000 0.77970242 630.400000 38.299959 61 .04;; 

504 U 4.57914127 14.41041392 0.00000000 111.00000000 1.U555032 2as.530000 2U7.662047 314.650 

P04 63 0.52166667 2.55397997 0.00000000 15.10000000 0.32177123 32.065000 6.522014 'rl9.sa:.. 
51 63 4.18396125 2.61033834 0.04000000 

,. 15.70000000 0.32881172 263.590000 6.813066 62. 3t? 

HA 63 8.15092063 a.6889a579 1.60000000 40.10000000 1. 09470931 512.240000 75.493474 106.163 

K 63 3.9196&254 13.86&07729 0.18000000 110.00000000 1.74721351 246.940000 192.323568 353.006 

CA 63 13. 369523al 23.07215837 0.09000000 105.00000000 2.906Ua73 &42.280000 532.324492 172.57! 

SA 63 0.5U47619 2.65754960 0.00000000 21.10000000 0.334U979 36.633000 7.062570 457.03~ 

SR 63 0.11393651 1.15951802 0.00000000 0.61000000 0.02009748 7.178000 0.025446 140.007 
,FE 63 3.007aaas9 16.06684641 0.00000000 112.80000000 2.02423230 189.497000 250.143553 534.1)7 

I1G 63 1.71396025 5.05264336 0.00000000 39.90000000 0.63657323 107.900000 25.529205 294.792 

DO 63 5.9015&731 2.04722409 1.50000000 9.00000000 0.25792599 371.800000 4.191126 34.689 

TEIIP 63 19.47619048 1.71903145 15.00000000 22.00000000 0.21657761 1227.000000 2.955069 8.826 

COIID 63 93.11111111 113.91U8557 15.00000000 530.00000000 14.35207775 5066.000000 . 12976.014552 122.344 
PH n 5.31825397 O. "US124 2.38000000 1.17000000 o .IZZ1019Z 335.050000 0.949750 1I.32~ 

11V 63 513.0158130Z 94.4787&957 172.00000000 603.00000000 11.90320064 32320.000000 8926.241619 18.41. 
IC 63 20.0S073016 3~.43652709 0.00000000 245.00000000 4.33859461 13H .100000 llaS.a74390 165.0'H 

TOC 63 7.72380952 28.71917261 0.00000000 22S.00000000 3.61827565 406.600000 824.790&76 l71.8ZI 
IIC 63 1l.1l4920U 16.3~0&5676 0.00000000 71.10000000 2.0S875~~~ 827.500000 267.023600 124.40& 

ow DATA WITH 3-SIGI1A VALUES I1ISSING 

VAI'UlLE N I1EAN STANDARD "INI"UI1 "AXI"U" STD ERROR 5UI1 VARIANCE C.V • 
. DEVIATION VALUE VALUE Of I1EAN 

f 62 '.'''''516 '.12123515 ..... 0 .. 00 '.4Z800011 0.01539687 5.6Z .... 0.014"" 135.747 
.CL 62 5.&725&165 7.79643507 0.90000000 45.0'000000 1.99014824 S".1I0000 6D.704S99& 132.760 
1/03 63 II. 8063HZ 1 6.11169607 '.00001000 2&.00000000 '.77970242 63 •• 400000 S8.2'99'" 6\.148 
504 62 2 .&63S&n. 4.73413035 '.00000000 24.00010000 '.61123515 177. ~3D01O 22.4119901 165.331 
r04 61 '.06663934 0.S15I1126 0.00000000 1.&0000000 0.03907446 4.065000 0.0931356 457. tH 
51 61 3.8063UH 1.57334185 '.80000000 10.50000000 0.20144655 Z52.190000 2.4754234 41.314 
1/4 61 7.10406557 6.65077767 1.60000000 32.50000000 0.0515H&Z 43S.S48000 44.2328436 U.6H 
K 62 2.20&70960 2.13284058 0.18000000 18.40000000 0.S5977213 136.940000 0.0250311 128.U~ 

C4 60 9.04466667 12.5&669010 0.09000000 56.00000000 1.62493470 542.680000 158.4247677 139.161 
SA 62 0.25053226 0.40640553 0.00000000 2.40000000 O.1516Z571 15.533000 0.1652305 162.249 
51 61 0.09783607 0.13413416 0.00000000 0.51000000 0.01717412 5.968000 0.0119920 U7.1I1 
FE 61 0.263885Z5 1.71500297 0.00000000 13.32"0011 O. ZI&5135. 16.097000 2.9073'" "6.IU 

'IIG 6l 1. 71396825 '.05264336 0.00001000 39.910000" •• 636573Z5 107. '&000. 25.52UU' 294.792 
DO 63 5.9015&7S0 2.'4722409 1.5 ..... to ,.toOOU" '.25792599 371.000010 4 .1911265 34.689 
IEHI' 6l 19.4761904& 1. 7 19 IS 145 15 ......... 22."000000 0.21657761 1227.000100 2.9550691 &.126 
COI/D 61 H.lIOO"" 70.91&'3640 15.00"0110 361.00000000 9.15550241 4386.0000" 5I27.UI3'" 97.116 
/'N 62 5.36564514 0.90637021 2.9U .... 0 7.11100101 '.11510'13 332.67 .... 0.1215'71 1&.192 
/IV 62 51'.51612'U &4.47131514 264 ... 0010 .. 6&3.00000800 U.72716647 52148. toUot 7135.4013749 16.291 
TC 63 28.85a731l' 34.45652789 .......... 245.000000" 4.SSI"461 UI4.U .... 1105.0743'" 165.194 
'O~ 62 4.21935414 7.21502645 •. 101000" 45.00000000 0.915U927 261.601000 51.9124061 171.76/ 

--.J T/£ " 11.3591U39 13.21762012 0.00000100 56.50001001 1.69106359 692.90DlOO 17't.441459O 114.27, 



E. L. ALBENESIUS -75- DPS'r-83-209 

T6~D:::?--

, , 
,iGW DATA WITH All ZERO VAlUES SET TO "155IN6 , 
I'IARIABLE N "EAN STANDARD "INIIW" MAXIMUM STD ERR DR SUM VARIANCE C.V. 

DEVIATJOH VALUE VALUE OF MEAH 
) 
'F 57 1.16541541 1.13372016 0.01000000 0.50000000 0.02191346 6.120000 0.017881 10.14' 
:tL 63 a.19206349 19.96a57654 0.90000000 152.00000000 2.515a0417 516.100000 391.744049 243.755 
".OS 60 10.50' .... 7 5.9077'182 0.10000000 ZO.OOOOOOOO O.76Z68077 630.400000 34.901650 56.229 
~~o~ " '.06un&Z u.oa.70544 0 •• 60 .. 0 .. 111. .. 000000 1. ,,"aan 200.~30000 221.421671 271. 'Z4 
Ip04 21 1.56500100 4.301190" 0.01000000 15.10000000 0.9381'955 32."5000 1I.5Ol265 2".161 
~Sl 63 4.11396125 2.61033134 0.01000001 15.70000000 1.32887172 2U.590000 6.a13a66 U.31~ 

IliA 63 0, U.,2063 a.6aI785" 1,60"0000 40.10000'00 1. "470931 512.240000 15.H04H 106,86J 
,K is S.U96IU4 13.16107129 0.18000000 110.0000000' 1.7'7ZIlSI 2".9'0000 1 n .lZl5ta "',616 
,CA U 13.36952311 23.07215137 0.09000000 105.00001000 2.90681813 142.210000 532.324492 172.575 

r 55 0,66605455 Z,U15165Z 0.00100000 21.10000000 o. "261065 56.655000 0.051500 U6.01t 
51! 59 0.12166112 '.16Z0136& .... lOOOOl 0.61000800 0.02lO9108 1.1111000 0.026245 Ill. "I 
FE 44 4.30675010 It.lU7U34 0.1"00000 112.10110000 2.IU02IU 189.491010 366.483124 444.'16 

IMO 62 I.IU6I2" 5.0a908449 o.os .. oooo 39.90000"0 0.6463143& 107 .taoo .. 25.1198781 292.215 
DO .l ,. "nlln. 2.n1Z2~" loSl ... n. ,." .... " 1.2'HZ'" l71 ....... ~.lnIZl ~~ •• n 
TEft' 63 19.'161904& 1.7191]1'5 15.00000008 22.00000800 0.21651161 1221.000000 Z.955069 II.IU 
tnHD U 93.11111111 113.91£08557 15.00000000 530.00000008 14.35207775 5U6.000000 12976.1114552 122.344 
I'll 6l 5. Slaz5,,7 o. t1455124 2.u.onoo 1.11000000 0.12211192 535.050000 0.94t15' 18.325 
tlV 63 511.1l5I1nIZ ".HII711951 172.00000DOO 6113.000DOOOO 11. '0l2D6" 32320.0"'" 11726.241617 16.416 
lC 63 20. "813016 34.43652109 1.00000000 245.10000000 4.33859461 IlH.100000 1185.014]9. 165."4 
IOC 35 13.90285714 31.624424&4 0.20000000 225.00000000 6.359&8855 4&6.600000 1415.591345 271.624 
lie 55 15.'4545455 16.65249195 1. 00000000 11.10000000 2.24542156 a21.500000 211.3054&11 111.411 

J 



E. L. ALBENESIUS -76- OPST-83-209 

Tables 03-D20 provide a reasonably comglete summary of the 
stati~tical infcr~ation fer aach variable in the 
groundwater syst~~. Cal~u13tions wer9 perfor~2d 
~sing s~s (Statistical ~nalysis Syst~~, s~s 
Institute Inc; Cary, North Carolina) procedures on 
the accumulated data. 

variables reported are: 

N 
STD DEV 
USS 
CV 
T:MEAN=O 

IWM=O 

D:NORMAL 

STO MEAN 

Sk.ewness 

Kurtosis 

number of wells analyzed 
Standard Deviation 
uncorrected sum of squares 
coefficient of variation 
Students r value for hypothesis testing MEA1\l=O and 
the probability of a greater magnitude for this T 
value 
Number of observations numerically greater than 
zero 
is the Kolomogrov - Smirnov 
D-statistic for this distribution 
standard error of the mean 

a = 
m3 

where 
( ) 3/ 2 

m , m , 
3 m2 2 3 

second, third 
fourth moments 
.samp Ie mean 

a = 
m4 

4 (m ) 2 
2 

m , are 
4 

and 
about 

Other statistics, including quantities, extreme 
values, range, mode, etc., have their usual 
meaning. 

the 

Modified distributions, with all data points more 
than three standard deviations from the mean set 
missing, are given under the appropriate heading 
(GW Data with 3-Sigma Values Hissing). The number 
of val~es eliminated in this way is reported at the 
bottom of each table under the heading "Missing 
Value Count." Variables with no "Anomalous" ()3 
sigma) values were nitra~e, magneSium, dissolved 
oy."cren (DC», and tot"!l carben. No medi! ied 
di~tributions were calculated for these variables. 



