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1.0 INTRODUCTION

1.1 Scope of Study

The objective of this study is to determine if the uranium content of
the UO, Plant process condensate effluent has a significant
probability of exceeding 10 CFR Ch. 1 (1-1-89 Edition) Part 20,
Appendix B, Table II, Column 2 (Table II values) on the release of
radionuclides to the environment. Furthermore, if the probability is
significant, the objective is to determine if post neutralization
filtration of the process condensate is a recommended method of
effluent treatment for reducing the probability of exceeding Table II
values.

1.2 Background

The U03 Plant is a facility that is designed to convert 60 percent
uranyl nitrate hexahydrate (UNH) feed solution to an uranium oxide
(U ) powder (product) and nitric acid (by-product). The processes
with in the facility are evaporation, calcination, and nitrogen oxide
(N0x) absorption. The evaporation process uses three concentrators
that increase the feed to 100 percent UNH solution. The 100 percent
UNH solution is kept in a molten state by auxiliary heating and is
continuously pumped into up to six calciners where the UNH is exposed
to temperatures around 1000 OF and undergoes thermal decomposition to
form UO powder. The exhaust gases from the calciners are then
routed lo the nitric acid absorption process where NO~ is removed
from the gas stream with water in a multi-trayed, water cooled,
absorption column. Two steam jets are used to control the process
equipment vacuum and to remove non condensible vapors. The
condensible vapors and steam used in the jets are the principal
sources of the process condensate stream.

The only mechanism for directly contaminating the process condensate
with uranium while the plant is operating is the condensing of liquid
mist which passes through the steam jets. The two condensers are E-
03 and E-B3. The E-03 condenser only cools the gases from the
evaporation process. The E-83 condenser receives the exhaust gases
from both the E-03 condenser and the nitric acid absorption
column. The nitric acid absorption column scrubs the mists from the
calcination process and removes the uranium from the system. The
uranium is in the mist created in the evaporation process, carried by
the concentrator offgas, and condensed in the E-03 condenser.

The UGO Plant has had sixteen process runs since February, 1984. The
first Tourteen runs, process condensate effluent was discharged to
the 216-U-12 Crib. In 1987 and January 1988, the process condensate
effluent was modified to improve the neutralization process. The
fifteenth run started discharging to the 216-U-li Crib on February 1,
1988, was concluded on February 6. The average production rate was
26.7 metric tons of uranium per day, the third highest production
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rate. The last run occurred during April and May, 1989, and set a
record of. 29.1 metric tons of uranium per day.

The 1987 process modifications utilized an existing 14,000 gallon
surge tank, TK-X37, followed by a 800 gallon batch neutralization
tank, TK-C5. ( See Figure 1 ) The surge tank collects all of the
process condensate and is mixed by an electric agitator. The
neutralization tank is equipped with redundant pH meters and tanks to
add 70 percent phosphoric acid and 40 percent potassium hydroxide.
Both chemicals will cause a solid suspension of an uranyl form of
apatite. (The calcium needed to form the apatite comes from the
hardness in the small amounts of raw water added to the process.)

The process effluent control samples used in the study are currently
taken from a valve located in the transfer line between the surge
tank and the batch neutralization tank. The frequency of sampling
during operation periods is one per every third batch to the
neutralization tank. Because the neutralization batches are nearly
the same size during the run ( 450 to 500 gallons ), the sampling
technique can be considered to be flow proportional.

The maximum production rate of condensate is estimated to be 10
gallons per minute. The surge tank has a maximum process capacity of
12,500 gallons. The full damping value of the surge tank has not
been utilized by process operations. The volume of liquid in the
surge tank has varied between 2,000 and 12,500 gallons. The normal
level has been 7,000 to 8,000 gallons. The probability for some
concentration spikes exceeding the Table II values and reaching the
new 216-U-li Crib decreases when the surge tank is being operated at
high tank volume. The process has an existing capability to improve
performance in handling transient peak concentrations.

One additional modification was made to the sampling system between
production runs 15 and 16. The sampling point during run 15 was
located near a leaky UNH pump. Plant operating logs did report that
some UNH liquid was being splashed on the tubing from the sampling
pump. Some of the samples were suspected of being contaminated and
after the run, the pump was repaired and the sampling point was moved
to the Northwest wall of B-Cell.

A modification is being made to the process at the current time. A
Fiber Mist Eliminator manufactured by CECO Filters Inc. is being
installed between the concentrators and the E-D3 condenser. The
purpose of the equipment is to reduce the carry over of uranium
bearing mist from the concentrators prior to the vapor entry into the
condenser. The equipment was designed by the manufacturer for the
process. The manufacturer vendor information states a 100 to 1
reduction in the mist droplets being carried through their equipment.
The equipment is currently installed and is being prepared for
testing. The actual performance evaluation of this equipment will
not be completed for this study.
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1.3 Study Approach

The initial part of this study will be to establish risk criteria
limits. The possibility of exceeding a Table II value can never be
fully eliminated, it can only be reduced to where added protection
can not be economically justified. The purpose of the risk criteria
limits is to establish an appropriate decision point. If these
limits are exceeded, then the recommendation will be to provide
filtration. If the limits are not exceeded, filtration will not be
required.

The first criterion limit will be the maximum concentration of
uranium that can be found in a sample. Several isotopes of uranium
are found in the feed material. The uranium isotope that is normally
nearest to the Table II value will be used to estimate the maximum
uranium concentration.

The second criterion limit will be to establish the statistical risk
that one sample in a population of samples will exceed a Table II
value. Risk probability values are normally determined by the number
of standard deviations from the average of the sample population.

