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Summary
Water content plays a crucial role in the strategy developed by Webb et al. (1995) to prevent propagating or sustainable chemical reactions in the organic-bearing wastes stored in the 20 Organic Tank
Watch List tanks at the U. S. Department of Energy's Hanford Site. Because of water's importance in
ensuring that the organic-bearing wastes continue to be stored safely, Duke Engineering and Services
Hanford commissioned the Pacific Northwest National Laboratory to investigate the effect of water
partial pressure (PJQO) o n the water content of organic-bearing or representative wastes. Of the various
interrelated controlling factors affecting the water content in wastes, P^Q is the most susceptible to being
controlled by the arid Hanford Site's environmental conditions and, if necessary, could be managed to
maintain the water content at an acceptable level or could be used to adjust the water content back to an
acceptable level.
Of the various waste types resulting from weapons production and waste-management operations at
the Hanford Site, Webb et al. (1995) determined that saltcake wastes are the most likely to require active
management to maintain the wastes in a Conditionally Safe condition. Webb et al. identified Tank
U-105 as a Conditionally Safe saltcake tank. A Conditionally Safe waste is one that is currently safe
based on waste classification criteria but could, if dried, be classified as "Unsafe." To provide information on the behavior of organic-bearing wastes, the Westinghouse Hanford Company provided us with
four waste samples taken from Tank 241-U-105 (U-105) to determine the effect of P^o on their
equilibrium water content.
In these U-105 studies, PNNL exposed waste obtained by Core 131 from the two uppermost
48-cm-segment samples (Segments 2U and 3U), by Core 133 from its uppermost 48-cm-segment sample
(Segment 3), and by Core 136 from its uppermost 48-cm-segment sample (Segment 3U) to water partial
pressures of 2.7, 8.7, 23,33, and 37 torr at 34°C, the highest temperature observed in the solid waste in
U-105. These water partial pressures encompass the minimum P^o observed in the atmosphere at the
Hanford Site between 1985 and 1995 and the higher water partial pressures that may exist in the tank.
The water content was monitored until stabilized or appeared to be approaching a stable level, at which
time the samples exposed to 2.7 and 37 torr were exchanged between humidity baths to determine
whether hydration and dehydration had an effect on the retentive capabilities of these wastes and whether
the samples had achieved a true equilibrium water content. The water contents of the equilibrated
samples were determined gravimetrically by drying in a 105° C oven until a stable mass was reached.
Core 131 Segments 2U and 3U, Core 133 Segment 3, and Core 136 Segment 3U have similar,
although slightly different, equilibrium water contents after exposure to water vapor pressures ranging
from 2.7 torr, near the Hanford minimum PJCO between 1989 and 1995, and 37 torr. For water partial
pressures of 2.7, 8.7,23, 33, and 37 torr, the average equilibrium or terminal water contents for Core 131
Segment 2U are 8,12,33, 69, and 75 wt%, respectively. The waste sample obtained by Core 131
Segment 3U had equilibrium water contents of 5, 7,26, 67, and 74 wt% at the same water partial
pressures, respectively. The physical appearances of these samples at the end of testing are provided in
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Table 4.2. For each sample, the samples exposed to the two lower water partial pressures were dry
solids, those exposed to 23 torr were moist solids, and the upper two water partial pressures were
primarily liquid with some solids.
Our studies indicate that, as expected, the equilibrium water content of these saltcake and sludge
wastes depends on the P^o- Exposure to water partial pressures ranging from 2.7 to 37 torr resulted in
water contents in the samples ranging from 5 to 76 wt% water, respectively. The equilibrium or terminal
water contents for these waste sjunples from the different cores and segments were similar, ranging from
5 to 8 wt% at 2.7 torr, 7 to 12 w1% at 8.7 torr, 26 to 37 wt% at 23 torr, 66 to 69 wt% at 33 torr, and 73 to
76 wt% at 37 torr. The waste samples were all primarily sodium nitrate and nitrite, which could explain
the similarities at higher water partial pressures. However, no consistent differences in the reported
chemical compositions provide nay explanation for the observed similarities and differences at the lower
water partial pressures where past work (Scheele, Bredt, and Sell 1996) found that sodium nitrate and
nitrite did not sorb water at low water partial pressures below 12 torr at 22°C and 90 torr at 65°C.
Aluminum and sodium sulfate and phosphate or the unmeasured hydroxide may be the controlling
chemical constituents at the lower water partial pressures because they are hydrophillic, retaining many
waters of hydration. These materials or other minor constituents may control in combination with the
nitrate/nitrite the wastes' water content. We have not studied the behavior of sodium sulfate and
phosphate, and our studies of sodium aluminate yielded anomalous results.
The results of these studies also indicate that if the uppermost wastes in U-105 are allowed to
equilibrate with the ambient Hanford atmospheric water partial pressures ranging from monthly averages
of 3.5 to 8 torr at current waste temperatures (about 30°C), their water contents will range from 5 to
12 wt%. These water contents are less than the 20 wt% water content, guaranteeing that an organicbearing waste will not support a propagating reaction (Webb et al. 1995). Thus, it will be necessaryto
rely on the combined moisture and total organic carbon or energetics criteria to ensure that the wastes
remain Conditionally Safe. At the average Hanford P^o of 5.5 torr, based on interpolation, the
equilibrium water content of the uppermost 96 cm in U-105 will range from 6 to 10 wt% water.
The observed reversibility of the water loss/gain displayed by all four samples shows that water
content in these wastes can be controlled or increased by controlling the P^o in the tank's headspace.
This indicates that it may be possible to rehydrate the U-105 organic-bearing wastes at 20 wt% water
using air with a controlled P^o near 20 torr.
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1.0 Introduction
Twenty of the 177 underground high level radioactive waste storage tanks at the U. S. Department of
Energy's (DOE) Hanford Site have been identified as tanks that contain wastes that originally included
or are suspected of containing potentially reactive combinations of organics and oxidants. Because these
potentially hazardous chemical reactions could release radioactive materials to the environment, the
following 20 tanks have been placed on the Organic Tanks Watch List (Hanlon 1997) to ensure that
special precautions and controls are used for all activities involving the tanks and the wastes stored in
these tanks:
241-A-10.1

241-S-102

241-TX-105

241-U-106

241-AX-102

241-S-lll

241-TX-118

241-U-107

241-B-103

241-SX-103

241-TY-104

241-U-lll

241-C-102

241-SX-106

241-U-103

241-U-203

241-C-103

241-T-lll

241-U-105

241-U-204

Note: Waste storage tanks will be referred to hereafter without the 241- prefix.
Several interrelated factors control the potential for and the consequences of hazardous chemical
reactions between the organics and the oxidants nitrate and nitrite present in the Hanford Site's stored
radioactive wastes. These factors include the identities and concentrations of the organic fuel(s), the
identities and concentrations of the oxidant(s), and the heat absorption and heat transfer properties of the
waste, the tank, and its surrounding environment.
Water's heat-absorption and heat-transfer properties make it one of the primary common waste
components that control whether hazardous self-sustaining reactions (Scheele et al. 1995) or propagating
reactions (Fauske et al. 1995) can occur in an organic-bearing waste (Burger 1995; Fauske et al. 1995);
Fauske et al. found that mixtures of organics and nitrate and/or nitrite would not support a propagating
reaction if the water content exceeded 20 wt%. The lower the water content, the greater the potential that
energetic and vigorous reactions can occur. Because of water's efficiency for preventing propagating
reactions, Webb et al. (1995) used water content as one of the bases for the criteria used to assess the
potential chemical reactivity hazard of a Hanford Site's stored waste. These criteria are based on 1)
water content alone, 2) a combination of water content and total organic carbon (TOC), or 3) a
combination of water content and reaction energetics.
Applying the Webb et al. criteria classifies wastes into the three waste safety categories of "Safe,"
"Conditionally Safe," and "Unsafe." For a waste to be classified as Safe, not even minimal control of
tank configuration is required to maintain the water content at or above 20 wt% or to satisfy the
energetics or TOC criteria (Webb et al. 1995). If minimal controls are required to maintain the waste in
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a condition that satisfies the criteria, then the waste is classified as Conditionally Safe. If the waste does
not satisfy the criteria, the waste is classified as Unsafe in its current condition.
Because of water's importance in determining the hazard level of an organic-bearing waste, it is
important to understand the factors that control the water content in the waste and whether it is necessary
to actively control any of these factors to continue to ensure safe storage or to mitigate a future "unsafe"
situation. Several factors control the waste's water content, including the water partial pressure (PH2O) m
the tank's headspace, the temperature of the waste, the temperature of the surrounding soil, the exchange
rate of air within the tank with the outside air, the outside air's Pm0, and the strength of the chemical
bond(s) between the waste and the retained water. For example, higher water contents will occur at
higher water partial pressures arid lower waste temperatures. Conversely, lower water contents will
occur at lower water partial pressures and higher waste temperatures. In the long term, if the storage
system is allowed to reach equilibrium with the ambient arid Hanford environment, the waste's water
content will be determined by the P^o in the tank's head space, which will be equivalent to or nearly
equal to the ambient Hanford P ^Q provided in Figure 1.1.
In 1996 as part of Pacific Northwest National Laboratory's (PNNL's) Organic Tank Safety Project,
building on established methods to measure water potential in materials such as described by Campbell
and Gee (1986), we developed and demonstrated a method to determine the effect of PH20 on the
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Figure 1.1. Average Hanford Monthly P m o 1980-1995 (Data Provided by KW Burk of PNNL's
Meteorological Group)