E. L. ALBENESIUS 

ALL GW DATA 

UNIVARIATE 

VARIABLE=F 

MOMEtHS 

N 
11EAN 
S TO OEV 
SKEWtlESS 
IJSS 
r;1J 
T; r1EAH=O 
SGU RAtlK 
riUr1 -::: 0 
O'tlOR;.!AL 

&3 
O. 0971~29 
o .1308~6 
1.~7792 

1.656 
13~. 695 
5.89278 

351. 5 
37 

0.228916 

SUM WGTS 
SUM 
VARIANCE 
KURTOSIS 
CSS 
STD MEAN 
PROB>ITI 
PROB> S 

PROB>D 

63 
6.12 

0.0171207 
1.29595 
1.06149 

0.0164851 
0.0001 
0.0001 

<0.01 

! W DATA ~IITH 3-SIGMA VALUES MISSING 

UtlIVARIATE 

VARIABLE=F 

MOMENTS 

II 62 SUII WGTS 62 
II!" \If 0.090"52 SUM 5.62 
!.IU DfV •• 121235 VARIANCE '.0146979 
Sf'., l]..IIU:SS 1.43423 KURTOSIS 1. 09275 
US:) 1.406 C5S 0.896574 
CV 133.H7 STD MEAN 0.0153969 
T'MEAN=O 5.88725 PROB>PI 0.0001 
SGII RANK 333 PROB> S 0.0001 
llUM -= • 3& 

, D'IfORMAL '.227326 PROB>D <0.01 

11ISSING VALUE 
COUNT I 

A 'OUHTIHODS 1.59 

t 

-77 

TABLE D-3 

100~ MAX 
75% Q3 
SOY. MEO 
25Y. Ql 

0;' MIN 

RAtlGE 
Q3-Ql 
MODE 

IOU MAX 
75" Q3 
SOl( MED 
25% QI 

U MIN 

RANGE 
Q3-Ql 
MODE 

QUAHTILESCOEF=4) 

0.5 
0.14 
0.05 

o 
o 

0.5 
0.14 

o 

99" 
95% 
90Y. 
lOY. 

57-
lY. 

QUANTILES(DEF=~) 

0.42 
0.1175 

D.O~ 
o 
o 

0.42 
0.1175 

o 

99¥ 
95" 
9 OJ: 
10% 

5Yo 
1" 

DPs·r·B3-209 

0.5 
0.4 

0.318 
o 
o 
o 

0.42 
0.4 
0.3 

o 
o 
o 

EXTREMES 

LOWEST 10 
OCI9 
OCI7 
0(15 
OCG34 
OCG21 

LOWEST ID 
OC I9 
O( I7 
OilS 
0(G3~ 
OCG21 

EXTREMES 

) 
) 

I 
) 
) 

HIGHEST 10 
0.4CC15 
0:4C(3 
0.4(EI7 

0.42CC9 
0.5CA19 

HIGIfEST ID 
0.3HC32 

O.4(C15 
0.4(f3 
0.4<EI7 

o .42CC9 

) 
I 
) 

I 
) 



-"- ~--. 

E. L. ALBENESIUS 

,;LI, GW PATA 

IJtlIVt.RIATE 

VARIABlE=CL 

MONEIITS 

II 63 SUM WGTS 63 
"I[AN 8."206 SUM 516 .1 
'>I P DEW 19.96h V/.RUNCE 398.744 
'-,I~ l::WIESS 6.3848 KURTOSIS H.75~~ 
U~~ 2ano .1 CS5 2~722.1 
r.v 241.755 STD MEAN 2.5158 
['MEAII=O 3.25&24 PR08>ITI o. 00183Z4~ 
513:, RAUK 1008 PROB> 5 0.0001 
ItUI1 .. ;:; 0 61 
D'IIORMAl 0.37&613 PR08>D <0.01 

GIl DATA WITH 3-51GMA VAlUES MISSING 

UIIIVARIATE 

VARIABlE=Cl 

MOMENTS 

II 
MEAH 
S TD DEV 
SKEWIIESS 
USS 
CV 
T'IiEAH=O 
SGII RANK 
tWI1 ... : 0 
D'IIORI1AL 

62 
5.87258 
7. 79644 
3.73255 
5846.05 

132.76 
5.93101 

976.5 
62 

0.288919 

mSSIHG VALUE 
COUIIT I 

I COUIIT/II005 1.59 

SUM WGTS 
SUM 
VARIANCE 
KURTOSIS 
CSS 
STD MEAN 
PROB>ITI PROB> S 

PROB>D 

62 
364.1 

60.7844 
14.5872 
3707.85 

0.990148 
0.0001 
0.0001 

<0.01 

-78-

TABLE D-4 

100~ MAX 
75~ 03 
50% t-;ED 
Z:ir. 01 

OX MIN 

RANGE 
Q3-QI 
MODE 

100% MAX 
75y' 03 
501 liED 
25Y. 01 

0:'. MIN 

RAIIGE 
03-01 
r10DE 

QUANTILESCDEF=4) 

152 
5.8 
3.8 
2.4 
0.9 

151.1 
3.4 
2.4 

99. 
9SY. 
901 
10 Yo 
5~ 
II 

OUAHTILESCDEF=41 

45 
5.8 
3.8 
2.4 
0.9 

44.1 
3.4 
2.' 

99~ 
95% 
901 
lOY. 

5Y. 
11 

DPST-83-209 

152 
34.6 

10.12 
1.7 

1. 22 
0.9 

45 
30.4948 

9.55 
1.7 

1.215 
0.9 

LOWEST 10 
0.9(All 

Hell 
1.2(E13 
1.3(G34 
1. 6 (A5 

LOWEST ID 
0.9CAll 

1(ell 
1.2(E13 
1.3(G34 
1.6(A5 

EXTREMES 

EXTREI'1ES 

HIGHEST 10 
16.3(117 

HCG21 
lSIIIS 
'5(G7 

152Clll 

IHGIIEST ID 
10.4(AI9 
16.31117 

H(G21 
35( 115 
45(G7 ) . 



"",-,, 

E. L. ALBENESIUS 

ALL GW DATA 

UIIIVARIATE 

VARIABLE=1I03 

MOMENTS 

II 
I i(A" 
510 DEY 
5K[IlllE5S 
USS 
cv 
fOtiEArt=O 
SCII RANK 
WJII -= 0 
D "IORI-IAL 

63 
10.0063 
6.1887 

0.333874 
8682.6 
61.8~77 
12.8335 

915 
60 

0.07Z664~ 

SUM WGTS 
SUI1 
YARIAHCE 
KURTOSIS 
css 
S TD MEAII 
PROB'ITI PROB> S 

PROB>D 

63 
630.4 

38.3 
0.20389 

2374.6 
0.717702 

0.0001 
0.0001 

>0.15 

-79-

100~ MAX 
75~ Q3 
507- I-lED 
25Y. QI 

0" MIH 

RANGE 
Q3-Ql 
MODE 

TABLE D-5 

QUAHTILES(DEF=4) 

28 
14.1 
10.5 
5.4 

o 
28 

8.7 
o 

99" 
957-
90Y. 
lOY. 

57-
a 

'-

DPST-83-209 

28 
21. 24 
16.38 

0.95999~ 
0.02 

o 

LOWEST ID 
O( I7 
0(C19 
O(C~ 

o .I(G7 
0.5(G23 

EXTREMES 

HIGHEST ID 
) 16.8(GI5 ) 
) 18.2(G34 ) 

) 2Z( 11 ) 
) 25.2(E32 ) 
) 28(115 ) 



E. L. A[,BENESIUS 

: 
! -.ll Gf! DATA 

; IJtlIVAR[ATE 
: 
.j VARIADLE=SO~ 

MOMENTS I 
tN 
1'1EAH 
! 510 OEV 
iSKEWIlESS 
-1J5S 
Icv 
; T 'MEAN=O 
'SGH RANK 
'IlUM ~= 0 
,O'NORMAL 
1 

i 

63 
~. 57984 
14.4105 
6.77771 
IH96.5 
314.65 

2.52256 
826.5 

57 
0.332069 

SUI1 WGrs 
SUM 
VARIANCE 
KURTOSIS 
CSS 
STD MEAN 
PROB>ITI 
PR08> S 

PR08>D 

63 
288.53 

207.662 
49.8046 

12875 
1.&1555 

0.0142308 
0.0001 

<0.01 

I GW DATA WITH 

jUIIIVARIATE 

lVARIADLE=s04 

3-SIGMA VALUES MISSING 

MOMENTS 

II 62 sun WGTS 62 
I-lUll 2.86339 SUI-! 177.53 
STO DEV 4.73413 VARIANCE 22.412 

- 5KElIIIESS 3.1~6 KURTOSIS 10.2096 
- U55 1875.47 css 1367.13 ev 165.333 STD MEAN 0.601235 

T'I-1EAII=0 4.16251 PROD'ITI 0.0001 
SGH RAIIK 798 PROD> 5 0.0001 
IIUI1 -= 0 56 
D'IIORMAl O.Z164ZZ PROB>D (0.01 

MI~~INC VALUE 
COUHT 1 

X COUNVNODS 1.59 

d 

-80- DPs'r-83-209 

TABLE D-6 

QUANTIlESCDEF=4) EXTREMES 

100X MAX III 99X III lOWEST 10 HIGHEST 10 
7SX Q3 3.5 95" 20.0799 O( 115 15.8(A5 ) 
SOX MEO 1.3 901: 6.47998 OC E36 16.4(C3 ) 
251: QI 0.3 IU 0.0239999 0(E34 21(G9 ) 

OX MIN 0 5% 0 o (E32 24(CS ) 

1" 0 0(E9 IllCE17 ) 
RAIIGE III 
Q3-QI 3.2 
MODE 0 

QUANTIlES(DEF=4) /.::. L .I: , 
24 99% 24 lOl-I[S r 10 III GIl( ~d 10 3.35 95% 16.31 0(115 ) 7.2(19 

1.3 90X 5.34 O( E36 ) 15.8(AS 
0.3 lOX 0.0179998 O( E34 ) 16.4CC3 

0 5% 0 0(E32 ) 21(G9 
IX 0 0(E9 ) 24(C5 ) . 

24 

100" MAX 
75% Q3 
50% MED 
25% 01 

01: MIN 

RANGE 
Q3-Q1 3.05 
MODE 0 



E. L. ~LBENESIUS 

All GW DATA 

UNIVARIATE 

VARIADLE=r04 

MOMENTS 

H 
MEAN 
S T 0 DEV 
SKEWNess 
IJSS 
cv 
T'MEAN=O 
56N RANK 
IIUM .= 0 
D'IIORMAl 

63 
0.521667 

2.55398 
~.JGU7 
421.559 
489.581 
1.62123 

115.5 
21 

0.490821 

SUM WGTS 
SUM 
VARIANCe 
KUIU05I5 
C55 
STD MEAN 
rROB>ITI 
PROD> S 

rROB>D 

63 
32.S65 

6.52281 
Zft. JIll 
404.414 

0.321771 
0.110043 

0.0001 

<0.01 

GIo! DATA WITH 3-SIGI1A VALUES MISSING 

UNIVARIATE 

vARIABLE=r04 

MOMENTS 

" 61 SUM WGTS 61 
/>IEAII '.0666393 SUM 4.065 
S /0 DEV 0.305181 VARIANCE '.0931356 
SY.EWIIESS 5.33608 KURTOSIS 27.7553 

· OSS 5.85902 CSS 5.58814 
· CV 457.96 STO MEAN '.0390745 
: T'MEAN=' 1.70545 PR08>ITI '.093284 

SGH RAIIK 95 PR08> S .100137327 
· IIUM .= • 19 

O'NORMAL 0.452812 PR08>D <0.01 

MISSING VALUE 
COUNT 2 

~ COUNT~H08S 3.17 

l 

-91-

100. MAX 
75~ Q3 
SOY. MED 
257. 01 
O~ MIN 

RANGE 
Q3-Ql 
MODE 

1001: MAX 
75. Q3 
sox MED 
25" QI 

ox MIH 

RAHGE 
Q3-QI 
MODE 

TABLE 0.7 

QUAHTILES(DEF=41 

15.1 
0.02 

a 
o 
o 

15.1 
0.02 

o 

99X 
95% 
90" 
10. 
S~ 
1% 

QUAHTILES(DEF=41 

1.8 
0.015 

a 
o 
o 

1.8 
0.015 

o 

"" 95% 
90X 
lOX 
5" 
IX 

DPST-9)-209 

EXTP.EMES 

15.1 
1. 76 
0.07 

LOWEST 10 

o 
o 
o 

1.8 
0.186999 

0.04 
o 
o 
o 

0(117 
o (IlS 
OOIl 
0<19 
0(17 

LOWEST 
O( Il7 
O( 115 
O( Il3 
O( I? 
0(17 

EXTREMES 

10 
) 

