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Composition of K Basins Sludge

In HNF-SD-SNF-TI-009 Volume 2, sludge characterization is presented for
several locations ranging from the basin floor to fuel washing. For
convenience, two broad categories will be used in this report, (1) the general
sludge associated with material on the basin and pit floors, and (2) the
canister sludge associated with the canisters and fuel washing. Sludge
volumes are much larger in KE than KW, thus more characterization data exists
for KE. In particular, the general sediments in KE basin have been analyzed,
while that in KW has not. It is assumed that the composition of the KW
general sludge is bounded by that found in KE. Canister sludges for both
basins have been analyzed.

The average composition of KE basin general sludge is given in ..ble 4.
This composition is assumed for both KE and KW Basin (HNF-SD-SNF-TI-009
Volume 2) except that KW has no PCBs. The composition was determined using a
method that quantifies the elements without identifying chemical compounds.
The assumed chemical forms are oxides, except for PCBs. The additional mass
associated with the oxides were included in the values listed in
HNF-SD-SNF-TI-009.

The mass densities of an ‘icium (Am) and strontium (Sr) shown in Table 4
are calculated from the radiological composition. The calculation first
multiplies the activity concentration (gCi/g) by the dry density (g/cc) to
convert the activity concentration to volume units (gCi/cc). Then the
activity per unit volume is divided hv the specific activity of the isotope to
obtain the mass densities shown in T. e 4. Values for specific activities
are shown in the notes to Table 4. 1n all cases, the mass density associated
with the isotopes is an insignificant addition to the total mass as well as
the chemical toxicity of the mixture. The mass of Cs-137 was not calculated
because no air concentration guidelines exist for cesium compounds based on
toxicological considerations. The plutonium mass was not calculated because
it is given in HNF-SD-SNF-TI-009 Volume 2.

Note that the radiocactive composition of K basins sludge that is used
-for safety basis calculations is the bounding SNF composition as stated in
HNF-SD-SNF-TI-009 Volume 2, Section 3.5. The bounding composition has the
most conservative value for inhalation dose per unit mass inhaled, or unit
dose (UD).

The dry density and wet density of the settled material are shown in
Table 4. The dry density is used to covert the radiological composition from
activity per unit mass to activity per unit volume. The volumes of sludge
shown in Table 4 are those estimated for KE Basin. The KW Basin volumes are
much smaller.

Characterization data for the KE Basin includes only the "Main Basin
Floor", the "Weasel Pit", the "North Loadout Pit", and a few canisters.
Compositions for the "Tech View Pit" and "Elevator Pit" are assumed to be
bounded by the sludge composition of the "Weasel Pit", and are therefore not
shown.
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Table 5. KE Basin Canister and Fuel Sludge Composition (2 pages)
Canister Sludge Fuel Washing Sludge
Analyte
Full Empty Internal Coating Pieces
Other 0.010235 0.010235 0.017895 0.036809 0.056162
Total, g/cc: 0.88411 0.88411 2.31948 0.96901 10.61847
Dry Density: - 0.884 0.884 2.315 0.969 10.611
Wet Nencitv- 1 A2 1.62 3.00 1.50 11.02
] Misce]]aneods Characteristics of KF Rasin Sludaes
Volume, m’: 3.63 U.4u U.518 U.Ubl U.149___
Volume, L: 3,000 400 518 61 149
Wet Sludge, MT: 4.86 0.65 1.55 0.09 1.64
Dry Sludge, MT: 2.65 0.35 1.20 0.06 1.58
Uranium, kg: 1,408.97 187.86 880.43 26.14 1,464.42
Radiological Composition (gCi/g) of KE Basin Sludges
Sr-90 1,053.40 1,053.40 3,851.61 1.767.75 4,045.39
Cs-137 806.35 806.35 3,443.33 1,410.00 5,342.20
Pu-239 108.70 108.70 232.67 114.50 195.91
Am-241 138.34 138.34 210.50 93.40 168.01