1.2

equilibrium water content of Hanford's stored radioactive wastes, providing a means to predict a waste's
future safety status or category. As a result of our development and demonstration effort, we determined
the effect of Pj^o on selected potential waste components, surrogate waste mixtures made of those components, a simulated Hanford waste, and waste from T-l 11 (Scheele, Bredt, and Sell 1996). These
studies showed that the water content of Hanford wastes will depend on the individual waste components' identities and concentrations, temperature, and PH20 Before these studies and the development
effort, little was known about the response of actual Hanford wastes and their major components to P ffl0 ,
nor did the capability exist to measure accurately the effect of water partial pressures on the water
content of radioactive Hanford wastes; Armstrong, Freeman, and Kovach (Postma et al. 1994) studied
the response of simulated ferrocyanide wastes to different water vapor pressures at 25°C.
Later in 1996, we applied the method to determine the equilibrium water content of waste samples
obtained from BY-108 (Scheele, Bredt, and Sell 1997). The BY-108 study found water contents ranging
from 1 to 16 wt% when exposed to the Hanford site monthly average water partial pressures. The
equilibrium water contents were less than the 20 wt% water content criteria (Webb et al. 1995).
In continuing support of the Duke Engineering and Services Hanford (DESH) effort to ensure continued safe storage of Hanford's organic-bearing radioactive wastes, we at PNNL applied the developed
method to determine the effect of P H20 on the water content of waste samples obtained from the Organic
Watch List Tank U-105. This report provides the results of studies on the effect of P^o on the water
content of four waste samples taken from the uppermost 50-cm layer in U-105 by core samplings 131,
133, and 136 taken in February and March 1996. These studies provide the water content of these
samples as a function of time and the equilibrium moisture content as a function of Vm0. These results
can be used to determine whether these wastes and similar wastes will require active management to
ensure that they will retain sufficient water to be classified as "Conditionally Safe" when allowed to
equilibrate with ambient Hanford air. In addition, these studies provide general guidance on the P H20
required to maintain or achieve the desired water content in a waste.

1.3

2.0 Experimental Approach and Method
We used the general experimental approach and procedure provided by Scheele, Bredt, and Sell
(1996) to measure the equilibrium water content of waste samples taken from U-105 when exposed to a
range of water partial pressures that it might experience during storage as it awaits final disposal at the
solid waste's measured maximum temperature of 34°C (Hanlon 1996). The PH2O used for the experiments ranged from 2.7 to 36 torr. These water partial pressures encompass the minimum P^o observed
at the Hanford Site between 1985 and 1995, 3.5 torr, and the higher water partial pressures that may exist
in the tank.
To determine the equilibrium water content of U-105 waste, samples of waste were exposed to a
controlled ¥mo, and the samples' masses were monitored until they stabilized. The water content was
determined by drying the samples at 105 °C to a stable mass and by using thermogravimetric analysis
(TGA) for selected samples. The procedure follows:
• Duplicate 1-g samples are placed in 20-mL glass vials, then placed in 500-mL sealed desiccators
containing saturated solutions to control the P^o a t particular levels, and then placed in a constanttemperature oven. The salts used in the saturated solutions to control P^o were NaOH (2.7 torr),
CaCl2 (8.7 torr), NaBr (23 torr), KC1 (33 torr), and KNO3 (36 torr). A schematic of this system is
shown in Figure 2.1.

H
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Figure 2.1. Schematic of Constant Humidity Chambers Used for Testing
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The samples' masses are monitored frequently at first, with the frequency lessening to weekly
intervals until the mass appears to be stabilizing. Then the frequency is increased to 3-day intervals
until the mass changes are less than 3 mg for a 3-day interval.
Once the masses have stabilized over three successive 3-day intervals, samples exposed to the highest PJCO and the lowest P H20 are exchanged to investigate the reversibility of the water absorption and
desorption. The samples' masses are monitored again until they stabilize, based on the same criteria
used before. Subsamples are then taken from the highest Pj^o and the lowest Pmo for TGA.
The final equilibrium water contents are determined gravimetrically by drying at 105°C to a stable
mass, and TGA is repeated on 105°C dried subsamples taken from the highest PH2O and the lowest
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3.0 Background Information on U-105 and Its Wastes
The single shell tank U-105 is listed on both the "Hydrogen Tank" and the "Organic Tank" Watch
Lists. Tank U-105 was added first to the Hydrogen Tank Watch List in January 1991 and later to the
"Organic Tank Watch List" in May 1994 (Hanlon 1997). Inclusion on the Organic Tank Watch List was
based on historical records that indicated the waste stored in U-105 contained >3 wt% TOC (Babad and
Turner 1993).
Tank U-105, which was constructed during 1943 and 1944, is a concrete tank with a primary mild
steel liner. Tank U-105 has a 2010-kL (530-kgal) capacity, a diameter of 23 m (75 ft), and an operating
depth of 5.18 m (17 ft). The tank has a dished bottom with a 1.2-m (4-ft) radius knuckle. Tank U-105
was the second tank in a cascade of three where overflow wastes from one tank could flow into and from
another tank. For U-105, waste flowed from U-104 to U-105 and then to U-106. The tank was designed
to store non-boiling waste with a maximum temperature of 100°C (220°F) (Brown and Franklin 1996).
Figure 3.1 provides a schematic of U-105 's configuration (Brevick, Stroup, and Funk 1997).
The waste types currently stored in U-105 include, listed from most recent to earliest, 1041 kL of
242-S evaporator waste (72 vol%), 280 kL of 242-T evaporator waste (19 vol%), and 121 kL of metal
waste (8 vol%) (Brown and Franklin 1996). The tank contains 140 kL (37 kgal) of supernate and an
estimated 538 kL (142 kgal) of drainable interstitial liquid (Hanlon 1997). Agriew (1997) provides
compositions and descriptions of these waste types. During its lifetime, U-105 received metal waste,
high-level REDOX waste, cladding waste, evaporator bottoms waste, evaporator waste, evaporator feed,
and residual evaporator liquor.

3.1 Fill History
As Brown and Franklin (1996) describe, Tank U-105 was placed into service in the fourth quarter of
1947 when it first received metal waste cascading from Tank U-104. Tank U-105 continued to receive
metal waste until the 3rd quarter of 1948 when the added metal waste cascaded into U-106.
In the first quarter of 1953, the stored metal waste was flushed with water to U-106. This waste was
later sent to U Plant to recover uranium. In the 4th quarter of 1954, metal waste again cascaded into
U-105 from U-104, filling the tank. In the first quarter of 1956, the operating contractor sluiced the
metal waste in U-104 into U-105. This waste in U-105 was periodically transferred to U-Plant for
uranium recovery. After the final sluicing in 1957 and a subsequent water flush, U-105 was declared
empty.
Tank U-105 remained inactive until the first quarter of 1961 when high level REDOX waste was
cascaded from U-104 into U-105. During the last quarter of 1961, cladding waste stored in U-108 was.
transferred to U-105. The next period of recorded activity occurred in the first quarter of 1974 when
waste was sent to S-l 10.
3.1
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Figure 3.1. Schematic of U-105 (Brevick, Stroup, and Funk 1997)
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In the 2d quarter of 1975, U-105 began receiving evaporator wastes. The first evaporator waste was
evaporator bottoms waste from TX-106. During the 3rd and 4th quarters of 1975 and the first quarter of
1976, evaporator waste from TX-118 arrived. During this same period, the remainder of 1976, and the
first quarter of 1977, waste was sent from U-105 to U-l 11. Beginning in the 2d quarter of 1976, U-105
received wastes from S-102 through the first quarter of 1977. During 1977 and 1978, U-105 received
waste from and sent waste to SY-102. The operating contractor placed U-105 on inactive status in 1979
and partially interim stabilized the tank in 1982. The tank is currently considered sound (Hanlon 1997).