I 
I 
I 
) 

HIGHEST 10 
O. 2( II 
1.6(C23 
I.A(Al6 

13.HE17 
15.1((5 

HIGIIEST ID 
0.07(A5 
0.OHC5 

O. 2( II 
1.6(C23 
1.8(U6 

) 

I 
I 
I 
I • 



E. L. ALBENESIUS 

AlL GW DATA 

UIIIVARIATE 

VARIABLf=5I 

MOMENTS 

II 61 SUM weTS 63 
fleAII 4.18397 SUM Z6~. 57 
S TO DEV Z.610H VAKIAtiCE '.all!] 
SKEWIIES5 2.9U19 KURTOSIS 11.17&5 
US5 1525.31 CSS ~ZZ. ~6 
cv H.Jan 5TO MEAII 0.32&372 
T'MEAN-O 12.1222 PROD}ITI 0.0001 
SCII RAtIK 1008 PROD> S 0.0001 
/lUti -: 0 6J 
O'IIORMAL 0.1&5576 PROB>D <0.01 

CI~ DATA' WITH 3-SIG/1A VALUES MISSING 

UIIIVARIATf 

VARI All E=S I 

H 
MEAII 
STD DEV 
SKEWNESS 
USS 
CV 
T'MEAH=. 
SCII RANI( 
HUM -= • 
D'II0KMAL 

61 
3.80639 
1.51335 
1.23316 
1132.33 
41. 3343 
1&.&953 

945.5 
61 

'.117636 

IIISSJHG VALUE 
COUHT 2 

X COUNT/NOBS 3.17 

SUM WGTS 
SUM 
VARIANCE 
KURTOSIS 
css 
STD MEAH 
PROI'ITI PROI> S 

PIOI>O 

61 
232.19 

2.H542 
4.52265 
148.525 

0.201447 
0.0001 
'.0001 

0.015 

-02-

100% MAX 
75Y. QJ 
50~ flED 
25% Ql 

or. MIN 

RANGE 
OJ-QI 
NODE 

IOU MAX 
15% 43 
50" MEO 
25% 41 

ox IUN 

RANGE 
q3-ql 
MODE 

·/ABLE 0--0 

QUANTILES(DEF=4) 

15.7 ~~4 
~.72 95% 
3.6 9o" 
Z.9 lOr. 

0.08 5)( 
I~ 

1:i.6Z 
1.82 

3 

4UAHTIlES(DEF=4) 

10 .5 
4.56 
3.45 
2.88 
0.08 

10.42 
1.60 

3 

99% 
'5~ 
90% 
10" 

Sir 
IX 

DPS'f-03-209 

15.7 
9.72195 

5.97~ 
2.404 

1.& 
0.08 

10.5 
6.34Z 
5.878 
2.482 
1.595 

0.08 

EXTREMES 

LOWEST 10 
0.DSle9 
1.0HI15 
1.S9(Cl9 
1.&4(021 
Z.I'\GI7 

LOWEST 10 
0.08IC' 
I.D41Il5 
1.591C19 
1.64!G21 
2.16(CI7 

EXTREMES 

HIGfiEST 10 
6.381GZ3 
6.6J(E5 
10.5(C5 
lS.7(AS 
15.710 

HIGHEST 10 
5.nIE' 

6IE19 
6.3&IG23 
6.61<E5 
IO.S(C5 

) 
) 
) 
) . 
) 



All GW DATA 

UNIVARIATE 

VARIABlE=HA 

H 
MEA" 
STD DEV 
SKEUIIESS 
USS 
~V 
T' ~IEAH=O 
seH RAHK 
HUll -~ 0 
0' rrORMAl 

E. L. ALBENESIUS 

MOMENTS 

63 
&.llO~Z 
8.68899 
2.54631 
88~5.'5 
106.861 
7.42747 

1008 
~l 

o .H6912 

SUM WGTS 
SUM 
VARIAHCE 
KURTOSIS 
C55 
STD MEAN 
PROS>ITI PROD> S 

PROB>D 

61 
512.248 
75.4985 
5.84455 
~6ao. H 
1.09471 

0.0001 
0.0001 

(0.01 

GW DATA WITH l-SIGKA VALUES HISSING 

UNIVARIATE 

VARlAllE=NA 

H 
HEAN 
STD DEV 
SKEWNESS 
USS 
CV 
T 'HEAN~' 
SGN KANII: 
NUll -= 0 
D'HDRHAl 

61 
7.10407 
6.65078 
2.7529 
5732.5 

93.6193 
a.l~Z56 

945.5 
61 

'.289011 

MISSING VALUE 
COUNT 2 

7. COUHT/HDBS 1.17 

SUM WGfS 
SUM 
VARIANCE 
KURTOSIS 
CSS 
STO IIEAN 
rROB>ITI PROB> S 

PROB>D 

61 
U3.341 
H.23Z8 
7.50707 
2653.97 

0.8515H 
0.0001 
0.0001 

<0.01 

-83-

100" MAX 
75% Q1 
50~ HED 
25" Ql 

O? MIH 

RANCE 
Ql-Ql 
MODE 

100X MAX 
75% Q3 
5o" MED 
25" Ql 

Ole MIN 

RANGE 
Ql-QI 
MODE 

TABLE (}-9 

QUAHTllES(DEF=4) 

40.1 
7.3 

5.55 
4.01 

1.6 

38.5 
3.27 
2.9 

997-
95X 
.o~ 

10" 
5X 
I!( 

QUANTIlES(OEF=41 

32.1 
6.71 
5.32 

4.005 
1.6 

30.7 
2.705 

2.9 

"" 95" 
90% 
lOX 
5" 
IX 

DPST-83-209 

40.1 
32.22 
20.64 

2.4 
1.11144 

1.6 

32.3 
29.1599 

14 
2.35 

1.7662 
1.6 

lQt..JE~T ID 
l.i(ell 
1. 7U,U 

l. 7l8(C21 
2.2(E13 

2.27CC19 

LOWEST ID 
1.6(Cll 
1.7CAll 

1. 7181C21 
2.2(El3 

2.27CC19 

EXTREMES 

) 
) 
) 
) 
) 

IIlGIIl.:ST 10 
30(Lll 

31,1(C-i 
32.3(Gl 
3a.AIC9 
40.l<IU 

HIGHEST ID 
19.2(llS 
21. 61 AS 

30 I Ell 
31.9(0 
32.3/07 

) , 
) 
) 



E. L. ALBENESIUS 

i 
I All GW DATA 

i UN1VARIA TE 
i 
! VARIABLE=K 

H 
MEAN 
5TD DEY 

-I SKEWNESS 
USS 

. CY 
j T'MEAN=O 
j SGN RAHK 
4 HUM ~- 0 
1 D'NORMAL 

J 

MOMENTS 

63 
3.9l?68 
13 .116&1 
7.46961 

lZ09Z 
H3.1I06 
2.24339 

l00a 
63 

0.39371 

SUM WGTS 
SUM 
VARIANCE 
KURTOSIS 
CSS 
STD MEAN 
PROD>ITI 
fROB> 5 

fROD>O 

63 
Z~6. 9~ 

192.124 
57.7037 
l17Z4.1 
1.74721 

0.0284539 
0.0001 

<0.01 

GW DATA WITH 3-SIGHA VALUES MISSING 

UNIVARIATE 

VARIAILE=K 

N 
MfAN 
SID DEY 
SKEIJIIESS 
USS 
cv 
r '~IEAII=O 
sr,u HAliK 
IIUI1 ~= 0 
D'1I0RMAl 

62 
2.20871 
2.83285 
3.79127 
791. 985 
128.258 
6.13919 

776.5 
62 

0.244657 

''il5SING VALUE 
COUNT 1 

~ COU1I1/1I08S 1.59 

SUM WGTS 
SU" 
VARIANCE 
KURTOSIS 
C55 
5TD MEAN 
"ROB> I T I 
FROB> 5 

fROB>D 

62 
136.94 

1.02503 
10.051& 
U9.527 

0.359712 
0.0001 
0.0001 

<0.01 

-84-

7A:'I.E J-1J 

100~ MAX 
757. Q3 
50~ MED 
25" Ql 

04 MIN 

RANGE 
Q3-QI 
MODE 

100)( "AX 
75)( Q3 
50l( "ED 
l51( QI 

0" "IN 

RAUGE 
Q3-QI 
MODE 

QUANTIlESIOEF=41 

110 97~ 
2.8 95Yo 

1. 2'7 90ll 
0.89 10~ 
o . III 5X 

III 
107.az 

1. 91 
0.77 

QUAHTIlES(OEF-41 

15.4 
2.6875 

l.Z5 
0 .•• 
0.18 

U.22 
1. 8075 

0.77 

9911: 
95" 
90l( 
1 Ole 
5" 
l1i 

DPST-83-209 

110 
10.02 
4.988 

0.38 
0.268 

0.18 

15.4 
•. 2149. 

4.553 
0.37 

0.266 
0.15 

EXTREMES 

LOWEST 10 HIGHEST 1D 
0.18IH2 ) &-6CAS 
O.19<G3Z ) a.HG7 
0.261634 ) ID.4IEl7 

0.3IA21 ) IA.HAll 
0.33<AZ3 ) 110(113 

EXTREMES 

LOWEST ID HIGHEST 10 
0.IIIIA3l ) 5.11le9 I· 
0.191G32 ) &. 6( A5 ) 
0.26(G34 ) •. 5IG9 I 

O. HAll ) )0.4(El1 ) 

0.331A23 ) 1II.4(All I 



, . " 

; 

: All OW DATA 

I UHIVARIATE 

1 VARIABlE=CA 

1 
IN 

1 
MEAlt 
5TD DEV 

. SKEWNESS 
, uss 
~ cv 
, T'MEAN=O 
I 50" RA"K 
i IIUM ~: 0 
1 0' IlORMAl 

E. L. A£.BENES IUS 

1'I0l'lENT5 

63 
13 .3675 
23.0722 
2.80255 

~~Z65 
112.513 
4.5993' 

10011 
6l 

0.284289 

SUM WGTS 
SUI'I 
VARIANCE 
KURTOSIS 
CS5 
STD MEAN 
PROB>ITI 
rRDD> 5 

PROB>O 

63 nz.za 
532.324 
a.02215 
no Oft .1 
2.90U2 

0.0001 
0.0001 

<0.01 

GW DATA WITN 3-51GI'IA VALUES I'IISSING 

U"JVAIIIATf 

VARIAILE=CA 

It 6D SUI'I WGTS 60 
MEAN 9.04467 SUM 54Z .6a ill DEY 12.51167 VARIANCE 15a.425 

KElmES5 2.00528 KURTOSIS 3.7242ft 
U5S 14255.4 CSS 9347.06 
CV IH.161 STD I'IEAN 1.62493 
T'11EAN=0 5.56617 PR08>ITI 0.0001 
5&Il RANK 915 rROB> 5 0.0001 

. rtm -= 0 60 
.0: NORMAL 0.241907 PROB>D <0.01 

mSSIIIG VAlUE 
COUIIT 3 

~ COUILT /H085 4.76 

j 

~ 

-85-

,ABLE D-11 

100~ MAX 
75% Q3 
50~ MED 
25" ~1 

ox I'IIH 

RAIIGE 
Q3-Ql 
MODE 

100" "AX 
75% Cl3 
50X "ED 
Z5% Cll 

OX MIN 

RANGE 
Q3-Ql 
MODE 

QUANTllES(OEF=4) 

105 "" 17.2 CJ5~ 
3.3 90" 

1.05 10" 
0.09 5% 

lO~.n 
16.15 

3.1 

1" 