After the risk criteria limits are established, the statistical
processing of past sampling data will be completed. Past
experimental filtration data will be evaluated to estimate the
effectiveness of the process. The process will be evaluated for any
abnormal conditions that may cause unusually high concentrations of
uranium.. Finally, the uranium concentration from the evaporation
process with fiber mist eliminator will be evaluated. Conclusions
and recommendations may include process changes in addition to the
decision on the requirements for a filter.

2.0 SUMMARY OF RESULTS

The study was made to determine if filtration would be recommended
after neutralization of the U03 Plant Process Condensate.
Calculations based on the most restrictive isotope ( U-234 ) show the
maximum uranium allowed in the Process Condensate stream should be
.04 grams per liter. For purposes of this study, risk criteria from
DOE Order 6430.1A was used to evaluate the probability for exceeding
the Table II value. The risk criteria is that a credible event must
be greater than one per million per year.

Past process condensate data from 1988 to the present was evaluated
and the condensate discharged to the 216-U-17 Crib has never exceeded
uranium Table II values. The calculated maximum credible event
concentration value for uranium is less than 0.006 grams per liter.
These findings show that filtration is not required.

A-6400-073.1 (6-8
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In addition, the study also made recommendations to reduce risk with
process operational changes and the use of a fiber mist eliminator,
if the equipment is available.

3.0 DISCUSSION

3.1 Risk Criteria Development

3.1.1 Concentration Limit

The UNH feed material has four significant isotopes of uranium; U-
238, U-235, U-236 and U-234. All the isotopes have insignificant
differences in their physical and chemical properties. An assumption
is that the isotopic mix of the uranium in the process condensate is
the same as in the feed material.

The most common isotope in the uranium feed is U-238. The UO Plant
feed specifications limit the minimum concentration of U-238 lo'99.0
percent of the total uranium. The maximum concentration of U-238 is
99.2 percent. Typical isotopic distributions are shown in Table 1.

Table 1

Typical Isotopical Distribution Range Data

Uranium Isotope Minimum (%) Maximum(%

U-238 99.0 99.2
U-235 0.78 0.86
U-236 0.10 0.15
U-234 0.002 0.012

The Table II values for isotopes are expressed as micro Curies per
milliliter (uCi/ml). Curies is a function of both the isotope's
atomic weight and half life. The Table II values are 4.0 E-5 uCi/ml
for U-238 and 3.0 E-5 uCi/ml for the other isotopes.

The calculations in Appendix A, Calculation Set 1, show that U-234 is
the isotope most likely to exceed the Table II values. Based on the
value for U-234 and the isotopical list above, the maximum uranium
concentration should be limited to 0.04 grams per liter.

3.1.2 Risk Limit

For purposes of this study, criteria from the Department of Energy
(DOE) regulation, DOE Order 6430.1A, Design Criteria, was used to
establish a value limit for risk management. The design criteria
requires that new construction install equipment that will mitigate
the probability of a credible event. The installation of a

A400O.072-1 cs-a-
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filtration system is new construction for the U0 3 Plant. Credible
events have a probability of occurrence greater or equal to 1 per
1,000,000 (1E-6) per year. Therefore, if the probability of one
sample, having a concentration of at least 0.04 grams of uranium per
liter, exceeds the value, 1E-6, in the only stabilization run
scheduled for the next year, then the filter will be required to be
installed.

Not exceeding a risk management limit does not imply a filter should
not be installed. It does require that the need for equipment be
evaluated for its economic benefit to provide public and
environmental protection.
Risk is a probability value based upon the unit normal distribution
curve where the area under one of the extremities ( tails ) of the
curve is the risk value. The frequency of occurrence on a normal
distribution curve is calculated as standard deviations units around
the central point of tendency ( mean or average ). The probability
curve is a logarithmic function of standard deviation units and
increases in standard deviation units cause significantly less area
under the tail of the curve.

The Calculation Set 2 in Appendix A uses the above statistics theory
to calculate the limit for risk management. The limit is given in
standard deviation units. The calculation shows that if the mean
uranium concentration for a population of samples ( estimated 120
samples ) is less than 6 standard deviation units from .04 grams per
liter, then the filter shall be required.

3.2 Previous Analytical Results

Prior to 1988, some samples were obtained that had uranium
concentrations greater than the Table II values. These samples were
either the result of transitory variations in the process effluent or
the lack of proper sampling technique. All of this effluent was sent
to the inactive 216-U-12 Crib. The samples collected since the
process modifications completed in January, 1988, have not had one
sample exceeding Table II values.

The production runs prior to January 1988 would not be a valid
comparison for determining probability. The most significant change
was the installation of the agitated surge tank. The surge tank
provides significant dampening of transient peak concentration values
sometimes found before the modifications.

Only two runs were completed since January, 1988, Runs 15 and 16.
Run 15 is shown in Appendix A Table 1 and has 82 sample data points.
Run 16 is shown in Appendix A Table 2 and has 157 data points. The
U-234 concentration for these runs was lower than the maximum in
Table 1 above.

The uranium concentration Table II value based on the isotopical
distribution of the feed was calculated to be .07 grams of uranium
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per liter for each of these runs. No data point exceeded the uranium
concentration limit previously established in Section 3.1.1,
therefore, the limit value of .04 grams of uranium provides a small
amount of conservatism in the risk limit.

Both runs were evaluated by the Process Laboratories and Technology,
Statistics Team. The report," Statistical Analysis of U03 Plant
Process Condensate Data ", dated July 31, 1991, is in Appendix B.
The findings were that neither run was a normal distribution.