3.2 Temperature
The single thermocouple tree used to measure the temperatures in U-105 at 11 different heights is
located in Riser 1. Riser 1 is located approximately 2 m from the edge of the tank. Brevick et al. (1997)
postulate, based on historical tank-temperature profiles, that thermocouple probes 1 through 7 are located
in or near the surface of the solids, and probes 8 through 11 are located in the tank's vapor space.
Between January 1991 and May 1997, temperatures in Tank U-105 waste solids ranged from 34 to
23°C bottom to top, depending on depth and season. Temperatures varied seasonally with maximum
temperatures occurring in August or September and the minimum temperatures occurring in February
and March. The variability in temperature is less at the lower depths.
The temperatures in U-l05's vapor space ranged from 19 to 31°C between January 1991 and May
1997 with temperatures again depending on the season and the thermocouple height. The thermocouple
in the vapor space nearest the waste, thermocouple 8, measured temperatures ranging from 23 to 31°C.
The highest thermocouple, thermocouple 11, recorded temperatures ranging from 19 to 28°C between
January 1991 and June 1995. Tank U-105 is passively ventilated with no active circulation of vapor,
which probably explains the temperature differences at different heights.

3.3 Core Sampling Event
Three core samples were collected from U-105 in February and March 1996 using the push mode
sampling truck. These core samples are referred to as Core 131, Core 133, and Core 136. Core 131 was
taken from Riser #20 located in the SW quadrant of the tank, nominally 6 m from the center of the tank,
and 5 m from the outside wall (see Figure 3.1 for riser locations); we estimated the distances using the
schematic presented in Figure 3.1, assuming the drawing is roughly to scale, although the drawing does
contain a warning that the drawing is not to scale. The Westinghouse Hanford Company (WHC) took
Core 133 through Riser #2 located in the NW quadrant of the tank nominally 9 m from the center of the
tank and 2 m from the outside wall. WHC took Core 136 through Riser #7 located in the SW quadrant of
U-105 nominally 9 m from the center of the tank or 2 m from the outside wall. Risers #7 and #20 are on
the same radial line from center. The 222-S laboratory, operated by WHC, extruded and analyzed all
three cores.

3.3

As Brown and Franklin (1996) report and Figure 3.2 shows, Core 131 consisted of nine segments. A
full segment is 48 cm in length. Segments are numbered starting from the top of the waste, so Segment 1
will contain material from the uppermost layer of the waste. The Segment 1, 2, 3, 5, and 6 samplings
yielded less than a full segment of material and were subdivided into upper-half segments only. WHC
provided PNNL with waste samples obtained by Segments 2 and 3 for studies to determine their
equilibrium moisture content. WHC obtained no drainable liquid in this sampling. Brown and Franklin
(1996) and Figure 3.2 describe the uppermost recovered solids (Segment 1) as a dark-brown sludge and
the Segment 2 and 3 samples as a dark-brown crystalline saltcake and a dark-brown, crumbly saltcake,
respectively.
The 222S laboratory received nine segments from the Core Sampling 133 (Brown and Franklin
1996). Figure 3.2 shows that Segment 1 yielded liner liquid and drainable liquid only. Segments 2, 3,4,
5, and 6 provided small amount:; of material ranging from 4 to 140 g and were identified as whole
segments. Segment 7 yielded no material. Segments 8 and 9 each provided 35 0-g samples. WHC
provided PNNL with material from Segment 3. Brown and Franklin describe the material obtained by
Segment 3 as a brown damp sludge.
Core Sampling 136 produced ten segment samples with two Segment 9 samples obtained (Brown
and Franklin 1996). Segments •[, 2, and 8 yielded no material (see Figure 3.2). The Segment 3, 4, 5, 6,
and 7 samplings recovered between 70 and 450 g of a black sludge. The first Segment 9 sampling
recovered 314 g of a dark-brown sludge, and the second Segment 9 recovered 370 g of a dark-brown
sludge and 50 g of yellow sludge. WHC provided PNNL with a sample of Segment 3 for equilibrium
moisture testing.

3.4 Composition
As Fauske et all (1995) and we have demonstrated (Scheele, Bredt, and Sell 1996), the equilibrium
water content of a waste or com pound-water mixture at different water partial pressures depends on the
chemical composition. Fauske <;t al. studied NaOH and NaNO3. We studied the effects of P H20 on the
equilibrium moisture content of several potential Hanford organic-bearing waste constituents, surrogate
wastes, a simulated organic-bearing waste, T-l 11 waste, and BY-108 waste. Tables 3.1 through 3.4 show
that the four U-105 waste samples tested vary in their chemical composition although they are all from
the 242-S Evaporator. We reco:|nize that the U-105 wastes at different levels arose from different waste
feeds to the evaporator.
Table 3.1 provides the concentrations on a weight and molar basis of the major chemical constituents
measured as reported by the Haiiford Tank Waste Characterization Program for the wet samples that we
tested (Brown and Franklin 1996). Table 3.2 provides the concentrations on a dry basis. WHC measured
some elements after preparing the sample either by acid digestion or fusing the sample. The concentrations reported in Tables 3.1 and 3.2 are the higher of the two reported values unless the quality control
check found significant variability between duplicate analyses. WHC did not measure sodium hydroxide, a species observed by Fauske (1995) and ourselves (Scheele, Bredt, and Sell 1996) to have a
significant effect on equilibrium water content.
3.4

Profiles below indicate pnmary
con stituen t in sampler and are
intended to reflect tank waste
conditions. In some instances,
extrusion information maybe
adjusted knowing otherkey
information such as previous
water additions.
RISER &OELEV: 685.68'

RISER *2ELEV: 85935'

STANSABQJLABELING CONVENTION:

RISER 87ELEV: 666.451

I**

SS-TOB-AnmaBrial In sample Pom bottom Of stroka.
96-H8-All material In sampk)terntop of stroke.

90X

r

94037"

A

MOST*

p• ^

2ftc

P

SOFT SALT CAKE (DRY)
SOFT SALT CAKE (WET)
HARD SALT CAKE (DRY)
HARD SALT CAKE (WET)
HARD SLUDGE

P

SOFT SLUDGE

••I

Sffir

p

LIQUID
WASH WATER
SAMPLE FAILURE
EMPTY SAMPLER

tOi
P

HARD OBJECT/ TANK BOTTOM
t Z U SEGMENT NOT TAKEN

as

62931'

83X
3ZZ26'

CORE 131

CORE 133

EXPECTED
PROFILE

CORE 138

TANKBerTOM CEM7EB ELEVATION SZTJUf

Figure 3.2. U-105 RMCS Core Profile 04/04/96 Reproduced with Permission of Characterization
Equipment Engineering

3.5

Table 3.1. Concentration (|imol/g) of Major Chemical Components in Tested U-105 Samples on a
Wet Basis (Brown and Franklin 1996)

U-105 Sample
Corel3:i
Segment 2 U

Core 131
Segment 3 U

Core 133
Segment 3

Chemical
Component

Hg/g

Al

11900

440

8995

330

16900

Ca

420

11

380

10

Cr

3500

67

1900

Fe

1000

18

Mn

320

Ni

Hmol/g

umol/g

Core 136
Segment 3U

nmol/g

fimol/g

640

ng/g
12850

240

6

310

8

36

3400

65

3300

63

400

7

960

17

1500

28

6

140

3

340

6

320

6

150

3

150

3

150

3

140

2

P

1100

36

980

31

2100

67

2800

91

K

1500

38

1200

32

1600

41

1700

44

Si

1200

43

<1000

<36

<1100

<40

1100

40

Na

210000

9100

220000

9500

200000

8800

200000

8800

S

7600

240

4000

120

3700

160

3800

190

ci-

4400

120

4000

110

3700

104

3800

108

F"

610

32

260

<14

870

46

940

50

NO3-

150000

2500

380000

6200

250000

4000

180000

3000

NO2"

51000

1100

42000

900

44000

950

45000

980

PO43-

3600

38

9700

102

6500

69

11000

110

SO42"

25000

260

16000

170

13000

130

19000

200

C2O42"