QUANTJlES(DEF=4) 

56 
10.05 

3.2 
0.93 
0.09 

55.91 
9.12 
3.1 

,,% 
95% 
90" 
lOX 
5" 
llI: 

DPST-83-209 

105 
a5.0395 

40.94 
O.l~~ 
0.184 

0.09 

56 
42.305 
ZS.H 
0.341 
0.181 

0.09 

EXTREMES 

lOWEST 10 HIGHEST 10 
0.091A23 ) 44.61C3 ) 

O.12(A32 ) 56 I E17 ) 

0.181C30 ) 92. HA5 ) 

0.21[21 ) 102.3(CS ) 

0.32(C14 ) IOS(G23 ) 

EXTREMES 

lOWEST JD HIGHEST ID 
0.09(AZ3 ) l2.S(El ) 
0.12(A32 ) 38.6(G1 I 
O.18IClO ) ftZ.51E] ) 

0.2(E21 ) 44.61Cl I 
0.l21C3ft I 56(f17 ) , 



, 

I 
:j 

E. L. ALBENESIUS 

AlL GW DATA 

UNIVARIATE 

YARIABLE=BA 

H 
MEAN 
STD DEY 
SKEWHESS 
USS 
ev 
T'MEAH=O 
SGII RANK 
IIUII -= 0 
O'NORMAL 

MOMEHTS 

6S SUM WGTS 6S 
0.5&l~76 SUM 36.&33 
2.65755 VARIAHCE 7.06257 
7.66629 KURTOSIS 59.99H 
459.1S1 CS5 4S7.879 
457.035 STD MEAN 0.334112 
1. 7S668 PROB>ITI 0.0874094 

770 PROB> S 0.0001 
55 

0.413402 PROB>D <0.01 

GW DATA WITH 3-SIGMA VALUES MISSING 

t"HVARIATE 

VARIABLE=BA 

MOM EilTS 

N 62 
MEAH 0.250532 
SID DEV 0.406486 
SY.EI~III:SS 2.95361 
U::'3 13.9706 
(V 162.249 
""MEAN=O 4.115305 
SCH RANK 74Z.5 
NUll -= 0 54 
IptlORMAL 0.Z611836 

. tIISSItIG VALUE 
coutn 

:c COUHT/HOBS 
1 

I. 59 

SUM WGTS 
SUM 
VARIANCE 
KURTOSIS 
CSS 
STD MEAN 
PROB>ITI 
PROB> 5 

PROB>O 

6Z 
15.533 

•• 16523 
IZ.I011 
10.0791 

0.0516237 
0.0001 
0.0001 

<0.01 

-86-

QUAHTI LES( DEF=4) 

100X MAX 21.1 99:': 
75~ Q3 0.38 957-
50Y. MED 0.05 90X 
25" QI 0.01 10% 

0:': MIH 0 51'. 
IX 

RAIIGE 21.1 
'13-'11 0.37 
MODE 0.01 

QUAHTILES( DEF=4) 

100" MAX 
7n '13 
50" MED 
Z5X QI 
n MIH 

2.4 
0.38 
0.05 
0.01 

o 
RANGE 2.4 
43-41 0.37 
MODE 0.01 

99" 
95r. 
901( 
10" 
5" 
U 

DPST -8 3 - 209 

21.1 
1.144 
O.B 

0 
0 
0 

2.4 
0.906499 

0.113 
o 
o 
o 

EXTREMES 

LOWEST 10 
O( 19 ) 
0(15 ) 

DIn ) 

0lG36 ) 

0lG32 ) 

EXTREMES 

LOWEST ID 
0(19 
0(15 
01I1 
0lG36 
0lG32 

) 
) 
) 

) 
) 

HIGHEST 10 
o .8HEl6 
0.921Gl 

1.21C36 
2.4(117 

21.1<113 

HIGHEST 10 
O.IIHEH 
0.IIHE36 
0.9Z101 

1.ZIC36 
2.41117 

) 
) 
) 
I 
I 



, , , 

ALL GW DATA 

UNIVARIATE 

VARUBLE=SR 

H 
MEAH 

, STD DEV 
I SKEWHESS 
1 USS 

I ~~MEAH=O 
SGN RANK 
IIUM .= 0 
D:I/ORMAL 

1 
I 

j 

E. L. ALBENESIUS 

MOMENTS 

63 
0.113937 
0.159519 
1. 79798 

2.3955 
140.007 
!L66919 

885 
59 

0.243428 

SUM WGTS 
SUM 
VARIANCE 
KURTOSIS 
C5S 
STD MEAN 
PR08>ITI 
PROD> 5 

PROB>D 

63 
7.178 

0.0254463 
2.39201 
1.51767 

0.0200975 
0.0001 
0.0001 

<0.01 

G~I DATA' WITH 3-SIGMA VALUES /'IISSIHG 

IJIIIVARIATE 
'I 

VARIADLE=SR 

/'IOMENTS 

1/ 61 SUM WGTS 61 
~ HI" AN 0.0978361 SUM 5.968 
~'D DEV 0.134134 VARIANCE '.017972 
S.EWUESS 1.81087 KURTOSIS 2.54949 
USS 1.6634 CSS 1.07952 
CV 137.101 STD MEAN '.0171741 
T'MEAN=. 5.69672 PROB>ITI 0.0001 
SGN RANK 826.5 PROB> 5 0.0001 
11U11 .= 0 57 
D'HORHAL 0.237931 PROB>D <0.01 

/'IISSIHG VAlUE 
COU/H 2 

~ COUNT~N08S 3.17 

t 

-87- DPST-83-209 

QUAI/TIL ESI DEF=4 i EXTREMES 

100" MAX 0.61 97" 0.61 LOWEST ID HIGHEST ID 
75" Q3 0.14 95% 0.508 0lG32 ) 0.481113 ) 
SOY. MED 0.04 90" 0.399999 
25" Ql 0.01 lOY. 

0(G13 l 0.51C36 l 
0.0014 OIEll ) 0.511G23 ) 

OX MIH 0 5" 0 0(C19 l 0.6(A5 ) 

1" 0 0.001<A23 ) 0.611C5 ) 
RAUGE 0.61 
Q3-QI 0.13 
MODE 0.01 

QUAHTILESI DEF=41 EXTREMES 

100" MAX 0.51 9"( 0.51 LOWEST ID HIGHEST ID 
75l< Q3 0.135 95" 0.474 01032 l 0.371C7 I 

5U MED 0.03 90X 0.321999 O( G13 l 0.42(G7 I 

25" Ql 0.01 lOX 0.0012 OlEll l 0.481113 I 

OX MIN 0 5l< 0 OIC19 I 0.51CU I 

U 0 0.001lA23 I 0.511G23 l' 

RANGE 0.51 
Q3-QI 0.ll5 
MODE 0.01 



! E. L. ALBENESIUS 

All GW DATA 

UIIIVARIATE 

VARIABLE=FE 

1'I0l'lEHTS 

H 63 SUM WGTS 63 
MEAII 3.00789 SUM 189.497 
SID DEV 16.0668 VARIAHCE 258.144 
SKHltlESS 6.08077 KURTOSIS 38.5313 
USS 16574.9 CSS 16004.9 
CV 534.157 STD MEAH 2.02423 
T'MEAII=O 1. 48594 PR08>ITI 0.142362 
SCII RAIIK 495 PROB> 5 0.0001 
IIUI1 -= 0 44 
D'IIORI·tAL 0.506047 . PROB>D <0.01 

" :i 

G~I DATA WITH ]-SIGI'IA VALUES I'IISSING 

UIIIVARIATE 

VARIABLE=FE 

"I"" 1'I001ENI S 
j,;, 

II 61 SUI'I WGTS 61 ". 
"",t I'lfAN 0.263885 SUM 16.097 
":;"':l SID DEY 1. 70508 YARIANCE 2.90731 

SKEWHESS 7.7Ha KURTOSIS 60.1681 -I" USS 178.6&6 C5S 174.438 '" 
..~ CV 646.H6 STD I'IEAN '.2183H 
. '.' "~~ "I'IEA"=O 1. 20874 PR08>ITI 0.231503 

.. r-~ SOH RAHK 451.5 PROB> 5 •• 0001 

." tlUl'I -= 0 42 , 
OqlORMAl 0.461086 .PROB>D <0.01 ".' 

I'InSltfG VALUE 
COUHT 2 

" COUNT/HOBS 3.17 

-88-

100Y. MAX 
75Y. Q3 
50" MED 
25Y. QI 

0" MIN 

RANGE 
Q3-Ql 
110DE 

1 DOl: IIAX 
75:1: Q3 
5011 liED 
25:1: QI 

OX I'IIM 

RANGE 
Q3-Ql 
I'IODE 

-:ru;L:: ::1-111 

QUANTIL ES(DEF=4) 

112.8 99Y. 
0.03 95" 

0.013 90" 
0 lOX 
0 5" 

IX 
112.8 

0.03 
0 

QUAHTlLES( DEF=4) 

13.32 
0.025 
0.012 

o 
o 

13.32 
0.025 

o 

99:1: 
95:1: 
9011 
lOX 

5:1: 
1:1: 

DPST -8 3 - 20 9 

112.8 
10.8238 

0.191999 
0 
0 
0 

13.32 
0.624997 
0.109999 

o 
o 
o 

EXTREMES 

LOWEST ID 
0(G36 
0(634 
0(G28 
O(Gn 
0(G1 

LOWEST ID 
0(G36 
0(G34 
0(G28 
0(G23 
O(GI 

EXTRlMES 

HIGHEST ID 
o .6H030 
0.84(11 

13.32(CI9 
60.6(G7 

112.8(G21 

HIGHEST ID 
0.15(e9 
O.22(G9 
0.6HGlO 
a.MCII 

13 .3Z(CI9 

) 
) 
) 
) 
) 



~ , , 

All GW DATA 

UtI! VAR IA T E 

VAP.IABLE=MG 

II 
MEAII 
STD DEV 
5KHItIE55 
USS 
C'I 
T'I'IEAH=O 
SCI: RAItK 
\lUll -= 0 
D'IIORI1AL 

E. L. ALBENESIUS 

MOllEtlTS 

63 
1.71397 
5.05264 

7.2094 
1767.88 
ZH.792 
2.69249 

976.5 
62 

0.367221 

SUM WGTS 
SUM 
VARIAHCE 
KURTOSIS 
CSS 
STD MEAH 
PROB>ITI 
PROB>ls 

PROB>O 

63 
107. 98 

25.5292 
54.8558 
1582.81 

0.636573 
0.00910809 

0.0001 

<0.01 

-89-

100:( MAX 
75Y. Q3 
SOY. MED 
25Y. Ql 

Ole MIH 

RAlIGE 
Q3-Ql 
MODE 

DPST-83-209 

QUAHTlLES(DEF=4) 

39.9 99)<; 39.9 
1.5 95:( 4.14599 

0.66 90Y. 3.05 
0.35 10~ 0.174 

0 5Y. 0.14 
llC 0 

39.9 
1.15 
0.34 

.......... 

lOWEST ID 
0(C19 

O.03(A11 
0.14(C21 
0.14(G28 
0.15(A36 

EXTREMES 

) 
) 
) 
) 

) 

HIGHEST ID 
3.4(A5 

3.53(G9 
4.3(G21 
7.6(Il5 

39.9(G7 



E. L. ALBENESIUS 

ALL GIl DATA 
; 

UIIlVARIATE 

VI.r:UBlE=DO 

MOMEHTS 

It 63 SUM WGTS 63 
MEAIl 5.90159 SUM 371.8 
STD DEV 2.04722 VARUHCE 4.19113 
SKnlllESS -0.417779 KURTOSIS -0.753336 
USS 2454.06 CSs 259.85 
CV 34.6894 STD MEAN 0.257926 

" 
T'MEAIl=O 22.8609 PR06>ITI 0.0001 
5611 RANK 100& PROB> S 0.0001 
HUM -= 0 63 
D'1I0RI1AL 0.0779735 PROB>D >0.15 

" ,.' 