Motes: Listed data comes from HNF-SD-SNF-TI-009 Rev 2.

indicated by *nd".
below.
Sr-90:
Cs-137:
Pu H
Am-ca s
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The specific activities needed to convert activity into mass for an isotope are listed

139.03 Ci/a
86.55 Ci/g

0.06197 Ci/g

3.4314 Ci/g
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Concentration-Weighted Risk Guidelines

.1e method used to calculate toxicological air concentrations in
relation to the DOE-RL acceptance guideline is summarized in the discussion
below, taken from HNF-SD-SNF-TI-059.

For toxic chemicals the accumulated dose is not computed. Rather, the
air concentration is determined and compared with guidelines. Health effects
from exposure to contaminated air depend on the chemical, the air
concentration, and the exposure time. For corrosive chemicals, the air
concentration alone determines the amount of damage. Noncorrosive chemicals
are carcinogens or have toxic effects based on the amount accumulated in the
body. For noncorrosive chemicals the health effects depend on exposure time.

For accidents with release durations less than the transition times
associated with each receptor distance, the puff model is appropriate for
calculating air concentrations. The peak air concentration is calculated
using the following equation:

Coutt = (M) (/Q)

where
Cpuff = peak conceniration at a downwind receptor location, grams per
cubic meter
M = mass of the toxic chemical released, grams
x/Q = puff release air transport factor, per cubic meter.

For accidents with release durations greater than the transition times,
the plume model is appropriate for calculating air concentrations. The
average air concentration during plume passage is calculated using the
following equation:

cp(ume = (M) (X/Q')/Tre(

where
Coiume = average plume concentration at a downwind receptor lacation,
grams per cubic meter
M = mass of the toxic chemical released, grams
X/Q' = continuous release air transport factor, seconds per cubic
meter
T.. = release duration, seconds.
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For short release durations, the air concentrations can become quite
large for brief periods. To accommodate this effect in a conservative way,
the concept of an averaging period has been developed. One calculates the
average concentration during some minimum period and compares this
concentration with the concentration guideline. The averaging time used in
the present calculations is 15 minutes, based on the following guidance from
WSRC-MS-92-206, Rev 2, Toxic Chemical Hazard Ctassification and Risk
Acceptance Guidelines for Use in DOE Facilities (Craig et al. 1995):

4.2 Exposure time: Concentrations for comparison with the
guidelines must be calculated as the peak 15-minute average
concentrations, which are then compared with the guideline
concentration limits. This is applicable for all chemicals for
which the toxic effect is immediate (i.e., concentration-

de; dent). If it is known that the toxic effects of a chemical
are not concentration-dependent, but depend on the total quantity
of chemical taken up by the body (i.e., dose-dependent), then the
peak l-hour concentration may be used. Concentration dependent
chemicals are defined as fast-acting chemicals whose toxic effects
are immediate, and correlate more closely to concentration than
dose. Included in this category are sensory irritants and
chemicals which are corrosive or vesicant in their action. Any
chemical which has been assigned an OSHA PEL-STEL or PEL-C, or an
ACGIH TLV-STEL or TLV-C value must be considered concentration-
dependent. In contrast, the effects of dose-dependent chemicals
are a function of both concentration and duration of exposure.
However, a chemical may elicit concentration-dependent effects at
high levels and dose-dependent effects at lower concentrations.

Since the exposure averaging time (15 minutes or 900 seconds) is greater
than all the transition times computed in HNF-SD-SNF-TI-059, puff releases are
eliminated from further consideration. Air concentrations from accidents with
release durations Tess than 15 minutes are calculated using the plume equation
with the release time set to 900 seconds. This is summarized in the modified
equation below.