10000

110

8200

93

6600

74

6900

79

TOC

11000

940

8800

740

12000

970

9500

790

TIC

19000

1600

9400

780

32000

2600

11000

880

H2O, w t %

37

36

31

3.6

45

480

Table 3.2. Concentration of Major Chemical Components in Tested U-105 Samples on a
Dry Basis (Brown and Franklin 1996)

U-105 Sample

Chemical
Component

Core 131
Segment 2 U

Core 131
Segment 3U

Hmol/g

Core 133
Segment 3

Hmol/g

Core 136
Segment 3 U

|i.mol/g

ng/g

Hmol/g

1000

24000

870

Al

19000

700

13000

480

^g/g
27000

Ca

680

17

560

14

380

10

560

14

Cr

5600

110

2800

50

5300

100

5900

110

Fe

1600

29

580

10

1500

27

2800

42

Mn

510

9

210

4

540

10

580

11

Ni

240

4

220

4

240

4

250

4

P

1800

57

1400

46

3200

100

5100

160

K

2400

61

1800

46

2500

64

3100

79

Si

1900

69

1500

53

<1800

62

<2000

72

Na

330000

15000

320000

14000

320000

14000

360000

16000

S

12000

380

5800

180

8200

250

11000

340

ci-

7000

200

5800

160

5800

160

6900

200

F-

970

51

380

20

1400

72

1700

90

NO3"

240000

3900

560000

9000

390000

6300

330000

5400

NO2"

81000

1800

61000

1300

68000

1500

82000

1800

PO 4 3 -

5800

61

14000

150

10000

110

19000

200

so4 -

40000

420

24000

250

20000

210

34000

360

CA2"

16000

180

12000

140

10000

120

12000

140

TOC

18000

1500

13000

1100

18000

1500

17000

1400

nc

30000

2500

14000

1100

50000

4100

19000

1600

2
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As shown in Tables 3.1 and 3.2, the principle elements, anions, and other measured constituents,
excluding water, in each of the samples are aluminum, sodium, chromium, nitrate, nitrite, phosphate,
sulfate, chloride, organic carbori including oxalate, and inorganic carbon (carbonate or bicarbonate
depending on pH); note that phosphate and sulfate are components of the measured phosphorous and
sulfur with anions determined using ion chromatography (IC) and the elements determined independently using inductively coupled argon plasma spectroscopy (ICP). It is beyond the scope of this
work to explain the difference between the reported P and PO43" concentrations observed for Core
131 Segment 3U. In general and on a dry basis, these samples have similar compositions, although some
compositional differences exist between the four segments. The aluminum concentrations vary from
480 to 1000 umol/g. The nitrate + nitrite varies from 5700 to 10300 umol/g. The total inorganic carbon
(TIC) varies from 1100 to 4100 umol/g; it is important to note that the amount of TIC in these potentially
high pH samples will depend on their exposure to carbon dioxide in the air.

3.8

4.0 Water Retention of U-105 Waste
Several different chemical forms or types of water can be retained by wastes. As we discussed in our
1996 report (Scheele, Bredt, and Sell 1996), water may be present in tank wastes in a variety of conditions. It may exist as hydrates of differing stabilities; in a hydrate water is a ligand chemically bound or
coordinated with a central atom typically a transition metal. It may be chemisorbed via hydrogen
bonding, or physically adsorbed or retained in capillary-like interstices. It may exist in bulk aqueous
solution having widely different partial pressures depending on the solute and the concentration. The
different thermodynamic activities of these water forms translate into water vapor pressure, and conversely, the water vapor pressure will determine the nature of the water in the waste.
To determine the amount of water retained by waste in U-105, samples taken from Segments 2U and
3U of the Core 131 sampling event, Segment 3 of the Core 133 sampling event, and from Segment 3U of
the Core 136 sampling event from U-105 were exposed to partial pressures of water of 2.7, 8.7,23, 33,
and 37 torr at 34°C, the solid wastes' maximum temperature, to determine the equilibrium water contents
of the uppermost wastes. The water partial pressures used encompass those observed at the arid Hanford
site and others that the waste may experience during its storage lifetime.
After the samples reached stable masses, the samples in the 2.7- and 37-torr vessels were exchanged
and their masses were monitored until stable or deliquescing and forming a drainable liquid. Samples in
the 2.7- and 37-torr water vapor baths were then analyzed by simultaneous TGA and differential thermal
analysis (DTA) before being exchanged. These two samples were chosen for TGA/DTA to assess the
difference in thermal behavior between the extremes in water content and to determine if different types
of water are present in U-105 waste.
The exchanged samples previously in the 2.7- and 37-torr vessels were then reanalyzed by TGA/DTA
at the end of the experiments. All water contents used in the following discussion are based on the water
content determined gravimetricly after drying at 105°C. Thermogravimetric and DTA analyses of the
U-105 wastes equilibrated at a final 37 torr after drying at 105°C indicated that drying at 105°C
effectively removed retained water.
This section provides the measured water content of these samples during the duration of the experiments, the TGAs and DTAs of the as-received waste samples and the samples exposed to final water
partial pressures of 2.7 and 37 torr, and the equilibrium or terminal water contents that these wastes will
achieve if allowed to equilibrate with potential water partial pressures.

4.1 Water Sorption/Desorption with Time
To determine the effect of P^o on the equilibrium water content of the waste in U-105, samples of
waste from Core 131 Segments 2U and 3U, Core 133 Segment 3, and Core 136 Segment 3U taken from
U-105 were exposed to selected water partial pressures. Their masses were monitored until they
stabilized or were beginning to approach a stable mass. In addition to the final equilibrium water content,
4.1

the water sorption and desorption behavior as a function of time provides information on the nature of the
wastes and the types of water retained by these two waste samples. The water content of these four
samples during the course of the experiment is given here in addition to the TGA/DTA analyses after the
experiments were completed.
The reader is reminded that although we are providing water sorption or desorption as a function of
time, differences in surface area, particle size, and particle shape between the tested samples and the
waste in the tank will cause differences in the kinetics of water sorption and desorption. Because of
potential differences in sorption/desorption kinetics, the absolute kinetic results presented here must be
applied cautiously to the behavior of actual wastes. Another limit on the ability to use these data for
predicting rates in the actual tank is the small sample size used for this testing. The equilibration time
should be shorter for these small samples because of the shorter transport distances.

4.1.1 Behavior of Core 131 Segment 2U Waste
As shown in Figure 4.1, the Core 131 Segment 2U samples, which contained about 36 wt% water
when testing began, exposed to 2.7, 8.7, and 23 torr water reached their average equilibrium water
contents of 8,12, and 34 wt% within the first 400 h, respectively; most of the sorbed water in the original
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Figure 4.1. Effect of Exposure Time to Selected Partial Pressures of Water at 34°C on the Water
Content of Samples Obtained by Core 131 Segment 2U from U-105
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sample was lost by 200 h. The samples exposed to 33 torr water deliquesced reaching an equilibrium
water content of 68 wt% by 800 h. At the time that the samples exposed to 37 torr water were transferred
to the 2.7-torr bath at 1080 h, they were continuing to deliquesce, slowly absorbing small amounts of
water in the 37-torr bath; however, it does appear that they were near equilibrium. Water contents of the
duplicate samples had relative percent differences (RPD) of approximately 13,1,1, l,and I%at2.7, 8.7,
23,33, and 36 torr water, respectively.
The behaviors observed for the exchanged samples in the 2.7 torr and 37 torr vessels after stable or
near-stable masses were reached after 1080 h suggest that the observed water contents are a true equilibrium and that the sorption and desorption of water is reversible. As shown in Figure 4.1, Core 131
Segment 2U samples initially equilibrated with 37 torr water when exposed to 2.7 torr water reached their
equilibrium water content of 8 wt% within 280 h. The samples originally exposed to 2.7 torr reached
their as-received water content of 36 wt% within 40 h and then reached 72 wt% water in another 640 h.
This roughly corresponds to the 620 h required for the samples originally exposed to 37 torr to reach
72 wt% water, suggesting equivalent behavior of the two sample sets. This nearly identical behavior
indicates that these samples previously exposed to 2.7 torr would continue to deliquesce, absorbing water
until reaching the same equilibrium water content as its as-received siblings originally exposed to 37 tonwater.
The TGA, the differential of the TGA (DTG), and the DTA analyses of the as-received Core 131
Segment 2U samples indicate that two major types of water are present in the waste stored in U-105
(Figure 4.2) and mat thermally initiated exothermic reactions can occur in mis waste. The DTA and TGA
detected two major endothermic mass losses below 150°C, resulting in a 38-wt% loss corresponding
closely to the gravimetrically determined 37 wt% water. The mass loss with a DTG minimum and DTA
maximum at 60°C is likely due to free or loosely bound water. The mass loss with a DTG minimum and
DTA maximum at 110°C is due to a more tightly bound water.
The DTA of the as-received waste also indicates that an exothermic reaction begins near 200°C. This
initiation temperature is lower than the 400°C or 350°C initiation temperatures observed by Turner and
Miron (1994) and by this laboratory for exothermic reactions between oxalate and nitrate or nitrate/nitrite
or nitrite; PNNL did differential scanning calorimetric (DSC) and DTA/TGA analyses of 6-wt% TOC
oxalate and nitrate or nitrite mixtures in support of efforts to determine if spectrophotometric analyses of
organic functional groups could be used to identify energetic wastes (Wahl et al. 1996).
The single endothermic events characterized by a DTG minimum at 75°C for the samples exposed to
first to 2.7 torr and later 37 torr (Figure 4.3) and the samples exposed first to 37 torr and later 2.7 torr
(Figure 4.4) indicate that a single type of water exists in these treated samples. This is in contrast to the
TGA/DTA observed water behavior for the as-received Core 131 Segment 2U waste. This water is likely
free or loosely bound water. This change in the nature of water in this U-l 05 waste shows that the more
strongly bound water also has a significant vapor pressure at tank temperatures.
These differences in thermal behavior between the as-received and the samples exposed to different
water vapor pressures indicate that the waters of rehydration return as free or loosely bound water rather
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Figure 4.4. Thermal Behavior as Measured by TGA and DTA of Core 131 Segment 2U Waste after
Equilibrating with a final P ^ of 2.7 torr. The sample was first equilibrated with 37 torr.
than a more tightly bound water. This difference suggests that stronger bonds may form between sorbed
water and this U-105 waste with time and that, although the sorption curves suggest reversibility, the
nature of the new sorbed water is different than in the aged wastes.