~" ' 

• ,:1"; 

, l,,' 

j 
, 

" 

-90-

TABLE D-16 

IOOr. MAX 
75Y. Q3 
50~ MED 
257. Ql 
O~ MIH 

RAIlGE 
Q3-Ql 
MODE 

QUAHT Il ES (DEF=4) 

9 
7.5 

6 
4.5 
1.5 

7.5 
3 

11.6 

99:( 
95:( 
90~ 
lOr. 

5" 
1" 

DPS'r-83-209 

9 
8.6 

8.52 
2.64 
2.08 
1.5 

EXTREMES 

lOWEST ID IIIGHEST ID 
1. 5 (G7 ) 8.6(A32 ) 

1.7CG23 ) 8.6(C17 ) 

2(E30 ) 8.6(04 ) 

2.4CC9 ) 8. 7( G34 ) 

2.5(15 ) 9( 117 ) 



E. L. ALBENESIUS 

ALL GW DATA 

UIHVARIATE 

VARIABlE=TEI1P 

MOMENTS 

tC 63 SUM WGTS 63 
MEAN 19.4762 SUM 1221 
STD DEV 1.11903 VARIANCE 2.95501 
SKEWIlESS -0.838777 KURTOSIS -0.196102 
USS 24080.5 CSS 18J.2H 
CV 8.82632 STD MEAN 0.216578 
T;MEA~·O 89.9271 PROB>ITI 0.0001 
SIlII RANK 1008 PROD> ~ 0.0001 
IIUM -= 0 63 
O:IIORMAl 0.225007 PROB>D <0.01 

I 

-91-

";AIlLE i)-17 

QUA~TIlES(DEF=~) 

100Y. MAX 22 99X 
157. Q3 21 95Y. 
50Y. MEO 20 90:< 
2S7. QI 18 lOr. 

07. MI~ 15 5X 
I" 

RANGE 7 
Q3-QI 3 
MODE 21 

:,~ 

DPST-83-209 

22 
21 
21 
11 

16.2 
1:; 

lOWEST 10 
15(15 
15(A3 
16 <I 9 
171117 
17( 115 

EXTREMES 

HIGHEST 10 
211 G23 
2l( G28 
Zl( G30 
Zl< G36 
22«(19 

) 
) 
) 

) 
) 



E. L. ALBENESIUS 

AllOW DATA 

UIIIVARIATE 

VARIABLE=COIID 

MOME/ITS 

II 
MEAH 
HD DEV 
SKEL.tIIESS 
USS 
CV 
T'MEAN=O 
SGII RAHK 
IIUM ~= 0 
D!lIORMAL 

63 
93.1111 
l1l.H6 
2.56517 
1350756 
H2.3Qq 
6.48"4 

10011 
63 

0.262925 

SUM L.tGTS 
SUM 
VARIANCE 
KURTOSIS 
.cSS 
510 MEAN 
PRoa~ITI 
PROD> 5 

PROB~D 

63 
5866 

12976.9 
6.29069 
80~566 

14.3521 
0.0001 
0.0001 

<0.01 

~~ DATA WITH 3-SIGMA VALUES MISSING 
UNIVARIATE 

IIARIAILE=COIID 

MOM EilTS 

N 60 SUM WGTS 60 
"EAII 73.1 SUM 4386 
STD OEV 70.9185 VARIANCE 5029.48 
SKEWNESS 2.44703 KURTOSIS 6.24624 
IJSS 617356 CSS 2'6739 
CV 97.0162 STD "EAN 9.15558 
T'I'IEAN=O 7.9842 PROD> I' I 0.0001 SGII RAHK 91S PROS> S 0.0001 IIUM -= 0 60 
I) !lIORMAL 0.234099 PROI>D <0.01 

MISSING VALUE 
CDUlIT 3 

~ COUHT'HOBS 4.76 

-92-

TABIJ.E D-l'A 

QUAHTILES(DEF=~) 

100le MAX 
75:\ Q3 
50X MED 
25le Ql 
O~ MIH 

RAHGE 
Ql-Ql 
~IODE 

530 
100 

47 
31 
15 

515 
69 
30 

"X 95:\ 
90X 
lOX 

5:\ 
lYe 

QUAHTIlES(DEF=4) 

100le MAX 
7SX Q3 
SOY. MED 
25)'. Ql 

0)'. MIN 

360 
118.75 

45.5 
30.25 

IS 

RANGE 3QS 
Q3-Q1 58.5 
MODE 30 

,,,, 
951: 
'U 
IU 
5" 
u 

DPST-83-209 

530 
QU.999 

262 
25 
20 
15 

360 
269 

139.8 
2S 
20 
15 

lOWEST ID 
15(C21 
20(EB 
20(C15 
20(C11 
20(A21 

LOWEST 
15(C21 
20( Ell 
20(C15 
20 (C 11 
20U21 

ID 

EXTR[MES 

) 
) 
) 
) 
) 

EXTR(MES 

HIGHEST 10 
llOCE17 
l60(AS 
450(Ill 
500((;21 
SlO(G7 

HIGHEST ID 
) 170(C5 
) 2S0(C9 
) 2701C23 
) HO(El7 
) 360 (AS ) , 



~. L. ALBEAESIUS 

.\ll CW DATA 

;JNIVARIATE 

VARIABLE=PH 

MOMENToS 

H 
MEAN 
S T D DEV 
SY-EWtlESS 
USS 
CV 
r: I~EAtI=O 
SGII RAIIK 
NUn ~= 0 
D: 1I0RI1AL 

63 
~.31IlZ~ 

0.974551 
-0.504402 

1840.71 
111.3246 
41.1146 

1008 
61 

0.0567663 

SUM NGTS 
SUM 
VARIANCE 
KURTOSIS 
CSS 
STD MEAN 
PROB>ITI 
PR08> 5 

PROB>D 

63 
U5.05 

0.94915 
0.~67874 

58.B845 
0.122782 

0.0001 
0.0001 

>0.15 

G~ DATA WITH 3-SIGMA VALUES MISSING 

UIUVARIATE 

VARIABlE=PH 

MOMENTS 

H 62 SUM NGTS 62 
lifAN 5.36565 SUM 332.67 
SID DEV 0.90637 VARIANCE 0.B21507 
SKEWIIESS -0.22275 KURTOSIS -0.175682 
USS 1835.1 CSS 50.1119 

I tV 16.8921 STD MEAN 0.115109 
1 T :MEAN=O 46.6115 PROD>/T/ O. DDOl 

SGII RANK 976.5 PROB> S D.OGOl 
NUM ~= 0 62 

. D'1I0RMAL 0.0459026 PROB>D >0.15 
1 
j MISSING VALUE 

COUHT I 
~ r.mIHTI'NOBS 1.59 

; 
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QUANTILESIDEF=41 

100Y. MAX 
75% 03 
50" MED 
25% Q! 

0% MIN 

RANGE 
Q3-01 
MODE 

1O0l: MAX 
75:\ Q3 
50" MED 
25" Ql 

0" MIN 

RANGE 
Q3-QI 
MODE 

1.11 
6.04 
5.39 
4.67 
2.38 

4.79 
1.37 
5.4 

9'" 95:\ 
90Y. 
10% 
5~ 
1% 

QUANTIlESCDEF=4) 

7.17 99% 
6.0575 95" 

5.395 90% 
4.685 lOX 

2.91 5% 
IX 

4.26 
1.3725 

5.4 

DPS't-83-209 

7.17 
6.B5 

6.576 
4.162 
3.536 
2.38 

7.17 
6.8525 

6.582 
4.192 

3.90B5 
2.91 

EXTRlMES 

LOWEST ID HIGHEST ID 
2.181E1 ) 6.641C9 ) 
2.911 En ) 6.8l1A5 I 
3.451G36 ) 6.861C5 ) 
3.881E9 ) 6.951AS ) 
4.07(E10 ) 1.IHEI9 ) 

EXTREMES 

LOWEST 10 HIGHEST ID 
2.911E13 I 6.64CC9 ) 
3.451G36 ) 6.allA5 I 
3.8BIE9 ) 6.861C5 I 
4.07lElO I 6.9SIA3 I 
4.15IE23 ) 7.I7IE19 I 
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E. L. ALBENESIUS 

AtL GW DATA 

lJtnVARIATE 
I 
" I/ARIADLE=MV , 

MOMENTS 

II 
, tlEAN 

STD DEV 
SKE~ItIESS 
lJSS 
cv 
T q'IEAtl=O 
SGU RAUl( 
tlUH -= 0 
O'llORI1Al 

63 
513.016 
94.4788 

-0.971987 
17134100 

18.4163 
~3.0H 

1008 
63 

0.135131 

SUM WGTS 
SUM 
VARIANCE 
KURTOSIS 
CSS 
STO MEAN 
FR08>ITI 
PROB> S 

PROB>D 

63 
32320 

8926.24 
2.00051 

553427 
11.9032 

0.0001 
0.0001 

<0.01 

: GW OUA IIlTN 3-SIGMA VALUES MISSIHG , 
\ UNIVARIATE , 
j VARIABLE=MY 

HOMENTS 

H 62 SUM WGTS 62 
MEAN 518.516 SUM 32148 
SYO DEV 84.Hll VARIANCE 7135.4 
SKEWNESS -0.470591 KURTOSIS 0.351507 
USS 17104516 CSS 435259 
CV 16.291 STD MEAN 10.7279 
T :MEAN:O 48.3336 PROB>ITI 0.0001 
SGH RANK 916.5 PROB> S 0.0001 

I' IIUM -= 0 62 
O'NORMAL 0.12"29 PROB>D 0.012 

MISSING VALUE 
COUNT I 

~ COUNT/NOBS 1.59 

1 

-94-

100:( MAX 
75" Q3 
50Y. MEO 
25:': Ql 

0" MIN 

RAtlGE 
Q3-Ql 
MODE 

100" MAX 
75" Q3 
SOl( MED 
25" Cli 
0" MIN 

RAt/GE 
Q3-Ql 
MODE 

QUANTILES(DEf=4) 

683 
567 
536 
452 
17Z 

511 
US 
541 

99% 
95" 
90l( 
10l( 

57. 
III 

ClUAHTILES(DEF=4J 

683 
568 
537 
455 
264 

419 
113 
541 

9'" 95% 
90ll 
10" 

5" 
1" 

DPST-83-209 

683 
660.2 

630 
39Z.8 
349.8 

172 

683 
660.65 

631 
396.4 
370.5 

264 

LOWEST 
172(G7 
264(G9 
345(C19 
369( G21 
379(C5 

LOWEST 
264(G9 
345(C19 
369(G21 
379(C5 
39Z( C7 

EXTREMES 

10 HIGHEST 10 
) 642(17 ) 
) 653(15 ) 
) 662(11 ) 

) 666(017 ) 
) 68HCIl ) 

EXTREMES 

10 tfIGHEST 10 
) 642(17 , 
) 653(15 ) 
) 662<11 ) 

J 66&C G17 ) 
) 6&3(C13 ) 



E. L. ALBENESIUS 

All GW DATA 

UIIIVARIATE 

'IARIA8lE=TC 

MOMEIHS 

II 63 SUM WGTS 63 
MEAN 20.8537 SUM 1314.1 
STU DEV 34.4365 VARIANCE 11115.57 
SKEWIIESS ~.GlOG6 KURTOSIS 29.296 
US5 100935 CSS '3524.2 
CV 1£5.094 STO MfA" ~.n85' 
T'MfAN=O ~ .80172 PROB>ITI 0.0001 
56H I!AHK &85 PROB~ S 0.0001 
110M -= 0 " D;HOKMAl 0.27ZH2 PROB>D (0.01 