Run 15 had a significant spread of data points as shown in Figure 1
of the Statistic Team report. Secondly, the fluctuation in
concentration was much more variable than in Run 16 for consecutive
samples. This variability would not commonly be found in samples
taken after a large agitated surge tank. Finally, Run 15 had
increasing concentration values as the run progressed. All of these
observations are indicators that the samples were being contaminated
with UNH solution on the sampling tube as reported in the operation
logs. Based upon the evidence, Run 15 is not valid data for
preparing a study. Run 15 was not used *for further analysis.

Many times process concentration data has a marked skewness to the
right on a normal distribution curve. This is partly due to natural
physical phenomena such as vapor pressure relationships that are
logarithmic functions. In many cases, the logarithms of the data
will follow a normal distribution. The Statistics Team does not show
any evidence that this type of evaluation was made for Run 16.
Appendix A Table 3 is a computer spread sheet analysis of Run 16.
The data shows good results with a log normal distribution. The
calculations show that for Run 16 the concentration value, six
standard deviations above the mean, is 0.0057 grams per liter.
Section 3.1 establishes .04 grams per liter as the Risk Management
Limit.

3.3 Filter Experimental Test Evaluation

In 1988, the process condensate from the U03 Plant was tested with
filtration studies. The tests were performed by the Westinghouse
Process Chemistry Laboratories. The report " Uranium Solids
Formation Resulting From Neutralization of UG Process Condensate "

dated August 15, 1988, is in Appendix B. Tesis show that
approximately 75 percent of the uranium can be removed with
laboratory filters. The laboratory filters were 0.45 micron.
Industrial filters are seldom less than 1 micron. The particle
removal efficiency of an industrial filter would be less than what is
reported.

3.4 Process Characteristic Evalua tion

The operation of the process since the 1987-88 modifications has been
limited to two runs. Process characteristics must be evaluated, in
addition to operating data, to identify potential operational risks.

A-6400-073.1 (6-1
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Current operational procedures will be evaluated to identify ways of
mitigating risk.

The evaporation process is usually stable with very little variation
in operation. However, the evaporation of the UNH solution is
performed under reduced pressure. The evaporation rate can change
significantly with variations in pressure. The most critical dynamic
situation caused by pressure variations will occur during start-up of
evaporation equipment. If the steam jets were started after the
liquid in the evaporators were heated, then the liquid would be
superheated and a large evolution of vapor would boil into the
condensers. The surge of liquid carryover to the condensers would
generally be short in duration, 10 minutes or less. The
concentration of uranium in the liquid would be high compared to
normal operating conditions. This problem has not occurred in the
previous sixteen runs.

The operating procedures are written to eliminate the high mist
carryover condition. The operating procedures specify the vacuum
from the steam jets must reach an equilibrium pressure before the
concentrators are filled with liquid.

The Tk-X31 surge tank was installed to dampen concentration
variations due to varying pressure conditions in the evaporation
equipment. The more liquid in the surge tank, the less the impact of
transient peak conditions in liquid carryover. A surge tank
operating at a 12,500 gallon capacity will have approximately 6 times
less peak concentration values than a surge tank with 2,000 gallons.
Procedures on the operation of the surge tank are currently being
reviewed. The minimum volume in the surge tank is expected to be
increased to 6000 gallons.

3.5 Fiber Mist Eliminator Evaluation

The manufacture, CECO Filters Inc., vendor information on the fiber
mist eliminator says the equipment will eliminate 99 percent of the
liquid droplets being carried to the process condensers. The liquid
droplets are the media for carrying uranium and most other
radionuclides. Uranium is a non-volatile material. The estimated
reduction in the uranium is estimated to be 100 to 1.

4.0 CONCLUSIONS

The evaluation of Run 16 data shows that a filter would not be
required. The operation of the process has some capacity to reduce
the risk of exceeding Table II values. The surge tank can be
operated at higher capacity. If the fiber mist eliminator is
installed, the equipment can be placed in service to significantly
reduce uranium concentrations in the condensate.

A-6400-073.1 (6-a
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5.0 RECOMMENDATIONS

The results of the study indicate the likelihood of exceeding the
Table II values is extremely small. Installation of a post
neutralized Process Condensate filter is not recommended as the
marginal reduction in uranium content by this method is not a
justifiable benefit as compared to the expense incurred.

The UNH concentrator operating procedure should be evaluated as to
its adequacy in providing instruction to the system operators which
minimizes the risk of an upset condition which could potentially lead
to increased uranium carryover in the off-gas stream.

The minimum operating volume in the surge tank needs to be increased.
The additional volume of water will dampen transient variations in
uranium concentration.

A Tni-Party Agreement (TPA) milestone to install a fiber mist
eliminator downstream of the concentrator vapor outlet nears
completion. This system is designed to remove uranium bearing mists
from the concentrator off-gas streams with a potential reduction of
up to 100. This project was'originally slated for a mid-1993
completion and was moved up to December 1991. An aggressive
construction schedule has led to an even earlier completion date.
Assuming operational testing of the system is successfully completed,
it will be operational during the October stabilization campaign;
however, it is recognized that this condition is not a requirement to
operate the facility under Table II values.