4.1.2 Behavior of Core 131 Segment 3U Waste
As shown in Figure 4.5, the Core 131 Segment 3U samples, which began at about 25 wt% water,
exposed to 2.7, 8.7, 23, 33, and 37 torr reached equilibrium or terminal water contents averaging 8,11, 37,
68, and 76 wt%, respectively. Core 131 Segment 3U samples exposed to 2.7, 8.7, and 23 torr reached
equilibrium masses within the first 300 h; they essentially reached their equilibrium water contents within
the first 200 h. The samples exposed to 33 and 37 torr continued to deliquesce and gain water for 1080 h
when the samples exposed to 2.7 and 37 torr were exchanged. Duplicate samples had RPDs of
approximately 6, 6,7,2, and 1% at 2.7, 8.7,23, 33, and 37 torr, respectively.
Once changed from the 37-torr water vapor bath to the 2.7-torr bath, these Core 131 Segment 3U
samples lost most of their absorbed water within 300 h and reached an equilibrium water content of 5 wt%
after another 300 h. This behavior was very similar to that observed for the Core 131 Segment 2U samples
treated in the same fashion.
The samples originally equilibrated with 2.7 torr water and then changed to a 37-torr water vapor bath
returned to their original water content of 25 wt% within 40 h and then reached 71 wt% water after
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Figure 4.5. Effect of Exposure Time to Selected Partial Pressures of Water at 34 ° C on the Water
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another 630 h. This behavior w;is comparable to the 680 h required for the as-received sample to reach
71 wt% water. This behavior wis very similar to mat observed for the Core 131 Segment 2U samples
treated in the same fashion.
The TGA, the DTG, and the: DTA analyses of the as-received Core 131 Segment 3U samples indicate
that three major types of water or possibly four types are present in this waste stored in U-105 (Figure 4.6), assuming that all mass losses below 200°C are due to water. The DTA also indicates that a
thermally initiated exothermic reaction can occur in this waste beginning near 200°C. The DTA and
TGA detected three major endothermic mass losses below 180°C, resulting in a 25 wt% loss corresponding closely to the gravimetrically determined 25-wt% water. The mass loss with a DTG minimum and
DTA maximum at 60°C is likely due to free or loosely bound water while the mass loss with a DTG
minimum and DTA maximum at 110°C is due to a more tightly bound water. The mass loss with a DTG
minimum and DTA maximum at 140°C may be due to waters of hydration. Close inspection of the DTG
curve at 130°C suggests that a fourth type of water is present, again likely a water of hydration.
The TGAs and DTAs of the Core 131 Segment 3U samples equilibrated first with 37 torr and then
exposed to a final 2.7 torr water (Figure 4.7) indicate that adding large amounts of water followed by
removing water by drying at a low VmQ alters the nature of the water in the waste. The predominant form
of water in the as-received material characterized by a DTG minimum at 140°C is absent from the
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37 torr/2.7 torr exposed waste. The two water types present in this dry sample are characterized by DTG
minimums at 30 and 85°C and do not appear to correspond to any of the water types in the as-received
material, although DTG minimums can shift, depending on the amount of the volatilizing material in the
sample. Based on the peak shape, it appears that the water characterized by the 85°C DTG minimum is the
same type as observed for the Core 131 Segment 2U sample.
The TGAs and DTAs of this predominately liquid Core 131 Segment 3U sample exposed to a final
37 torr (Figure 4.8) indicate that loosely bound water characterized by a DTG minimum and DTA
maximum at 85°C becomes the predominate type of water as this waste deliquesces. It appears that
additional water characterized by a DTG minimum at 140°C is also sorbed by this waste or forms as the
sample dries in the TGA/DTA. Some water characterized by a DTG minimum at 110°C appears to be
present.