-95-

TI1-lrLf D -;11 

QUANTIlESIDEF=~) 

100:.: MAX 245 "Ie 75:( Q3 26.7 95:< 
SOX l'lED 10.4 90~ 
25X Ql S 10~ 

07. MIH 0 54 
III 

RAH(:e 245 
Q3-Ql 21.7 
MODE 0 

DPST-83-209 

2~5 
69.5799 
51.&999 

2.~ 
0 
0 

lOWEST ID 
01(:17 
OIG13 
0lE36 
0lB2 
HC3l 

EXTREMES 

HIGHEST 10 
60.SIE3 
63.51C5 
71.1IA5 

93(0' 
2~51G21 

) 

) 
) 

) 
) 



HL Gl~ DATA 

UIIIVAUATE 

VARIABLE=TOC 

II 
MEAII 
STD DEY 
SKEWIIESS 
USS 
CV 

E. L. ALBENESIUS 

11011ENTS 

63 SUI1 WGTS 
7.723111 SUI1 
28.7192 VARIANCE 
7.H137 KURTOSIS 
5~1I75.~ CS5 
171.827 STD MEAN 

T'MEAII=O 2.13467 PR08>ITI SGII RANK 315 PROB> S 
IIUI1 ~= 0 35 
DotlORMAL 0.39H1I7 PR08>D 

63 
486.6 

824.791 
55.1153 

51137 
3.61828 

O.036H38 
0.0001 

<0.01 

GW DATA NITH 3-SIGI1A VALUES HISSING 

UNIVARIATE 

YARIAIlE=TOC 

II 62 SUI1 WGTS 62 
f1EAN 4.21935 SUM 261.6 
STD DEV 7.20503 VARIANCE 51.9124 
5 .. EWHESS 3.46258 KURTOSIS 16.4598 
uss ~270.~4 CSS 3166.66 
C'I 170.761 STD I1EAN 0.915039 
T'IIEAH=O 4.61112 PR08>/T/ 0.0001 
5611 RANK 271.5 PR08> 5 0.0001 
IIUI1 ~= 0 34 
n'1I0RI1AL 0.279068 PROB>D <0.01 

I1ISSING VALUE 
COUIIT I 

~ COUIIT/HOBS 1.59 

-96-

TABLE D-22 

100X MAX 
75% Q3 
SOX MED 
25X QI 

OY. MIN 

RANGE 
Q3-QI 
MODE 

100" I1AX 
75% Q3 
SOY. MED 
25l( QI 

OX MIN 

RANGE 
Ql-QI 
110DE 

QUAHTILESIDEF=4) 

225 
6 
I 
o 
o 

225 
6 
o 

99" 
95X 
90Y. 
lOY. 

5% 
IY. 

QUANTILESIDEF=4) 

45 
5.7 
0.7 

o 
o 

45 
5.7 

o 

99" 
95Y. 
90" 
lOY. 

5lC 
1" 

DPST-83-209 

225 
20.32 
12.02 

o 
o 
o 

45 
17.7 

11.63 
o 
o 
o 

LOWEST 
01 Il5 
0lG34 
0lG32 
0lG28 
0(G23 

LOWEST 
01115 
OIGH 
0(G32 
0(G28 
OIG23 

EXTRD1ES 

10 HIGHEST 10 
) 16 I 11 ) 
) IIIIC21 ) 
) 20.91C17 ) 
) 451G7 ) 
) 2251G21 ) 

EXTHMES 

ID HIGHEST 10 
) 12.lIC30 ) 
) 161 II ) 
) 18(C21 ) 
) 20.91C17 ) . 
) ~51G7 ) 



E. L. ALBENESIUS 

All GW DATA 

UNIVARIATE 

VARUBL E=TIC 

MOMEHTS 

H 
nEAN 
STD DEV 
SKEWtlESS 
USS 
CV 
TlMEAH-O 
SCII RAIIK 
IIUll -= 0 
D'NORMAl 

6l 
13.1H9 
a.H09 
1. 94012 
21424.6 
124.408 
6.nOOl 

770 
55 

0.226862 

SUM WGTS 
SUM 
VARIANCE 
KURTOSIS 
CSS 
STO MEAN 
PROD'ITI 
PROD> 5 

PROD>!) 

6l 
827.5 

267.024 
3.35109 
16555.5 
2.05875 

0.0001 
0.0001 

~0.01 

GW DATA WITH ~-5IGMA VALUES MISSING 

UIHURIATE 

VARIABLE=TJC 

tlOflENTS 

II 61 SUM WGTS 61 
"1 fAIl 11. 359 SUM 692.9 sro DEV IJ.2076 VARIANCE 114.441 
SKEWI/ESS 1.80874 KURTOSIS 2.82856 uss 18JH .1 CSS 10466.5 r.v 116.274 STD MEAN 1.69106 
r'MEAH=O 6.71708 PROB>ITI 0.0001 
SGII RAIIK 715.5 PROB> S 0.0001 
111111 - = 0 53 
D:I/ORIIAL 0.213108 PROB>D <0.01 

IlIS5111G VALUE 
COUNT 2 

~ COUHT/HOBS l.17 

-97-

100Y. 11AX 
75Y. Ql 
SOY. MED 
25Y. Ql 

ox mH 
RANGE 
Q3-Ql 
MODE 

100% MAX 
75% Q3 
50~ MED 
25% Ql 

0% MIN 

RANGE 
Q3-QI 
MODE 

QUAHTILEseDEF=4) 

71.1 
17 

7 
l 
o 

71.1 
14 

o 

99Y. 
95Y. 
90;' 
lO~ 

54 
IX 

QUAHTILEseDEF=4) 

56.5 
14.55 

7 
J 
o 

56.S 
11.55 

o 

99% 
95" 
90y. 
10" 

5Y. 
III 

DPST-83-209 

71.1 
54.9199 

38.64 
o 
o 
o 

56.5 
47.0999 
35.5799 

o 
o 
o 

LOWEST 
OCGl6 
OCGI7 
o (G13 
0(E36 
0(E32 

LOWEST 
0(G36 
O(G17 
OCG13 
OCE36 
0(El2 

EXTREMES 

10 HIGHEST ID 
) 48eG7 ) 
) 43.6([3 ) 
) %.5CO ) 
) 6LSCCS ) 
) 71.1(A5 ) 

EXTREMES 

ID IIlGHES T 10 
) l3.lIE5 
) 39CC9 
) 48(G7 ) , 
) ~8.6eEJ ) 
) 56.5eC3 ) 
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APPENDIX E 

A SU~~RY OF THE CHEMICALLY 
ANOMALOUS WELLS 

(INCLUDING TABLES El AND E2) 

DPST-S 3 -20 '3 



E. L. ALB£NESIUS -99- DPsr-B3-20~ 

'rABLE £1. Five most extreme values: Includi!1g all wells outside 
of three standard d~viatio~3 Erc~ ~h~ mean of th~ 
calcu~at~d d~~~rib~tio~c.* 

F A-19 C-9 £-17 E-3 C-15 

(ppm F) 0.5 0.42 0.4 O. 4 O. 4 

Cl 1-13 G-7 1-15 G-21 1-17 

(ppm Cll 152 45 35 11 16.3 

N03 1-15 £-32 1-1 G-34 G-15 

(ppm N0
3

) 28 25.2 22 18.2 16.8 

8°4 £-17 C-5 G-9 C-3 A-5 

(ppm 504) 111 24 21 16.4 15.8 

P04 £-5** E-17** A-36 C-23 I-I 

(ppm PDq) 15.1 13.7 1.8 1.6 O. 2 

H;aSi03 C-3 A-5 c-s E-5 G-23 

(ppm Si) 15.7 15.7 10.5 6.61 6.38 -
Na I-13 C-9 G-7 C-3 B-17 

(ppm Na) 40.1 38.8 '.ll..:.l 31. 9 30 

* These values ar~ unQelO"lined. See Appendix D for dis tr iou Hons. 

** Detected only as phosphonls by plasma emission. presence of 
phosphate could not be confirmed. 
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TABLE El. Cont'd 

A Summarv of E.:<treme Vlllje~· Includitlq all N~ll~ 
outside of three standa:-i d-:" ia t.ion.:; Eroiti the ~naan 0: 
the calculated distributions. 

K 1-13 A-ll E-17 G -9 A-S 

(ppm Kl 110 18.4 10.4 8. 5 6. 6 

Ca G-23 C-5 A-S E-17 C-3 

(ppm Cal 105 102 1£ 56 44 

Ba 1-13 1-17 C-36 G-l E-36 

(ppm Bal .ll.d ' 2.4 1.2 0.92 0.83 

Sr C-5 A-S G-23 C-36 1-13 

(ppm Sr 0.61 0.6 0.51 0.5 0.48 

Fe G-21 G-7 C-19 I-I G-30 

(ppm Fe 113 61 13 O. 8 0.7 

Mg G-7 I-IS C-19 I-I G-30 

(ppm Mg) .1Q. 7.6 4. 3 3.51 3. 4 

00 G-7 G-23 E-30 C-9 1-5 

(ppm 02) 1.5 1.7 2.0 2. 4 2.5 
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HiBLE £1. Con t' d 

A S'.lmmary of Ex:'"C~me Ija~t:.es: Int::lud:'l1g all ''''~11s 
out3ide of three 5tandar5 devia~ion~ fro~ the mean of 
the calculated distributions. 

Temp - not a continuous (variable) function 

Conductivity G-7 

mho/em) 

pfi 

Mv 

(low) E-7 

(hi9h) E-19 

7.17 

G-7 

(millivolts 
vs. NllE) 

172 

TOC G-21 

(ppm C) 225 

TIC 1\-5 

(ppm C) 71 

G-2l 

E-13 

2.91 

A-3 

6.95 

G-9 

264 

G-7 

45 

C-5 

I-13 

G-36 

3.45 

C-5 

6.86 

C-19 

345 

C-17 

20.9 

C-3 

A-5 

E-9 

3.88 

A-5 

6.81 

G-21 

369 

C-21 

18 

E-3 

49 

E-17 

310 

E-30 

4.07 

C-9 

6.64 

C-5 

379 

I-l 

16 

G-7 

48 



E. L. ALBENESIUS -102- DPST-83-209 

WELL 

A-I 

A-3 
A-9 

C-l 
C-3 
C-13 

C-15 
C-17 
E-13 
E-17 

E-19 

G-17 
G-21 

G-34 

I-I 

1-5 

1-7 

1-9 
1-13 

1-17 

TA.BLE S2 
LOW-LEVEL COUNTING SU~~ARY: 

CO,'1PARISON WITlf PREDICrIONS SASED ON 
TRANSPORT CHEMISTRya 

RADIONUCLIDES 
PREDICTED 

None 

None 
None 

None 
C15-l37 

None 
None 
None 
None 

Pu(IV), Pu(VI)' 
Sr-90, Cs-137 

None 

None 
Pu(IV), Sr-90 

Cs-137 

None 

None 

None 

None 

None 
Sr-90, Cs-137 

None 

RADIONUCLIDES 
DETECTED 

Noneb 

sr-90, Pu-23Sc 
None 

Sr-90, PU-238/239c 
PU-238 

Noneb 

pu-238/239d 

None 
None 

Cs-137, Co-60 

Noneb 

Noneb 

PU-238/239, Cs-137 
Sr-9U 
~oneb 
Noneb 

Noneb 

Noneb 

PU-23Sd 

Pu-238, Cs-137, 
Sr-90 
Pu-238 

a. Predictions are based on the 3-sigma criterion discussed in the 
teNt. See alao Tables E-l and D-l and Appendix E. 

b. Low-level alpha and gamma analyses, but Sr-90 was not 
measured. 

c. Contamination apparently mobilized by complexants from 
equipment decontamination facility. 

d. Contamination known to be related to solvent spill (see text, 
Operation's History). 
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APPENDIX E 

A SUM."l1I-"\Y OF 'NIE CHEMICALLY 
ANOMALOUS WELLS 

(INCLUDING TABLES El ~~D E2l 

DPST-B3-209 
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SUM:.1l1RY OF SUSPECT WELLS 

A-5 Ilis :~-=11 is anomalously hi"h (~.or~ ':han 3 '0.".. --", ""~ 
mean of all wells) in calcium carbonate, .silica an:;' s::ronci :':1, 
probably all from natural sources. As described pre~iously, 
calcium mobilizes Sr-90, and free carbonate (1.8 x 10-6 M co~­
calculated for well A-S) could favor the formation of t~e 
mobile hydroxycarbonate species with any available Pu(.I). 
The hydroxycarbonate of Pu(VI) is favored over the insolubl= 
Pu(VI) carbonate by 4 x 10 4. This places Well 11-5 a~ong the 
ten monitoring wells that are most susceptible to this co~­
plexation. 