A-6400-073.1 (6-8
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APPENDIX A TABLE 1

RUN #15- U03 PLANT PRE-NEUTRALIZED PROCESS CONDENSATE SAMPLES (TK-X-37)

DATE TIME SAMPLE # URANIUM pH
(g/1)

02/01/88 1335 U2288 1.84E-04 1.96
02/01/88 1400 U2289 1.83E-04 1.86
02/01/88 1418 U2290 2.14E-04 1.86
02/01/88 1430 U2291 2.32E-04 1.87
02/01/88 1445 U2292 2.28E-04 1.87
02/01/88 1500 U2293 1.34E-04 1.88
02/01/88 1511 U2294 1.77E-04 1.90
02/01/88 1738 U2295 2.26E-04 1.93
02/01/88 1755 U2296 3.12E-04 1.94
02/01/88 1812 U2297 2.23E-04 1.95
02/01/88 1824 U2298 1.65E-04 1.91
02/01/88 1840 U2299 1.84E-04 1.96
02/02/88 213 U2300 7.48E-03 1.68
02/02/88 228 U2301 1.14E-02 1.65
02/02/88 252 U2302 1.74E-02 1.22
02/02/88 313 U2307 1.03E-03 1.11
02/02/88 849 U2308 8.66E-04 0.94
02/02/88 917 U2309 4.50E-04 0.93
02/02/88 941 U2310 4.49E-04 0.93
02/02/88 1001 U2311 4.49E-04 0.9 .3
02/02/88 1022 U2312 4.87E-04 0.93
02/02/88 1043 U2313 4.78E-04 0.93
02/02/88 1300 U2314 4.87E-04 0.95
02/02/88 1323 U2315 2.78E-04 0.97
02/02/88 1345 U2316 5.68E-04 0.95
02/02/88 1401 U2317 3.74E-04 0.98
02/02/88 1430 U2318 6.91E-04 1.00
02/02/88 1455 U12319 2.44E-04 1.01
02/02/88 1728 U12320 4.84E-04 1.05
02/02/88 1755 U2321 3.78E-04 1.06
02/02/88 1815 U2336 7.78E-04 1.06
02/03/88 315 U2337 8.57E-04 0.75
02/03/88 345 U2338 1.20E-03 1.00
02/03/88 405 112339 6.81E-04 0.70
02/03/88 645 U12340 7.42E-04 0.74
02/03/88 720 U2341 7.08E-04 0.73
02/03/88 830 U2342 5.30E-04 0.66
02/03/88 1330 112343 1.30E-03 0.66
02/03/88 1400 112344 1.02E-03 0.58
02/03/88 1445 112345 9.37E-04 0.61
02/03/88 1510 U2346 8.OOE-04 0.62
02/03/88 1645 U2347 8.13E-04 0.61
02/03/88 1715 U2348 7.87E-04 0.62



APPENDIX A TABLE 1

(Cont inued)

DATE TIME SAMPLE # URANIUM pH

02/03/88 2015 U2349 7.19E-04 0.62
02/03/88 2055 U2350 6.34E-04 0.61
02/03/88 2125 U2351 8.94E-04 0.60
02/03/88 2245 U2352 8.13E-04 0.62
02/03/88 2325 U2353 7.72E-04 0.61
02/04/88 50 U2354 7.08E-04 0.89
02/04/88 135 U2355 7.OOE-04 0.61
02/04/88 152 U2361 7.67E-04 0.61
02/04/88 220 U2362 7.60E-04 0.62
02/04/88 255 U2363 6.96E-04 0.62
02/04/88 432 U2364 1.22E-03 0.60
02/04/88 505 U2365 7.49E-04 0.59
02/04/88 530 U2366 9.30E-04 0.63
02/04/88 603 U2367 1.19E-03 0.60
02/04/88 637 U2368 6.34E-04 0.59
02/04/88 708 U2369 8 * OOE-04 0.63
02/04/88 813 U2370 9.36E-04 0.60
02/04/88 844 U2371 4.29E-04 0.55
02/04/88 912 U2372 8.05E-04 0.59
02/04/88 947 U2373 3.11E-03 0.60
02/04/88 1100 U2374 3.07E-02 0.58
02/04/88 1125 U2375 2.01E-02 0.59
02/04/88 1310 U2380 1.17E-03 0.60
02/04/88 1345 U2381 3.48E-03 0.60
02/04/88 1415 U2382 1.69E-02 0.62
02/04/88 1450 U2383 4.47E-03 0.59
02/04/88 1635 U2384 7.32E-04 0.57
02/04/88 1705 U2385 1.64E-03 0.61
02/04/88 1735 U2386 2.04E-03 0.60
02/04/88 1805 U2387 1.07E-03 0.60
02/04/88 1915 U2388 3.13E-03 0.58
02/04/88 1940 U2389 2.45E-03 0.60
02/04/88 2005 U2390 1.23E-03
02/04/88 2035 U2391 2.50E-03 0.59
02/04/88 2105 U2392 1.62E-03
02/04/88 2130 U2393 2.41E-03
02/04/88 2200 U2394 7.03E-03 0.59
02/04/88 2230 U2395 3.26E-03 0.58
02/05/88 200 U2298 4.72E-06



APPENDIX A TABLE 2

RUN #16- U03 PLANT PRE-NEUTRALIZED PROCESS CONDENSATE SAMPLES (TK-X-37)

DATE TIME SAMPLE # URANIUM pH
(g/1)