4.1.3 Behavior of Core 133 Segment 3 Waste
As shown in Figure 4.9, the Core 133 Segment 3 samples, which contained between 20 and 32 wt%
water when testing began, exposed to 2.7, 8.7, and 23 torr water, reached their average equilibrium water
contents of 6, 9, and 29 wt% within the first 300 h; these samples were essentially at equilibrium within
100 h with only small changes occurring afterwards. The samples exposed to 33 torr water deliquesced,
reaching a near-equilibrium water content of 65 wt% by 1080 h; the duplicate samples were still sorbing
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Figure 4.8. Thermal Behavior as Measured by TGA and DTA of Core 131 Segment 3U Waste Obtained
from U-105 after Equilibrating with a ~Pmo of 2.7 torr. The sample was first equilibrated with
37 torr.
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Figure 4.9. Effect of Exposure Time to Selected Partial Pressures of Water at 34°C on the Water
Content of Waste Samples Obtained by Core 133 Segment 3 from U-105
water slowly when the experiments were terminated. When the samples exposed to 37 torr water were
switched to the 2.7-torr bath at 1080 h, they contained 73 wt% water and were continuing to deliquesce,
slowly absorbing small amounts of water; however, it does appear that they were approaching equilibrium
with little prospect of gaining significant amounts of additional water. Water contents of the duplicate
samples had RPDs of 4,2, 6,2, and 0.3% at 2.7, 8.7,23,33, and 36 torr water, respectively.
Once changed from the 37-torr water vapor bath to the 2.7-torr bath, these Core 133 Segment 3
samples lost most of their absorbed water within 300 h, reaching an equilibrium water content of 5 wt%
after another 300 h. This behavior was very similar to that observed for the two Core 131 Segments
treated similarly.
The samples originally equilibrated with 2.7 torr water and then changed to a 37-torr water vapor bath
recovered to a water content of 20 wt% within 20 h and then reached 72.5 wt% water after another 650 h.
This 650 h to reach 72.5 wt% water is significantly faster than the 1000 h required for the asrreceived
sample (beginning at 20 wt% water) originally exposed to 37 torr to reach 72.5 wt% water. The Core 131
Segment samples originally exposed to 2.7 torr and then rehydrated at 37 torr water sorbed water similar
to the as-received Core 131 samples exposed to 37 torr. We offer two possible explanations for the more
rapid sorption of water by the dried sample than by the as-received sample. The first is that the samples
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were chemically different and the second is mat drying by exposure to 2.7 torr increased the surface area
of the solid crystals by causing the particles to fracture or form small, high surface area to volume
crystals.
The TGA, the DTG, and the DTA analyses of the as-received Core 133 Segment 3 samples indicate
liiat three major types of water or possibly four types are present in this waste stored in U-l 05 (Figure 4.10), assuming that all mass losses below 200°C are due to water. In contrast to the two Core 131
Segment samples, the DTA for 'the Core 133 Segment 3 sample does not indicate that a thermally initiated
exothermic reaction can occur in this waste beginning near 200°C; rather, the observed reaction above
200°C is endothermic.
The DTA and TGA detected three or possibly five endouiermic mass losses from the as-received
material below 180°C, resulting in an 18-wt% loss. This 18-wt% mass loss corresponds closely to the
gravimetrically determined 20 vrt% water for the two samples exposed to 37 torr (see Figure 4.9); based
on the initial water content of the tested samples and the order that they were prepared, this parent sample
dried as we transferred the test samples to their individual containers. This differed from the Core 131
samples in which the parent samples did not dry when transferred to their individual containers. The
7 wt% mass loss occurring between 30 and 95°C is likely due to free or loosely bound water; two types of
water characterized by DTG minimums at 30 and 60°C appear to compose this mass loss. The 1 wt%
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Figure 4.10. Thermal Behavior as Measured by TGA and DTA of As-Received Tank U-105
Core 133 Segment 3 Waste
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mass loss with a DTA maximum at 110°C is due to a more tightly bound water. The 9-wt% mass loss
with a DTG minimum and DTA maximum at 130°C may be due to waters of hydration; note the shoulder
with a DTG minimum at 150°C, which suggests that a fourth type of water is present, again likely a water
of hydration.
The TGAs and DTAs of the Core 131 Segment 3U samples exposed to a final 37 torr (Figure 4.11)
indicate that the loosely bound water characterized by the DTG minimum at 70°C in the as-received
material becomes the predominate type of water as this waste deliquesces. This water appears to be the
same type of water, characterized by an 85°C DTG minimum, as observed for the sample exposed to a
final 2.7 torr. It appears that additional water characterized by the DTG minimum at 140°C in the asreceived waste is also sorbed by this waste or forms as the sample dries in the TGA/DTA. Some water
characterized by the DTG minimum at 110°C appears to be present.
The TGAs and DTAs of the Core 133 Segment 3 samples equilibrated first with 37 torr and then
exposed to a final 2.7 torr water (Figure 4.12) indicate that adding large relative amounts of water
followed by drying at 2.7 torr alters the nature of the water in the waste. The predominant form of water
in the as-received material characterized by a DTG minimum at 130°C is absent from the 37-torr/2.7-torr
exposed waste. It appears that only the two water types characterized by DTG minimums at 40 and 80°C
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Figure4.11. Thermal Behavior as Measured by TGA and DTA of Tank U-105 Core 133
Segment 3 Waste Equilibrated with a Final P ^ of 37 torr. Sample was first
equilibrated with 2.7 torr.
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Figure 4.12. Thermal Behavior as Measured by TGA and DTA of As-Received Tank U-105
Core 136 Segment 3U Waste Equilibrated with a Final P^,, of 2.7 torr. Sample was
first equilibrated with 37 torr.
in the as-received material remained in this material, which was exposed initially to a very high humidity
and then to a very dry environment; the shift in the DTG minimums to 35 and 9Q°C, respectively, could
be due to smaller amounts of water in the treated sample. Alternatively, the shapes of the DTG and DTA
curves for these two types of water suggest different types of water than observed in the as-received
sample.

4.1.4 Behavior of Core 136 Segment 3U Waste
The Core 136 Segment 3U samples contained 36 wt% water when testing began. When exposed to
2.7, 8.7, and 23 torr water, they reached their average equilibrium water contents of 8,12, and 37 wt%
within the first 350 h (Figure 4.13); these samples were essentially at equilibrium within 100 h with only
small changes occurring afterwards. The samples exposed to 33 torr water deliquesced, reaching a nearequilibrium water content of 68 wt% by 1080 h; these duplicate samples were sorbing water slowly when
the experiments were terminated. When the samples exposed to 37 torr water were switched to the
2.7-torr bath at 1080 h, they contained 76 wt% water and were continuing to deliquesce slowly, absorbing
small amounts of water; however, it does appear that they were near equilibrium with little prospect of
gaining significant amounts of additional water. Water contents of the duplicate samples had RPDs of 12,
4,4,2, and 1% at 2.7, 8.7,23,33, and 36 torr water, respectively.
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Figure 4.13. Effect of Exposure Time on the Water Content of Core 136 Segment 3U
Waste Obtained from U-105
The two samples exchanged between the 2.7 and 37 torr baths behaved differently than the
as-received material when exposed to the same water partial pressures. Once changed from the 37-torr
water vapor bath to the 2.7-torr bath, the Core 133 Segment 3 samples needed 200 h to return to their
original water content of 36 wt%. They then needed another 200 h, compared to 100 h for the as-received
sample to reach the equilibrium water content of 8 wt%. The samples originally equilibrated with 2.7 tonwater and then changed to a 37-torr water vapor bath recovered to their starting water content of 36 wt%
within 50 h and then reached 73 wt% water after another 630 h. This rehydration took much less time to
reach 73 wt% from 36 wt% water than the 840 h required for the as-received sample to reach 73 wt%
water.
The TGA, the DTG, and the DTA analyses of the as-received Core 136 Segment 3U samples indicate
that two major types of water and a third less significant type are present in this waste stored in U-l 05
(Figure 4.14), assuming that all mass losses below 200°C are due to water, and losses above 200°C are
due to other reactions. As with the two Core 131 Segment samples and in contrast to the Core 133
Segment 3 sample, the DTA indicates that a thermally initiated exothermic reaction can occur in this
waste beginning near 200°C.
The DTA and TGA detected three endothermic mass losses from the as-received Core 136 Segment
3U sample below 180°C, resulting in a 35-wt% loss. This 35-wt% mass loss corresponds closely to the
gravimetrically determined 36 wt% water for all of the test samples. The 14-wt% mass loss occurring
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Figure 4.14. Thermal Behavior as Measured by TGA and DTA of As-Received Core 136
Segment :$U Waste Obtained from U-l 05
between 30 and 80°C and characterized by a DTG minimum at 60°C is likely due to free or loosely bound
water. The 21-wt% mass loss with DTA maximums and DTG minimums at 115 and 130°C is due to two
types of more tightly bound water. These higher temperature mass losses may be due to waters of
hydration.
The TGAs and DTAs of the predominately liquid Core 131 Segment 3U sample exposed to a final
37 torr (Figure 4.15) indicates that the added water is different than any of the water types in the
as-received material. This added water is characterized by a DTG minimum and DTA maximum at 85°C
while the waters in the as-received sample are characterized by DTG minimums and DTA maximums at
60,110, and 130°C. This added water in the sample exposed to 2.7 torr first and later 37 torr appears to
be the same type as exists in the sample exposed to 37 torr and later to 2.7 torr.
The TGAs and DTAs of the Core 136 Segment 3U samples equilibrated first with 37 torr and then
exposed to a final 2.7 torr water (Figure 4.16) indicate that adding large relative amounts of water
followed by drying at a low P m o alters the nature of the water in the waste. The predominant form of
water in the as-received material characterized by a DTG minimum at 130°C is absent from the 37-torr/
2.7-torr exposed waste. It appears that either two new water types characterized by DTG minimums at
40 and 85°C are present or that the two water types characterized by DTG minimums at 60 and 110°C in
the as-received material are the two water types remaining in this material exposed initially to a very high
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Figure 4.15. Core 136 Segment 3U Thermal Behavior as Measured by TGA and DTA after
Equilibrating with a Final P^o of 37 torr. The sample was first equilibrated with 2.7 torr.
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Figure 4.16. Core 136 Segment 3U Thermal Behavior as Measured by TGA and DTA after
Equilibrating with a Final P ^ of 2.7 torr. The sample was first equilibrated with 37 torr.
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humidity and then to a very dry environment; the shift in the DTG minimums to 40 and 85°C, respectively, could be due to smaller amounts of water in the treated sample.