The most favorable oxidation states for plutonium in Well 
A-S appear to be Pu(V) and Pu(III). Pu(V) is favor~d by over 
lOS with respect to PuCIII), and Pu(VI) is about 1010 
more stable than PuClV) under the prevailing conditions 
(pH. 6.8, Ea • 0.5 volts). FuCV), which is not well 
complexed, is about 10 7 times more stable than the free 
Pu(VI), but Pu(vJJ hydroxycarbonate is also favored over 
PU022+ by 8 x lOll. The net increase in 
solubility of plutonium due to the hydroxycarbonate complex 
is nearly 105 'with respect to Pu (V), which is the most 
th@rmodynamically stable form of free plutonium in this 
system. 

In a soil-water equilibrium, the dissolution of plutonium 
is reduced by a factor that can be related to the operating 
distribution coefficient (usually 10 3 to 10 4 ). The 
predicted concen tration of plutonium for a homog,eneous system 
that is in equilibrium with solid plutonium oxide, along with 
water of the same composition as that in well A-5, and typical 
burial ground soil, is on the order of the solubility of 
plutonium in that water. This is because, as described above, 
most of the soluble plutonium would be present as the 
non-exchangeable Canionic) hydroxycarbonate complex. 

Well A-S is also among the top five in sulfate (15.8 
ppm), potaSSium (6.6 ppm), pH (6.811, and magnesium (3.4 ppm) 
and is a "suspeet" for its high conductivity C360;,mho/cm). 
These observations indicate the influence of a nearby trench 
and cl@arly mark A-5 as a well with the po~ential of bein~ 
contaminated by fission product activity from that trench. 
However, radiochemical data on Well A-5 show low values C<60 
pCi/L since 1976) for non-volatile beta-gamma activity, with a 
ne~ative year-to-y@ar slope (-5.8 pCi/L ~ince 1976). This 
well is probably stabilizing, and it is unli~ely to show a 
significant increase in fission products in the near future. 
The alpha activity in this well is 6th highest of all burial 
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ground wells (4 pei/L) and is increasing slightly, 'it th~ nc"> 
of 0.24 pCi/L-y~a~. 

A lew-level pulse height analysis, a Jaa~a aca~, a~l 
Sr-90 analysis should all be performed on ~ell A-5 to 
determine the source of the activity. Regular monitor.ing of 
this well should continue along with the other "Suilpect" 
wells. 

1\.-11 Well A-U is mentioned here because it contains 13.4 Oc.l.n 

of potassium. This concentration is sufficiently large to 
exclude Well A-II from a modified distribution of potassium 
values for all wells. The modified distribution was obtained, 
as described previously, by first excluding all wells that 
deviated by three standard deviations or more froln the mean of 
the best· potassium values for all wells. 

Potassium, being poorly hydrated and about the same size 
as ceSium, competes relatively well with Cesium-137 for ion 
eXChange sites on the soil. In situations of slow kinetics 
(or non-equilibrium) Cesium-137 might be moved at very low 
concentrations and could reach the groundwater at trace 
levels. Ultra-trace analysis of radioisotopes has not been 
performed yet, but the gross alpha and non-volatile beta-ga~~a 
measurements indicate no activity above background. 

A-19 Well A-19 contains more fluoride than any other 

* 

monitoring well (0.5 ppm). As described in the section 0.1 

fluoride, even this small amount may be able to complex 
Plutonium (VI). The menitoring results of this well are also 
negative for gross alpha and non-volat~le beta-gamma. 
Low-level analysis has not been performed. 

The anionic fluoride complex (Pu02r'3-) i3 favored in this 
well by a factor of 1100 over the free plutonium (VI) cation. 
However, the hydroxycarbonate complex may be m~5e important 
since it is favored in this well by roughly 10 over the 
free Plutonium (VI) cation. Plutonium(V) is the most stable 
species at the pH and reduction potential of Well A-19, but 
10% of Pu(III) would also be expected. The free Pu(VI) 
concentration would be on the order of one part per million of 
the dissolved Pu(V). Complexation of Pu(VI) mobilizes some 
plutonium, but soil adsorption and hydrolysis of Pu(III) hav~ 
the opposite effect. Therefore, only traces of Pu(VI) 
complexes would be likely to remain in solution. 

Best values denote averages of all avail~ble data for each 
individual well. 
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A-36 This well is cons idered a radionuc 1 ide mi·:F3.tiO'l 
"suspect" because 1.8 ppm of phosphat~ ~z~~ de~!~t!d ~::!~!. 
IThis concentration is also mor~ t~.'l t:lr,!e 4~.~j~rd 
deviations higher than tr.e mean of t'n.: 'no..l~,:i~<.i di.cri~'-:")'l.) 
Phosphate at this concentration complexes PuIIV) =Efect~-.. "'l!, 
the ratio of the tetra-anion complex to free PuIIV) being 
1.6 x 10 19 at equilibrium. PuIIV) is not stabl.~ l" this 
well with respect to PuIIII), except at vary sonall 
concentration ratios (1 part per million). ~oNever, the 
oxidized plutonium states are only slightly favored ovet 
Pu(IV) and Pu(lIl) in this well, and phosphate would shi=t the 
equilibrium toward PuIIV). 

If this water were at a source of plutonium, the 
complexation reaction would be limited by the phosphate 
concentration. During transport, the plutonium concentration 
would diminish through dilution, but soil adsorption would 
have little impact on such a strong anionic complex. 

Therefore, well A-36 should be analyzed carefully for 
traces of plutonium. 

C-3 This well was high in silica, sodium, and inorganic 
carbon. It was also among the highest in sulfate and calcium. 
Of these, the most significant are the high sodium and 
inorganiC carbon, both of which exceeded the mean lof the 
modified distribution) by over three standard deviations. The 
sodium, and probably most of the carbonate, came from a 
man-made source (trench). 

The sodium concentration of 31.9 ppm could be enough to 
enable a detectable quantity of Cs-137 to reach tta 
groundwater under non-equilib.ium conditions. Howe'Ter, the 
low-level count performed on a water sample from C-3 indicates 
that this has not happened so far. Since equilibrium strictly 
favors the irreversible retention of cesium by the soil 
column, very little, if any, Cesium-137 would be expected to 
emerge later. Traces of Sr-90 could appear later, however, 
due to gradual elution by sodium and calcium. Low-level 
analysis detected no Strontium-90 or Cesium-137 in Well C-3 
«6 pei/L and <8 pCi/L respectively). 

Traces of Pu-238 12:1 pCi) were detected in Well C-3, but 
no Pu-239 was detectable. This contamination may be due to 
the remaining traces of contamination from an eqllipment 
decontamination station that was once located in the northwest 
corner of the burial ground. Although the exact location of 
the station is not known, it i~ beliaved to have been just 
north of grid Well A-3 Isee Section V, Burial Ground 
History) . 
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The high pH of Well C-3 (6.14) favor~ the o~idizej statal 
of plutonium, blJt t:.h~ -:)·.o:i.3a~.ion-1':'eI1:...l.r;':io'l 90c.~:.ti.al L; 10.-1. 
T:"'lis ~eans that P~(V) i.~ ':.::~ :-n2~': ':.:-:-=":"~'J'~\!n~"'.:.~~l:'r 3':~~~:~ 
state for plutonium. T~e calcula~~d equiiioril~ c;ns:ant for 
hydroxycarbonate complexation Ot Pu(VI) is abou~ lOla, but 
so is the ratio of Pu(V)/Pu(VII. Plutonium would, therefore, 
move roughly as fast as the free Pu(V) in this system. 

C-5 Total inorganic carbon, calcium, and strontium ~ere hig~ 
in Well C-5. Sulfate and silica also e><c'!edea tile criteria 
for suspecting chemical contamination. In addition, the pH of 
Well C-5 was the third highest of all wellR. 

These values lead one to expect Sr-90 to appear in Well 
C-S. Unfortunately, C-5 has not been analyzed for trace 
levels of this radionuclide. Traces of other cationic 
radionuclides could be mobili~ed by the high calcium 
concentration, but the most important variable is probably the 
large amount of free carbonate, which could theoretically 
mobilize Plutonium (VI). The likelihood of hydroxycarbonate 
plutonium compleXation is about two orders of magnitude lower 
than for Well A-5 because the redox potential of Well c-5 is 
about 120 mv lower. 

C-9 Monitoring Well C-9 is abnormally high in sodium for the 
lithology of the SRP Burial Ground, indicating that it, too, 
contains chemical contam~nation from the waste trenches. T~is 
concentration (1.7 x 10- M) is too low to significantly 
enhance the overall mobility of Cs-137 or even Sr-90 by the 
soil (see Sodium). However, this concentration could shift 
the surface potential of the soil positively enough to allow 
an extremely low concentration of Cs-137 to reach the 
groundwater. This scenario is not highly probable, but does 
halle credibility, since similar effects see.n to ha,,-a occurred 
in wells E-17, G-21 and 1-13. Well C-5 should therefore be 
analyzed carefully for traces of Cs-137 ~,d Sr-90. Well C-9 
is also more alkaline (pH 6.64) than all but four other wells 
and it contained 0.42 ppm of fluoride. Pu (VI) could 
therefore be mobilized at very low concentrations around this 
well. 

C-19 Well C-19 contains 13 ppm of iron, presumably as Fe(II) 
rather than complexed Fe(III). The oxidation potential of 
this well was also low (0.345 V vs. SHE) as was the dissolved 
oxygen cont@nt (2.7 ppm at 22·C). Interestingly, the organic 
carbon content was below the detection limit (about 1 ppm in 
most determinations). 

This well should be considered a candidate for low-level 
analysis, and is likely to contain traces of Sr-90 and 
Cs-l37. 
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C-23 This well cont3.ins 1. 6 ppm of ?',-.=,.::;::ha::", .. ~ich coul1 
indicate a potential S,)U,Cf! 0E 1)'1 (I'i). :;':1"1i'1, C"'.~'J'.""ti-:>,~" 
(see Phosphate), pr~~ict ~ lilni~~d ~~~~~:i~l E~r ~',i; 

transport mec~anism, t~~ 

in this monitoring well. 
~ra=2S of 2:U=~.1~~~ m!]h: ~~ '~a:a~,:~~ 

(S3e well '\-36) 

E-5 High concentrations of phosphoru3 (15.1 ppm) we~e 
detected in one sample crom this .. ell in 1981. Suoseque<1t 
analysis of this sample could detect no orthophosphate. 
Samples obtained in 1982 h3.'1e ,,1-]0,·10 no de~ectable ;:;hosphorus 
of any kind. Potential explanations include analytical error 
(plasma emission), but TBP-solvent contamination on the soil 
at the height of the water table (at that time) is also 
conceivable. Variations of this kind have been seen beEore 
in locations around the 1971 solvent spill (REF. 
OPST-77-49S). 