04/18/89 1345 U3153 3.24E-04 2.31
04/20/89 1130 U3168 3.51E-04 1.89
04/20/89 1204 U3169 2.11E-04 1.88
04/20/89 1234 U3170 1.76E-04 1.77
04/20/89 1305 U3171 2.18E-04 1.88
04/20/89 1345 U3172 2.11E-04 1.88
04/20/89 1550 U3173 4.30E-04 1.45
04/20/89 1910 U3174 5.62E-04 1.29
04/20/89 2220 U3175 5.29E-04 1.16
04/21/89 125 U3176 5.62E-04 1.20
04/21/89 335 U3177 5.62E-04 1.11
04/21/89 1005 U3200 7.02E-04 1.07
04/21/89 U3201 9.63E-04 1.02
04/21/89 U3202 7.49E-04 1.01
04/21/89 U3203 7.25E-04 1.02
04/21/89 U3204 7.98E-04 1.00
04/21/89 U3205 8.43E-04 1.06
04/21/89 U3206 7.75E-04 1.04
04/21/89 U3207 9.84E-04 1.00
04/21/89 U3208 5.95E-04 1.08
04/21/89 U3209 6.13E-04 1.06
04/21/89 1210 U3210 6.74E-04 1.03
04/21/89 1415 U3211 6.47E-04 1.01
04/21/89 1745 U3212 7.15E-04 1.14
04/21/89 2240 U3213 8.43E-04 0.99
04/22/89 250 U3214 7.82E-04 0.98
04/22/89 515 U3215 6.74E-04 0.93
04/22/89 742 U3216 7.66E-04 0.88
04/22/89 915 U3217 7.22E-04 0.91
04/22/89 1110 U3218 7.35E-04 0.81
04/22/89 1445 U3219 8.24E-04 0.97
04/22/89 1550 U3220 8.14E-04 0.94
04/22/89 1735 U3221 9.30E-04 0.98
04/22/89 2013 U3222 8.99E-04 0.94
04/22/89 2243 U3223 9.69E-04 1.03
04/23/89 105 U3224 9.54E-04 1.00
04/23/89 320 U3225 8.24E-04 1.00
04/23/89 615 U3226 9.63E-04 0.98
04/23/89 930 U3227 9.63E-04 1.05
04/23/89 1130 U3228 9.30E-04 1.00
04/23/89 .1400 U3229 8.62E-04 0.98
04/24/89 U3261 9.51E-04 0.98
04/24/89 U3262 9.08E-04 0.96
04/24/89 1600 U3263 9.57E-04 1.09
04/24/89 1915 U3264 9.99E-04 1.04
04/24/89 2115 U3265 9.94E-04 1.02
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DATE TIME SAMvPLE # URANIUM pH

04/24/89 U3266 9.69E-04 1.19
04/24/89 U3267 1.00E-03 1.16
04/24/89 U3268 9.37E-04 1.06
04/24/89 U3269 1.16E-03 1.00
04/24/89 U3270 9.74E-04 1.06
04/25/89 U3281 8.24E-04 1.01
04/25/89 U3282 8.62E-04 0.98
04/25/89 U3283 8.62E-04 0.98
04/25/89 U3284 1.OOE-03 1.14
04/25/89 U3285 9.69E-04 1.10
04/25/89 U3286 1.04E-03 1.08
04/25/89 U3287 8.14E-04 1.02
04/25/89 U3288 8.53E-04 1.08
04/25/89 U3289 7.87E-04 1.03
04/25/89 U3290 .8.53E-04 1.00
04/26/89 U3301 7.75E-04 1.00
04/26/89 U3302 8.74E-04 1.02
04/26/89 U3303 9.44E-04 1.05
04/26/89 U3304 9.51E-04 0.99
04/26/89 1205 U3305 8.91E-04 1.05
04/26/89 1400 U3306 8.53E-04 1.02
04/26/89 1545 U3307 8.14E-04 1.00
04/26/89 1915 U3308 8.24E-04 1.00
04/26/89 2000 U3309 8.62E-04 1.19
04/26/89 U3310 7.83E-04 1.06
04/26/89 U3325 8.91E-04 1.00
04/26/89 U3326 8.65E-04 0.98
04/26/89 U3327 5.82E-04 1.07
04/26/89 U3328 6.87E-04 1.00
04/26/89 U3329 6.66E-04 1.02
04/26/89 U3330 8.91E-04 . 1.09
05/08/89 1451 U3331 3.26E-04 1.70
05/09/89 245 U3332 1.58E-04 1.92
05/09/89 610 U3333 3.81E-04 1.42
05/09/89 922 U3334 5.99E-04 1.17
05/03/89 U3409 2.70E-04 1.74
05/07/89 U3489 3.17E-04
05/09/89 1223 U3545 8.43E-04 1.07
05/09/89 1630 U3546 8.08E-04 1.13
05/09/89 2045 U3547 7.25E-04 1.04
05/09/89 2344 U3548 5.99E-04 1.13
05/10/89 255 U3549 5.44E-04 1.07
05/10/89 550 U3550 5.97E-04 1.05
05/10/89 841 U3551 7.25E-04 1.04
05/10/89 1103 U3552 7.49E-04 1.01
05/10/89 1319 U3553 8.03E.-04 1.07
05/10/89 1653 U3554 9.08E-04 1.04
05/10/89 1853 U3555 8.43E-04 0.97
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05/10/89 2220 U3556 8.78E-04 0.84
05/11/89 18 U3557 7.75E-04 0.84
05/11/89 237 U3558 8.65E-04 0.82
05/11/89 456 U3559 7.63E-04 0.87
05/11/89 640 U3560 8.53E-04 1.00
05/11/89 740 U3561 8.33E-04 0.96
05/11/89 1030 U3562 1.08E-03 0.93
05/11/89 1310 U3563 8.33E-04 0.90
05/11/89 1700 U3564 7.93E-04 0.94
05/11/89 1950 U3585 7.68E-04 0.91
05/11/89 2130 U3586 7.25E-04 0.94
05/11/89 2301 U3587 8.06E-04 0.99
05/12/89 45 U3588 8.03E-04 0.84
05/12/89 242 U3589 8.65E-04 0.79
05/12/89 435 U3590 8.03E-04 0.12
05/12/89 630 U3591 8.03E-04 0.65
05/12/89 824 U3592 7.49E-04 0.62
05/12/89 1007 U3593 9-51E-04 0.63
05/12/89 1142 U3594 7.78E-04 0.86
05/11/89 U3595 7.03E-04 0.96
05/12/89 1419 U3596 7.78E-04 0.80
05/12/89 1707 U3597 7.70E-04 0.70
05/12/89 2000 U3598 7.43E-04 0.93
05/12/89 2342 U3599 4.12E-04 0.90
05/13/89 143 U3600 6.23E-04 0.98
05/13/89 440 U3601 8.24E-04 0.92
05/13/89 735 U3602 8.33E-04 0.90
05/13/89 1015 U3603 8.63E-04 0.89
05/13/89 1214 U3604 8.74E-04 0.88
05/13/89 1610 U3632 8.03E-04 0.99
05/13/89 1725 U3633 7.83E-04 0.95
05/13/89 1840 U3634 6.89E-04 0.89
05/13/89 2055 U3635 8.54E-04 0.94
05/13/89 2310 U3636 7.23E-04 0.85
05/14/89 100 U3637 6.74E-04 0.80
05/14/89 220 U3638 6.74E-04 0.78
05/14/89 420 U3639 7.49E-04 0.76
05/14/89 640 U3640 7.12E-04 0.75
05/14/89 900 U3641 7.12E-04 0.74
05/14/89 1117 U3648 7.87E-04 0.69
05/14/89 1341 U3649 7.22E-04 0.86
05/14/89 1605 U3650 6.42E-04 0.87
05/14/89 1830 U3651 7.17E-04 0.91
05/14/89 2053 U3652 7.17E-04 0.83
05/15/89 28 U3653 7.56E-04 0.90
05/15/89 140 U3654 7.64E-04 0.68
05/15/89 337 U3655 7.64E-04 0.66
05/15/89 555 U3656 7.64E-04 0.65
05/15/89 8.08 U3657 7.64E-04 0.69
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05/15/89 1024 U3666 7.64E-04
05/15/89 1241 U3667 7.42E-04 0.81
05/15/89 1436 U3668 7.42E-04 0.76
05/15/89 1715 U3669 8.20E-04 0.70
05/15/89 1930 U3670 7.78E-04 1.04
05/15/89 2150 U3671 7.70E-04 1.01
05/16/89 30 U3672 7.78E-04 0.98
05/16/89 225 U3673 4.97E-04 0.92
05/16/89 505 U3674 3.85E-04 0.90
05/16/89 753 U3675 3.43E-04 0.90
05/16/89 914 U3711 6.66E-04 0.90
05/16/89 1129 U3712 6.92E-04 0.92
05/16/89 1356 U3713 6.79E-04 0.93
05/16/89 1613 U3714 7.02E-04 0.89
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APPENDIX A TABLE 3