4.1.5 Summary of Sorption/Desorption Studies
The water sorption and desorption behavior and thermal analyses of the as-received and water vaporequilibrated U-105 wastes obtained by the two Core 131 Segments, Core 133 Segment 3, and Core 136
Segment 3 indicate that the waste in the uppermost 50 cm of U-105 is not homogeneous but similar. The
water sorption and desorption curves indicate that these four waste samples sorb and lose water similarly
in the testing environment, although subtle differences exist. The thermal analyses of the as-received
wastes found 3 to 5 types of water depending on the sample. The thermal analyses of the samples
exposed to combinations of 2.7 Jind 37 torr water found one predominant water type not characteristic of
the as-received wastes. Depending on the exposure vapor pressure and the source of the sample, a second
type of water could be present in the sample.
In general, the sorption/desorption behaviors presented in Figures 4.1,4.5,4.9, and 4.13 for the four
different U-105 waste samples show similar sorption/desorption behavior of all of the waste samples that
we tested. The similarity of the shape and magnitude of the sorption/desorption behaviors of the different
samples at the various water vapor pressures suggests similar chemical and physical properties. The
samples exposed to 2.7, 8.7, and 23 torr reached their equilibrium water contents within 200 hours. The
samples exposed to 33 and 37 to IT were continuing to deliquesce slowly at 1100 hours. The wastes have
similar chemical compositions with small differences, such as Core 136 Segment 3U and Core 133
Segment 3 having more aluminum than either of the two Core 131 Segments. Given the significant water
content at the lower vapor pressures (unexpected for nitrate and nitrite [Scheele, Bredt, and Sell 1996])
and the differences in the nitrate and nitrite contents (see Tables 3.1 and 3.2), chemical constituents other
than nitrate and nitrite control or help control symbiotically with nitrate and nitrite the water content of
the U-105 wastes.
The rehydration behavior of the four samples shows similarities and differences between the samples.
The Core 133 Segment 3 Core 136 Segment 3U samples originally exposed to 2.7 torr and then
rehydrated at 37 torr rehydrated more rapidly than the as-received materials. In contrast, the Core 131
Segment 2U and 3U samples behaved similarly to the as-received Core 131 samples exposed to 37 torr.
Two possible explanations may account for the more rapid sorption of water by the dried sample than by
the as-received sample. The firsi: is that the samples were chemically different and the second is that
drying by exposure to 2.7 torr increased the surface area of the solid crystals by causing the particles to
fracture or form small, high surface area to volume crystals.
The sorption/desorption reversibility shows that for these four samples of U-l 05 waste on a chemical
basis, it may be possible to mitigate a lower than acceptable waste water content (Webb et al. 1995) by
treating this waste or other simikir wastes with a controlled 'Pmo to rehydrate or control the water content
of the waste. However, some caution should be used when applying the equilibrium water content results
for the high P^Q exposures when planning a remediation strategy. The sample size and vial geometry
used in this testing prevent free flowing liquid from draining, as is possible in the actual tank. As a result,
the high ~Pm0 test samples could have a higher water content than that in a similarly exposed tank. In
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addition, samples used for this work were homogenized (stirred), so the crystal sizes, crystal shapes, and
resulting pore sizes and volumes could differ from that of the actual tank waste. As a result of the
potential differences in these physical parameters, the retention of pore water could be different for actual
in-tank waste at high PH2O where drainable liquids could be present. However, the water contained in the
lower PH2O (2.7, 8.7, and 23 torr) samples is most likely contained in or on the solid particles and should
be very similar to the values that would be achieved in the actual tank; e.g., the water content could be
raised to > 20 wt% without the formation of drainable liquid.
The thermal analyses of the as-received wastes also indicate similarities and differences between the
different U-105 waste samples. Each of the waste samples appear to contain two principle types of water;
however, the nature of these two principle types of water differ by sample. The materials also contain up
to three additional types of water. Each waste contains a water that is characterized by a DTA and DTG
peak maximum or minimum nominally at 65°C. The other principle water type in Core 131 Segment 2U
is characterized by a peak at 110°C. The second principle water type in the three Segment 3 samples was
a more strongly bound type characterized by DTA and DTG peaks between 130 and 140°C. Only one
minor water type was observed in the Core 131 Segment 2U sample characterized by a DTA and DTG
peak at 135°C; each of the Segment 3 samples had up to three additional types of water. Common to each
Segment 3 sample as a minor type of water was the principle water type found in the Core 131 Segment
2U sample characterized by the nominal 110°C peak; this water type was the only secondary type found
in the Core 136 Segment 3U sample. The Core 131 Segment 3U and the Core 133 Segment 3 samples
had two additional secondary water peaks at 125 and 135°C and at 115 and 150°C, respectively. The
thermal analyses of the as-received wastes indicate that the types of water in the upper 50 cm of U-105
range from the loosely bound free water characterized by the DTA and DTG peak at 65°C to the more
strongly bound characterized by a peak at 150°C.
It is valuable to note that the two Core 131 Segment samples and the Core 136 Segment 3U sample
exhibited thermally initiated exothermic reactions beginning near 200°C. In contrast, the DTA observed
an endothermic reaction at about 250°C for the Core 133 Segment 3 sample.
The chemical compositions (Tables 3.1 and 3.2) provide few clues why these differences and
similarities exist Hydroxide, a hydrophillic substance and a common ingredient in Hanford wastes, was
not measured. Core 133 Segment 3 has more aluminum than the other two, more nitrate/nitrite than Core
131 Segment2U, less nitrate/nitrite than Core 131 Segment3U, less sulfate than Core 131 Segment2U,
roughly the same sulfate as Core 131 Segment 3U, more phosphate than Core 131 Segment 2U, and less
phosphate than Core 131 Segment 3U. Identifying the chemical factors controlling the nature of water in
these wastes might be accomplished using statistical pattern-recognition methods. Our earlier studies
(Scheele, Bredt, and Sell 1996) did not investigate the behavior of sulfates and phosphates, both of which
can have up to 12 waters of hydration—e.g., sodium phosphate.
The TGAs and DTAs of the U-105 materials 1) dried at 2.7 torr and rehydrated at 37 torr or
2) hydrated at 37 torr and then dried at 2.7 torr indicate that, in general, hydration or dehydration in the
time frame of our experiments changes the nature of the water. The predominant form of water observed
for all of these samples is characterized by DTA and DTG peaks with maxima and minima at nominally
85°C; this is apparently a different type of water than observed in any of the as-received samples because
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it is observed independent of the water concentration in the sample analyzed. The DTAs and TGAs of the
Core 131 Segment 3U and the Core 133 Segment 3 composite samples dried at 2.7 torr and rehydrated at
37 torr indicate that some of the waters of rehydration are the strongly bound water characterized by
peaks at 135°C; in contrast to its other Segment 3 siblings, the rehydrated Core 136 Segment 3U did not
reabsorb this type of water after drying at 2.7 torr.

4.2 Effect of PH20 on Equilibrium Water Content
The equilibrium water content of waste samples taken from the upper levels of the stored waste in
U-105 is sensitive to Vmo (Table 4.1 and Figure 4.17). The amount of retained water depends on P ^ Q and
to a lesser extent the location where the waste sample was obtained. The amount of equilibrium water
retained by each of the different U-105 samples tested increases gradually as P m o increases. The amount
of equilibrium water present in each of the different samples is similar, although small differences exist.
Core 131 Segments 2U and 3U, Core 133 Segment 3, and Core 136 Segment3U have similar,
although slightly different, equilibrium water contents after exposure to water vapor pressures ranging
from 2.7 torr, near the Hanford minimum P^o between 1989 and 1995, and 37 torr. For water partial
pressures of 2.7, 8.7,23,33, and 37 torr, the average equilibrium or terminal water contents for Core 131
Segment 2U are 8,12,33, 69, arid 75 wt%, respectively. The waste sample obtained by Core 131 Segment 3U had equilibrium water contents of 5, 7,26,67, and 74 wt% at the same water partial pressures,
respectively. The physical appeairances of these samples at the end of testing are provided in Table 4.2.
For each sample, the samples exposed to the two lower water partial pressures were dry solids, those
exposed to 23 torr were moist soiiids, and the upper two water partial pressures were primarily liquid with
some solids.
Differences exist between the equilibrium water contents in the four U-l05 waste samples tested. No
clear consistent differences in the chemical compositions are readily apparent to explain these differences
Table 4.1. Equilibrium or Terminal Water Contents of Tested U-105 Waste Samples at 33 °C
Water Content, wt%
Pico, torr
2.7
8.7

Core 131
Segment 2U
7.8
12

Core 131
Segment 3U

Core 133
Segment 3

4.6

6.1

7.3

8.6

Core 136
Segment 3U
7.8
11

23

33

26

28

37

33

69

67

66

68

37

75

74

73

76
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Figure 4.17. Equilibrium or Terminal Water Contents of Waste Samples Obtained from
U-105 by Core 131 Segments 2U and 3U, Core 133 Segment 3, and Core 136
Segment 3U at 34°C

Table 4.2. Appearance of U-105 Samples after Exposure to Selected Water Partial Pressures at 34 °C
Description
PH20> torr