Cave = (M) (X/Q')/max(Trel’Tave)

where
C,e = average concentration of a chemical at a downwind receptor
location, grams per cubic meter
M = mass of the toxic chemical released, grams
x/Q' = continuous release air transport factor, seconds per cubic

meter

et = release duration, seconds

T... = exposure averaging period, 900 seconds.
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When more.than one chemical is released, a sum-of-fractions method is
used to evaluate concentrations against the risk guidelines. The sum-of-
fractions method was adapted from American Conference of Governmental
Industrial Hygienists (ACGIH) and Occupational Safety and Health
Administration (OSHA) methods for adding combined exposures to compounds with
similar health effects:

SOF = B (C)/(C6y)

where

SOF = sum-of-fractions for a mixture of chemicals in air

(gl
=
I

= calculated average air concentration for the Kth chemic. ,
grams per cubic meter

CG, = concentration guide for the Kth chemical, grams of chemical
per cubic meter of air

When the formula for average air concentration at the downwind receptor
tocation is substituted into the SOF formula, the result is shown below. The
sum over ratios of mass fraction divided by concentration guideline has been
written as CWRG. The inverse of a CWRG is a composition-weighted
concentration guideline for sludge, i.e., an effective concentration guideline
for K basins sludge.

SOF = L (M) (MF) (x/Q' ) /max (Togy, Tyed /(CGo)

SOF = (M)(CNRG) (X/Q')/maX(Trel’Tave)
CWRG = ), . (MF)/(C6)

where
SOF = sum-of-fractions for a mixture of chemicals (eg., sludge
suspended in air

M = total mass of sludge (a mixture of chemicals) released into
the air as respirable particles, grams

MF, = mass fractions for a mixture of chemicals, i.e., mass of the
Kth chemical per gram of total sludge

Xx/Q' = continuous release air transport factor, secaonds per cubic
meter

T.. = release duration, seconds

T.e = €xposure averaging period, 900 seconds.
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CWRG = composition-weighted risk guideline, cubic meters per gram
of sludge

CG, = concentration guide for the Kth chemical, grams of chemical
per cubic meter of air.

The normalized composition of sludge (MF,) is listed in Tables 7, 8, and
9. The values in these tables were computed from those shown in Tab]es 4 5,
and 6 by dividing the total concentration into the concentrations of each
component. Note that the total density of the components is used ratl * than
the wet or dry bulk density to calculate the mass fractions. In some cases
the total of the numbers in a column is ;s than 1.00. This happens because
tl  "0Otl " compoi it is not shown in tl  :ab’

Note that one more refinement will be included for long duration
releases to ensure the comparison of toxicological and radiological risk can
be considered bounding. In the event that the release duration is greater
than the time characteristic of the risk evaluation guideline (1 hour or
8 hours), then the concentration guideline should be reduced. This approach
is based on the observation that the total amount inhaled is related to the
health effects on individuals downwind. Mathematically, one changes the
definition of the concentration guideline to that shown below.

If T <T

guide?

If T,p > T

then CGy
then CG,

CG,
guide? (CGK)(TQMde)/(Trel)

or, CGp = (CG) Min[1,(Toige) /(Trel)]

4}

With this revised definition of concentration guides for long duration
releases, it is necessary to revise the formula for sum-of-fractions. The
formula below shows the results of the revision. Note that the main effect of
the revision is to limit the release duration (T ) to the time inherent in
the risk evaluation guideline (T,;,). For release durations less than Tave
the formula uses the minimum averag1ng time. For release durations longer
than T, but shorter than T .., the formula uses the release duration. For

releasé durations longer thin " guides the formula uses the guideline time.

SOF = (M) (CWRG) (x/Q")/min[T  igesMaX(Trars Taye) ]

This equation should be used when it is necessary to determine the
toxicological consequences of accidental releases from K basins. Sum-of-
fractions that are less than one indicate that risk evaluation guidelines are
met. Sum-of-fractions that are greater than one indicate that risk evaluation
guidelines are exceeded and some type of control must be added to lower the
probability of the accident.