STATISTICAL EVALUATION OF RUN 16

SAMPLE CONC. VARIANCE Ln(Conc. ) VARIANCE

U3153 .000324 .0000002 -8.034767 .6281449
U3168 .000351 .0000002 -7.95472 .5076751
U3169 .000211 .0000003 -8.463651.4919189
U3170 .000176 .0000003 -8.645021.9678912
U3171 .000218 .0000003 -8.431011.4132559
U3172 .000211 .0000003 -8.463651.4919189
U3173 .00043 .0000001 -7.7-5172 .2596048
U3174 .000562 .0000000 -7.48400 .0584661
U3175 .000529 .0000000 -7.54452 .091392
U3176 .000562 .0000000 -7.48400 .0584661
U3177 .000562 .0000000 -7.48400 .0584661
U3200 .000702 .0000000 -7.26157 .000375
U3201 .000963 .0000000 -6.94545 .0880629
U3202 .000749 .0000000 -7.19677 .0020648
U3203 .000725 .0000000 -7.22933 .0001657
U3204 .000798 .0000000 -7.133402 .0118394
U3205 .000843 .0000000 -7.07854 .02671871
U3206 .000775 .0000000 -7.16264 .0063304
U3207 .000984 .0000001 -6.92388 .1013317
U3208 .000595 .0000000 -7.42694 .0341281
U3209 .000613 .0000000 -7.39714 .0240047
U3210 .000674 .0000000 -7.30228 .0036083
U3211 .000647 .0000000 -7.34316 .0101915
U3212 .000715 .0000000 -7.243228 .000001
U3213 .000843 .G000000 -7.07854 .0267871
U3214 .000782 .0000000 -7.15365 .007842
UJ3215 .000674 .0000000 -7.30228 .0036083
U3216 .000766 .0000000 -7.17432 .0046081
U3217 .000722 .0000000 -7.23348 .0000761
U 3 218 .000735 .0000000 -7.21564 .000706
U3219 .000824 .0000000 -7.10134 .0198447
U3220 .000814 .0000000 -7.11355 .0165536
U3221 .00093 .0000000 -6.980326 .0685838
U3222 .000899 .0000000 -7.01422 .0519765
U3223 .000969 .0000000 -6.93924 .0917879
U3224 .000954 .0000000 -6.95484 .08257892
UJ3225 .000824 .0000000 -7.10134 .0198447
U3226 .000963 .0000000 -6.94545' .08 80ti29
U 3 227 .000963 .0000000 -6.94545 .08806Z9
U3228 . 000 93J .0000000 -6.980326 .0685838
U3229 .000862 .0000000 -7.05625 .0345796
L:3'2 61 .000951 .0000000 -6.95799 .,080 7 779
U 3 2 62 .100908 .0000000 -7.004216 .56 6 17 8
U3263 03009 57 .0000000 -6.95170 .08 4:3 92 5
3 26 4 .000999 .0000001 -6.90875 .1:11925
u 326 5 .000994 .0000001 -6.91377 .10-137L14
U32-6 6 .000969 .0000000 -6.93924 .0917379
U26 7 .001 .0000001 -6.90775 .111:3607