2.7

8.7

23

33

37

Core 131 Segment 2U

Dry Solids

Dry Solids

Wet Solids

Liquid/Solids

Liquid/Solids

Core 131 Segment 3U

Dry Solids

Dry Solids

Wet Solids

Liquid/Solids

Liquid/Solids

Core 133 Segment 3

Dry Solids

Dry Solids

Wet Solids

Liquid/Solids

Liquid/Solids

Core 136 Segment 3U

Dry Solids

Dry Solids

Wet Solids

Liquid/Solids

Liquid/Solids

Sample
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in equilibrium moisture content For example, consistent with the observed behavior for equimolar
sodium nitrate and nitrite at 22 and 65 °C in our earlier studies, the two wastes having the highest total
sodium nitrate and nitrite contents (10.3 and 7.8 mmol/g) had the lowest water contents of the four wastes
at water partial pressures below 23 torr. However, the other two waste samples having total nitrate and
nitrite contents of 7.2 and 5.7 mmol/g behaved similarly at 2.7 and 8.7 torr and at 23 torr the Core 131
Segment 2U sample with the lowest nitrate and nitrite content contained less water than the Core 136
Segment 3U sample containing 7.2 mmol/g. Similar cursory analyses for aluminum, phosphate, and
sulfate do not identify a single constituent that accounts for the observed differences. The behavior
presented in Figure 4.18 appears to be a blend of the behaviors of the simulated organic-bearing waste
PAS94 and sodium nitrate and nitrite (Scheele, Bredt, and Sell 1996). Phosphate, sulfate, and aluminum
content (Tables 3.1 and 3.2) could explain the significant water content at the lower partial pressures.
Our studies (Scheele, Bredt, and Sell 1996) found anomalous behavior for sodium aluminate and did not
determine the responses of sodium phosphate and sulfate, both hydrophillic salts, to varying water partial
pressures.
Because of temperature differences between our pure potential waste component studies and the
U-105 studies, we were unable to develop a simple linear model based on the individual waste components' behavior (Scheele, Bredt, and Sell 1996) to predict the behavior of U-105 waste; such a model
would take the form
(4.1)
where wt% H2O is the water content, X, is component 1 such as NaOH, and a,, is the coefficient. The
studies of the pure potential waste constituents were done at 20 and 65 °C. The U-105 studies were
performed at 34 °C. A model based on measured chemical composition could be useful to predict the
equilibrium water content of waste equilibrated with ambient Hanford air.
Comparing the expected P^o in the tank's head space based on our studies and Brown and Franklin's
(1996) reported 31 to 45 wt% water contents in these waste samples with the measured PJ^Q in U-105 's
vapor space provides some insight into the dynamics within U-l 05. Pool et al. (1995) reported a PJ^Q of
13.2 torr at 22.3°C in U-105's vapor space on February 24,1995. At 13.2 torr, the equilibrium water
contents, based on this work, should be 18 wt% for Core 131 Segment 2U, 12 wt% for Core 131 Segment
3U, 15 wt% for Core 133 Segment 3, and 19 wt% for Core 136 Segment 3U. These predicted water
contents are much lower than the measured 31 to 45 wt%. The higher than expected water content is
likely due to complex chemical and physical interactions between the waste, the tank walls, and the
outside Hanford environment.
Tank U-105 was not interim stabilized at the time of sampling and, as evidenced by the photograph of
U-105 provided by Brevick, Stroup, and Funk (1997), U-105 contained free-standing liquid in 1988. The
presence of free standing liquid indicates that interstitial solution should also be present in the solid waste,
which would explain the higher lhan expected water content. Assuming that the composition of the free
standing liquid is similar to a saturated solution of one of the U-105 waste samples tested, the expected
vapor pressure in the tank's head space should be near saturation (20.2 torr at 22.3°C [Weast, Astle, and
Beyer 1984]) rather than the observed 13.2 torr. Figure 4.17 shows that at existing water contents,
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> 25 wt% water, the Vmo for any of the wastes is greater than 22 torr, thus, as the temperature decreases
with rising elevation in the tank, water in excess of the water saturation level will condense, leaving the
Pfco at saturation for pure water. This difference suggests that another factor is controlling the PJ^Q in
U-105's head space.
The factor that is likely controlling P m o in the tank's head space is the temperature of the tank's
walls, which should be at or near the surrounding soil's temperature. Barney (1976) reports that the
average soil temperature at a tank's depth is 17°C. At 17°C, water's vapor pressure is 14.5 torr (Weast,
Astle, and Beyer 1984) or very near that of the observed 13.2 torr. The small difference between the
measured 13.2 torr and 14.5 torr could be explained by a 1.5°C reduction in the soil's temperature to
15.5°C; such a reduction in soil temperature is reasonable, given the time of year (February). Another
factor affecting Pm0 in the head space is the exchange of dry air from the arid Hanford environment and
the moist tank air to the environment; the exchange contribution will depend on the rate at which the
passively ventilated tank breaths.
Consistent with the model that Simmons et al. (1997) developed to predict the water content in
saltcake type wastes, it thus appears that an evaporation/condensation cycle is currently controlling the
water content in the waste in this non-interim stabilized tank. In this hypothesized scenario, water
evaporates from the nominal 35°C waste, condenses on the walls, and returns to the waste. Some gaseous
water would be lost during the tank's breathing cycle, depending on the tank's breathing rate.
In general, exposing the U-105 saltcake wastes to ambient Hanford water partial pressures will dry
the surface waste from its nominal 36 wt% water to between 5 and 12 wt%, depending on the waste's
temperature. The average Hanford P^o is approximately 5.5 torr with monthly highs up to 9 torr in the
summer and lows down to 2.5 torr in the winter (Figure 1.1). The equilibrium water contents for the
different samples at 2.7 and 8.7 torr range between 5 and 12 respectively. Therefore, at all current
ambient Hanford partial pressures of water, the waste in the uppermost part of the waste stored in U-105
will dry to below the current TOC and energetics independent safety criterion of 20 wt% water (Webb et
al. 1995). Additional evaluation is required to determine if the equilibrated wastes will satisfy the
combined water and TOC/energetics criteria. It should be noted that currently these wastes are above the
20 wt% water safety criterion.
To maintain the upper 50 to 100 cm of waste in U-105 above the safety limit of 20 wt% water, the
material would have to be exposed to pressure near or above 20 torr of water vapor. At current temperatures, at an average ambient Hanford water vapor pressure of 5.5 torr, these wastes should dry to an
equilibrium water content between 6 and 9 wt%.
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5.0 Conclusions
PNNL investigated the effect of P^o on the equilibrium water content of the uppermost retrieved
solid waste samples taken by Core 131 Segment 2U (sampling from uppermost 48 cm of solids; Segment
1 contained minimal [3 g] solids) and Segment 3U (next 48 cm sampling), Core 133 Segment 3
(Segment 1 retrieved no solids, and Segment 2 contained minimal [5 g] solids), and Core 136 Segment
3U(Segments 1 and 2 retrieved no solids) of the waste stored in U-105. These studies of U-105 waste
found that, as expected, the equilibrium water content of these mixed saltcake and sludge wastes depends
on the PJQO Exposure to water partial pressures ranging from 2.7 to 37 torr resulted in water contents in
these homogenized uppermost segment samples ranging from 5 to 76 wt% water.
In general, the study of the uppermost solid wastes stored in U-105 indicates that the equilibrium
water contents of these wastes at 34°C.
• are largely independent of differences in the wastes' reported chemical compositions. Small
differences do exist between the measured equilibrium or terminal water contents and the rates at
which these wastes sorbed and lost water during testing. The behavior of these U-105 wastes is
consistent with the behavior of complex mixtures such as the simulated organic-bearing waste
PAS94 (Scheele, Bredt, and Sell 1996)
• can be achieved within 1 to 2 months for high surface area wastes
• will be less than the 20 wt% water needed to guarantee that a propagating reaction cannot occur
when exposed to ambient Hanford Site water partial pressures. This indicates that active
management of water content or water content monitoring may be required to maintain
"Conditionally Safe" conditions depending on TOC or waste energetics (Webb et al. 1995) if the
waste is allowed to equilibrate with ambient Hanford air
• can be controlled at levels satisfying Webb et al. (1995) "Conditionally Safe" criteria based on TOC
or waste energetics by controlling fm0
• can be rehydrated by controlling P^o, thus providing a potentially effective means to mitigate an
"Unsafe" (Webb et al. 1995) waste
• will be controlled by a complex evaporation/condensation cycle where water evaporates from the
elevated temperature waste, condenses on the walls, and returns to the waste. Some gaseous water
would be lost during the tank's breathing cycle depending on the tank's breathing rate.
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