TOX-RAD3 .WP5 September 21, 1999 Page 14













SNF-5066 Rev 0

Note that the released material is assumed to have the same composition
as sludge. If an accident results in additional chemicals besides the
materials in sludge, then a new CWRG must be generated.

The toxicological calculations addressed in this report use the above
equation. The calculations for toxic chemical releases should be carried out
using the steps shown below.

1. Determine the accident frequency range for the event.

2. Determine the quantity of material released into the air as
respirable particles. It is also important to estimate the time
required to release this material. If the duration exceeds
15 minu? , then the 15-minute period during the rel¢ ;e that
contains the greatest amount released must be used in the
calculation of the Sum-of-fractions.

3. Determine the SOF by multiplying the mass released by the air
transport factor and the CWRG, and dividing by the appropriate
time interval. If the SOF is greater than 1.0, then controls must
be established to lower the probability of the accident or the
mass released.

Using the mass fractions shown in Tables 7, 8, and 9, and the
concentration guidelines shown in Table 3, the CWRGs for K basins sludge are
calculated and listed in Table 10. The contribution of the TRU to the CWRG is
included by assuming that americium and plutonium are chemically similar to
uranium in the body. By this assumption, the concentration guides for uranium
are also used for americium and plutonium. The values for CWRG are given in
more detail in Appendix B. Appendix B lists the contribution of each chemical
to the total CWRG. In Appendix B the effective concentration limit is also
shown. Last in the tables is the percent contribution of each compound to the
total. From the percentages, it is evident that silicon oxide (as finely
divided particulate, assumed respirable, and not aggiomerated) is the main
contributor to the toxicity of the general basin sludge.

Comparison of Toxicological ~n~d Rarir~Ta~ir=]

Because any environmental release of sludge could have toxicological and
radiological effects, both should be computed for comparison with consequence
guidelines. A comparison will be presented in this section by using a ratio
of radiological and toxicological ratios. The radiological (or toxicological)
ratio shows the importance of a given release by comparing the resulting dose
(or air concentration) with the risk evaluation guidelines. The ratio of
these radiological and toxicological ratios simplifies the comparison so that
a broader variety of accident conditions can be evaluated.

TOX-RAD3Z . WPS September 21, 1999 Page 18







SNF-5066 Rev 0

Radiological ratio = (M)(x/Q')(BR)(UD)/(RRG)
Toxicological ratio = (M){(x/Q") (CWRG)/min[T  ;ge,max(T o5 T,e) ]

where

M = mass of K basin sludge released into the air as respirable
particles, grams

x/Q' = air transport factor, s/m* (HNF-SD-SNF-TI-059)
BR = average inhalation rate during the release, m/s

UD = committed effective dose equivalent per gram inhaled,
438,000 rem/g (HNF-SD-SNF-TI-059)

RRG = radiological risk evaluation guideline, rem (Table 1)

CWRG = composition-weighted risk guidelines for sludge, m per gram
of sludge (Table 10)

Touige = time period characteristic of the toxicological risk
guideline, seconds

T, = release duration, seconds

T, = exposure averaging period, 900 seconds.

Note that the same air transport factors are always used in both the
radiological and toxicological calculations. When the ratio of radiological
to toxicological is computed, the quantity released (M) and the air transport
factors (x/Q') cancel out. The resulting simplified ratio is shown below.

- Radiologiral ratio _ (BR) (UD) min(Tguide’max(Trel’Tave))
Toxicological ratio (RRG) (CWRG)

To minimize this ratio, the shortest time possible should be selected
for the release duration. This shortest time is the exposure averaging time,
15 minutes (900 seconds). The numerator is then 131,000 rem-m3)/g. Values
for the denominator come from Tables 1 and 10, and depends on the location of
the receptor (onsite or offsite) and the accident probability. Values for the
above ratios of radiolegical to toxicological consequences were computed for
each case. Results are shown in Table 11. The radiological »=tios are
greater than the toxicological ratios for any mass released and any release
duration, i.e., W is always greater than 1.0 for K basins sludge.
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