A - 2-4-
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133268 .000937 .0000000 -6.97282 .0725676
U33269 .00116 .0000002 -6.75933 .92331691
U33270 .000974 .0000001 -6.93409 .0949329
U33281 .000824 .0000000 -7.10134 .0198447
U33282 .000862 .0000000 -7.05625 .0345796
U33283 .000860r .0000000 -7.05625 .0345796
U33284 .001 .0000001 -6.90775 .1118607
U33285 .000969 .0000000 -6.93924 .0917879
133286 .00104 .0000001 -6.86853 .1396342-
133287 .000814 .0000000 -7.11355 .0165536
133288 .000853 .0000000 -7.066751 .0307862
U33289 .000787 .0000000 -7.14728 .0090115
U3290 .000853 .0000000 -7.066751 .0307862
U3301 .000775 .0000000 -7.16264 .0063304
133302 .000874 .0000000 -7.04243 .0399124
U33303 .000944 .0000000 -6.96538 .076633
U33304 .000951 .0000000 -6.95799 .0807779
U33305 .000891 .0000000. -7.02316 .0479807
U33306 .000853 .0000000 -7.066751 .0307862
U33307 .000814 .0000000 -7.11355 .0165536
LT3308 .000824 .0000000 -7.10134 .0198447
U33309 .000862 .0000000 -7.05625 .0345796
133310 .000783 .0000000 -7.15237 .00807
U3325 .000891 .0000000 -7'.02316 .0479807
U33326 .000865 .0000000 -7.05278 .0358837
133327 .000582 .0000000 -7.44904 .0427782
133328 .000687 .0000000 -7.28317 .0016781
U33329 .000666 .0000000 -7.31422 .0051854
U33330 .000891 .0000000 -7.02316 .0479807
133331 .000326 .0000002 -8.02861 .6134282
133332 .000158 .0000004 -8.752912.2822278
U33333 .000381 .0000001 -7.87271 .397-5303
133334 .000599 .0000000 -7.420249 .0316975
U-3409 .00027 .0000002 -8.21708 .9503861
133489 .000317 .0000002 -8.05660 .6632436
133545 .000843 .0000000 -7.07854 .0267871
U33546 .000808 .0000000 -7.12094 .0147046
U33547 .000725 .0000000 -7.292933 .0001657
U,3548 .000599 .0000000 -7.420249 .0316975
133549 .000544 .0000000 -7.51656 .075268
U33550 .0005.97 .0000000 -7.42359 .0328996
133551 .000725 .0000000 -7.22933 .0001657
133552 .000749 .0000000 -7.19677 .0020648
133553 .000803 .0000000 -7.12715 .0132-377
133554 .000908 .0000000 -7.00426 .0566178
U33555 .000843 .0000000 -7.07854 .0267-871
13'3556 .000878 .0000000 -7.037864 .0417578
U33557 .0007O-75 .0000000 -7.16264 .0063304
13558 .000865 .0000000 -7.05278 .0358837
U33559 .000763 .0000000 -7.173295 .0040907
1:3560 .000853 .0000000 -.-066751 .0307862
133561 .,0008313 .0000000 -7.09047 .092302-)3
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U3562 .00108 .0000001 -6.83079 .1692638
U3563 .000833 .0000000 -7.09047 .0230233
U3564 .000793 .0000000 -7.13968 .0105111
U3585 .000768 .0000000 -7.17172 .0049689
U3586 .000725 .0000000 -7.22933 .0001657
UJ3587 .000806 .0000000 -7.12342 .0141097
U3588 .000803 .0000000 -7.12715 .0132377
Ui3589 .000865 .0000000 -7.05278 .0358837
U3590 .000803 .0000000 -7.12715 .013'2377
U3591 .000803 .0000000 -7.12715 .0132377
U3592 .000749 .0000000 -7.19677 .0020648
U3593 .000951 .0000000 -6.95799 .0807779
U3594 .000778 .0000000 -7.158784 .0069601
tJ3595 .000703 .0000000 -7.26015 .000.3219
U3596 .000778 .0000000 -7.1587184 .0069601
U3597 .00077 .0000000 -7.16912 .0053423
U3598 .000743 .0000000 -7.20481 .0013985
U3599 .000412 .0000001 -7.79448 .3050089
U3600 .000623 .0000000 -7.380964 .0192524
U3601 .000824 .0000000 -7.10134 .0198447
U3602 .000833 .0000000 -7.09047" .0230233
U3603 .000863 .0000000 -7.05509 .0350121
U3604 .000874 .0000000 -7.04243 .0399124
U3632 .000803 .0000000 -7.12715 .0132377
123633 .000783 .0000000 -7.15237 .00807
U3634 .000689 .0000000 -7.28026 .0014484
123635 .000854 .0000000 -7.06557 .0311988
U3636 .000723 .0000000 -7.23210 .0001022
U23637 .000674 .0000000 -7.30228 .0036083
U23638 .000674 .0000000 -7.302928 .0036083
13639 .000749 .0000000 -7.19677 .0020648
13640 .000129 .0000000 -7.24743 .0000273
U23641 .000712 .0000000 -7.24743 .0000273
123648 .000787 .0000000 -7.14728 .0090115
U23649 .000722 .0000000 -7.23348 .0000761
U23650 .000642 .0000000 -7.35092 .0118181
U-3651 .000717 .0000000 -7.24043 .0000032
U3652 .000717 .0000000 -7.24043 .0000032
123653 .000756 .0000000 -7.18746 .0029967
123654 .000764 .0000000 -7.17694 .00426
U23655 .000764 .0000000 -7.17694 .00426
U23656 .000764 .0000000 -7.17694 .00426
U23657 .000764 .0000000 -7.17694 .00426
U23666 .000764 .0000000 -7.17694 .0)042-6
123667 .0007420 .0000000 -7.20616 .0012996
123668 .000742 .0000000 -7.20616 .0012996
123669 .00082- .0000000 -7.10620 .0184973
U23670 .000778 .0000000 -7.158784 .0069601
U23671 .00077 .0000000 -7.16912 .00534923
1236 72 .000778 .0000000 -7. 158784 .0069601
123673 .000497 .0000001 -7.60692 .133013
U23674 .000385 .0000001 -7 26.-)844696
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U3675 .000343 .0000002 -7.97778 .5410618
U3711 .000666 .0000000 -7.31422- .0051854
U3712 .000692 .0000000 -7.27592 .0011366
U3713 .000679 .0000000 -7.29488 .002:7o
U3714 .000702 .0000000 -7.26157 .000375