, 
Well E-S should be analyzed for traces of plutonium 

activity. 

E-7 The pH in this well was exceptionally low (pH ~ 2.38). 
However, none of the other par5~eters, including conductivity, 
were significantly deviant. As expected, the total carbonate . 
concentration in this well was lower than normal. 

In low pH systems of this kind, the bulk migration rate 
of Ru-106, Sr-90, and Cs-137 are greatly enhanced. (5e3 [>r;) 
This well should therefore be suspected of containing traceS 
of these radionuclides. The levels of Sr-90 contamination 
would be expected to be higher than those oE other fission 
products ~f pH does affect radionuclide transport around this 
well. 

E-17 This well con tains eleva ted concen trations of sodi u'" (30 
ppm), calcium (56 ppm), potassium 110 ppm), and su"::',,te (Ill 
ppm). Like Well E-5, it also appeared to contain a phosphorus 
compound (13.7 ppm P) in 1981. The pH was relatively high 
(6.54), fluoride was present (0.4 ppm), and the conductivity 
was fifth highest of all wells (310 ,"mho/em). 

This well has a history of non-volatile beta-gamma 
contamination and it is in the vicinity of the TBP/ultrasene 
solvent spill that occur~ed in 1971 (see Operation's History). 
Both Cs-137 ~~d Co-60 have been detected by low-level gamma 
spec~rome~ry. No Sr-90 o~ pl~toni~m isotopes we.e detected, 
but continued lOW-level monitoring should be per£ormed. 

G-7 This well was anomolous in more chemical parameters tha~ 
any other well. The oxidation-reduction potential was the 
lowest (0.172 V vs. S.H.E.), conductivity the highest (530 
~o/cm), magnesium the highest (39.9 ppm), and iron the 
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second highest (60.6 ppm) of all ~al13. Total organic carbon, 
sodium and chloride ~ara ~ll qtati~~i~.ll! .bn7=~sl, and tha 
di·3101'"a<.1 ox'nan ".3.:; only 1. S 908 (at 21 ',:). Ih" i:1organic 
ca=~o~ daa ~~ P?~, w~ich ~:~;;a~li aCCQU~~~ i~r ~::~ cdla~iv~ly 
high pH (6.48). 

Careful analysis of this I"all would probably detect 
Cs-137, Sr-90 and several othar fission products. The 
extremely high concentration of dissol'Jad organic cac;;,cn (45 
ppm) that was detected in thi3 well meana that pluto~~~~ may 
also be present as an organic complex of ?u{IV). Aside fcom a 
detailed radiochemical analysis, this "ell is a prime can:l.idate 
for a complete organic analysis. 

G-9 Well G-9 is statistically high in sulfate (21 ppm). It 
also is slightly high in magnesium, potassium, and sodium. 

, The presence of organic carbon and the low oxidation-reduction 
potential (O.264 V) could be signs of organic complexation 
strength. However, the conductivity of this well (l40rmho/cm) 
is only slightly higher than the average. 

This well probably does not contain Sr-90 or Cs-137 at 
measurable levels. Plutonium could be present, but only in the 
form of an organic complex of Pu (IV). 

G-21 'rhis well has long bean identified a~ a "bad actor" in the 
543-G Burial Ground. It has a history of tritium 
contamination, plutonium contamination (pu-23a/239), and 
non-volatile beta-gamma contamination (see Tables Bl-82). 
Sr-90 has been detected at 1600 pCi/L in ~ell G-2l. 

The well water is reduced relativ~ to the surrounding 
systam (dissolved oxygen = 2.8 ppm, Eh=O.369 V). The pH i.3 a 
moderate 5.03 but the iron concentration aDd disso17ed organic 
carbon were the highest detected in the burial JcounJ (?~ • 
112.8 ppm, TOC = 225 ppm). Chloride was also relativelY high 
at 33 ppm. 

The chemical parameter most responsible for the strontium 
migration here may be the large amount of iron in solution. 
The plutonium is probably in the form of organic complexes of 
Pu (IV). 

Additional low-level analyses of this well should be 
performed. The source of the contamination and the operating 
"Kd" for the radionuclides in this system should be 
identified through coring studies. A complete analysis ~: the 
organics in the system is also highly desirable. 
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G-23 T~-:is ;~·al! ,~C-. ::-.: .... :: c~lcid-:1 a:: 1J5 9?D, a concentraticn 
t~1at i~ :'ig~ -e~:?;. (. -:..:- !:'~Juc~ :h.:: ;.;:~: ~.: 3:.--90 ~o aboL:t lr. :?r: 
::-:.~ :;:;i2..~ :'11 ::::: :.1:_- .... -:.: ~r~ll.-:·~ :-~·;i.~.-L. :"-:~ ::!.i':";3~1;!~": C.<.\~.-;'::::' .. , 

.j).': ..:.,: -.. " •• ~ D)~! \.::.--. .. ~ I -?.-.-': ";'. ~~~.I.";:~ /~ :'.:' ',;~~ L" ~ 
~ mr.c! cm. Other ~ac~~~s ware apprcximately normal. 

Sa.l[)}..g; cf t/2.t~~ trom ~'lall u-23 sL'!CL!.J.d oe s!.lbrnittec :or 
lo~-level analysi5, as;ecially Jr-9C. 

1-13 ~l~~cugh mc~t ~i the activi~y is frolu na~urally cccuc~in; 
source;;, · .. ,ell 1-13 bas a histor? of alpha and b~ta-ga;n..1'.a 
ccncamination (se,= Table B1). Bowever, given the hiqh level:; 
of chemical contamination that were measur~d, i~ is not 
surprising that Cs-137 (10 pCi/L), Sr-90 (19 pCi/L) and even 
trace levels of plutonium (2 .:!: 1 pCi/L of Pu-239) "ere 
identified in that well. Well 1-13 is also one of the wells 
that were contaminated with TBP/ultrasene extraction solvent in 
1971. 

The conductivity of water samples from Well 1-13 was 450 
~mho/cm). Abnormally high levels of three cations were 
measured, including potassium (110 ppm), 30di'lm (40 ppm) and 
barium (21 !'pm). 1-13 was one of only three wells that 
exceeded 1 ppm of barium, and it contained by far the mos~. 
The next highest was 2.4 ppm, detected in Well 1-17. Chlc~id~ 
was 152 ppm in 1-13, alBo the highest of any well. 

T:1is well should be analyzed in the rClture to '!erl:" the 
apparent downward trend in radionuclide contamination level;;. 
Additional chemical monitoring should be employed to d;cec~ any 
correlation between changes in activity and the chemical 
contamination level. Trace level organic analysis s~oa11 also 
be attempt@d, to test the hypothesia that p~~lccn~l:~ 
contamination has come about so'!.ely d\..!: t.o t:12 2C~~,··~,1;: 59i11 
which occurred in 1971. 

I-IS This well was statistically abnormal in chloride (35 ppm). 
Nitrate (28 ppm), magnesium (7.60 ppm) and sodium (19 ppm) war" 
also slightly high, but the overall conductivity was actually 
lower than average due to the lack of calciu~ carbonate. 

Enhanced radionuclide transport is not predicted around 
this well. 

1-17 This well is anomalous for its barium content (2.4 ppm). 
The magnesium to calcium concen~ra~ion ratio is slightlv hig~, 
but it is uncertain whe~her this indicates ~atural or «wa~t~· 
calcium. Several other apparently normal ~9113 wera a130 
slightly higher than average in magnesil1:n/c3.1::i'.lrn. Ot!19r 
parameters were approximately normal. Radi':lactivity would no: 
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b~ ~Ko.c~eJ in Well 1-17, but the 9re~GnCe of b~rium (2.4 
) ~'!I" "'0' 'oean ~'''::'-·l.:::lI..-OI''y· ::av-. .. -: .... Qd an" t', .. · .. ~ .... ""··'d ~"'.!> i?.?::'I. , ...... ;;;: '" I,., "'" .... u_''1. .~'-CJ.. ;:""._J..!..~ ... "_" ..... 1.-.: __ '_"-,u._ -'_ 

;·)'f.? ~1)~'I~;.·~~nC'~ 0:: =:::·,~:'--:;9.c':i'ri.~! (~a-22J ~~~; '·:i::' b.;t':."t'..!"i). 

Ap;n:·o,dmately 2 pCi/L of Pu-233 were detected in this well 
(Jan. 1981J. Additional measurements are needed to conEir:n 
this finding, which could be caused by organic compl@xation. 
Even 1. 6 ppm (the Toe in I-17) of a cOlor,>i>;,xing agen t cou 11 
mobilize measurable concentrations of Pu (IV). Although it was 
not one of the wells that were affecced originally, Well I-17 
may have been contaminated slightly by the solvent spill that 
occurred in 1971 (s@e Operation's History). . 
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RADIOAc'rrVE WELLS WlTd "NOR,'I!\L" CHEMISTRY 
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A_1 Bx=ept for having the ascond high~st pH (6.951 of all 
~')ni~':)l':,ing well.;;, ~ell A-3 ;.;r;;J.; l..ln:r~.nu.r;";able in i:'5 chemi.5try, 
'~L1: ':~~I.:r.-::":.;)r8, ' • .,.3'3 nee a 113',,!~~;.e~:;:" · . .,~ll ii. '::--:a~ =espect. 
:-,.: :'='.1=~, i:. i~a.; 11ad a i::.:so:::' o~ j~ca-:;3.L:l{;la ,~::::'i1fi'=.y Sil1C2 ~.: 
\lIas first sa.mpled, so a 10'rJ-level radiochemical analysis was 
~arformed. Alpha activity (Pu-23S) and fission products 
(ea-l37 anJ ~r-90) ware datec~ed. 

The source of the contamination probably lies in the fact 
that an e~uip~ent decontamination 3tation o~ce operated 
nearby. The predicted flow path of complexed macerial i3 from 
the old station, through A-3, through ~ells C-l and C-3 and 
then to the south and wes t (::ee Figure 5). The trend of data 
over the past five years on Well A-3 is tovlard 10~ler and lower 
non-volatile beta-gamma activities (with a 5-year average 
slope of -138.5 pCi/L-yr). Present levels of activity are 
less than 70 pCi/L non-volatile beta-gamma so pCi/L of Sr-90 
and 11 pCi/L of Pu-238. Since the decontamination station is 
no longer operating, this downward trend is expected to 
continue. 

C-3 The only man made activity that ""as detectable in this 
well was a trace of plutonium (2 + 1 pCi/L of Pu-238). Since 
no Pu-239 was detected, precise measurement of the 23&/239 
ratio could not be used to confirm or deny the theory that a 
common sou rca was responsible for th-: contamination in t-7ells 
::-1, C-3, and A-3 (see Operations Hi5tcc,TI. 

C-lS This well does not show any unusual chemical 
characterL,tics other than the presence of 0.4 ppm of 
fluoride. As described previously (see Fluoride) this 
concentration could mobilize small amoun:s of Fu(VI). 

Nell C-IS has a history of alpja contamination (sea. 
radiochemical data, Table 311, and both ?u-238 and Pu-239 have 
been identified in that well. Although i~ is possible that 
flou.ige contributed to the mobility of the plutonium, the 
most likely t.ansport mechanism i~ organic complexation, 
probably in the form of TBP and its degradaticn products. 
These complexes could have co,ne from t:,e solvent burning 
operations which took place in the trenches near there. An 
even more likely source, however, is the solvent spill, in 
1971, which allowed several hundred gallons of solvent to 
reach the water table (see Operations History). 

1-9 A trace of plutonium was detected i~ this well 
(2 .! 1 pCi/L of P',l-238) .rhe :;ource ··la3 ::>robably 'I'SP-kerosene 
extraction solvent that was spilled in 1971 (a~e Operations 
History) . 
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