Sum of Column .117709 .0000055 -1137.02 18.54400

Number of Samples 157

Average of Column .00074971 -7.24221

Standard Deviation .000187 .3447779

Six STD. DEV. .0011219 2.0686675

Add Average .0018716 -5.17354

Convert Log Normal Average to Linear Average .0007157

Convert 6 x Log Normal (S.D.) to Linear Answer -. 0056645

Prepared by: _ _ _ _ _ _ _ _ _ _

Checked by: ,
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Westinghouse C -E ~ ECinea
Ha.-.fo rd Comira n M e mo

F.roM.: Process Laboratories anc 7echnolocy
Phone: 3-2475 716-18
Date: July 31. 1991
Subject: STAT:S771''A L A 1 1A LY S :S OF fa'03 P LAN7 P CRC1 C CIN sE ISA 7 A7-

ao: 0. C.Hecencren -0

c: C . P. Slouchlter 76-.7
TLW LB/Pile

~efernce: 0. B. Owen. Handbook of Statistical Tables, 196Z, Addison-
Wesley Publishing Co., Inc., Reading, Massachusetts.

The Statistkics Team received data pertaining to the UO, Plant process
condensate samoles. The purposes of the statistical a ,aiysis were (1) to
determine an uoper limit for the uranium comoosition for future process
condensate samples from historicai data and 2)to comoare this uoper l imzt
t.o the Table 11 limit which is equivalent to 0.07 g/', uranium concentrat:ion
(10 CFR Z0, Appendix 'a, Table It Column 2).

The uranium concentration From the process condensate samole results for run
number 15 (2/1/88 to 2/5/808) and run number 16 (4/12/39 to 5/16/89) were
statistical ly analyzed. The data are listed in Table I (run numnber 15) and
Table 2 (run number 16). The data are illustrated in Figure 1. w Inere ind ,ex
represents the sample numbers i n numerical orer

7,e stat.istical analyses were C.'. .etd f 7or . r u n numb er E5 d ata. .
number :6 data. and (3) run number 15 and run numoer 15 combined. The dtam
sets were first analyzed using the Koimogorov-Smirnov test to determine 17

the data came from a normal distribution. nhe assumption of normality was
rejected for each data set. Since the data are not normally distributed,
distribution-free techniques are more a~proporiate in determining an upper
limit. for each of the data. sets.

A one-sided nonoarametric tolerance limit was calculated for each data set.
The interpretation of a one-sided tolerance li1mi41t is :

ifasamole of n observat ions is obtained from a popuiati4on then, with
Sconficence, at l eas t P "/ o f the popul at-%ion i es bel ow, the observed

maximum value in the sample.

-;e values of v and P vary but are functions of the number of observations.
The Oservations are assumed to be a random samole. The following
statements can be made fzor the uran~ium concentration for each cata :z--



0.C. Hedengren 2139-4
Page 2
July 371, 1991

sn ec i ec These statements are derived from results on paces 3.7 and 313
of the rererence.

Data Set 1 - run number 15 - number of observations - 32
- maximum value observed - 0.0307 g/L

* With 80% confidence, at least 980. of the population lies below the
maximum value observed.

0 With 85% confidence, at least 97.5 to 98% of the population lies
below the maximum value observed.

* With 90% confidence, at least. 97.51% of the population lies be*,ow
the maximum value observed.

* With 95% confidence, at least 905 to 97-5% of the population lies
below the maximum value observed.

0 Wi th 980% confidence, at. least 957. of the population I 'es below the
-maximum val. ue observed.-

Data Set 2 - run number 16 - number of observations = 157
- maximum value observed = 0.00116 g/L.

* With 800% confidence, at least 98 to 99% of the population lies
below the maximum value observec.

* With 85% confidence, at least 93 to 9901 of the Population Iieas
below the maximum value observec.

* With 90%1' confidence, at leas'. 93 to 99% oi the Population l ies
below the maximum value observed.

* With 95% confidence, at- le a st 92''% o f t! Dp ula t ion 1 .e s b el'-ow th
maximum value observed.

*Wi th 98%, confi dence, a t least 197.5% of the population lies below
the maximum value observed.

Data Set 2 - run numbers 15 and 16 -number of- observations = 229
- maximum value observed =0.0307 g/L

*With 80% confidence, at least, 99 to 99.51% of the population lies
below the maximum value observed.

* With 857o confidence, at la ast 9 9 t o 99 ..5% of1 th e pao u Ia t ion 1e s
below the maximum value observed.

* With 90%,' conFidence, at ' east 99% of the pooulat-Ion I ies below -:7e
Mnax"MIUM Value observe1-c.
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* wth 3~ c n d e nc e at -2as: 28 tO of a t re :cuI at le
below tne mnxmnm value o . Serv e.

* 'i th 9 a% confildence, at least 98 to 9 9% oftea. ~ ainle
b elo w t&he a-ma x i-Ium v alue observed.

* With 99% con-Fidence. at least 987' ofI the pouiation lies below the
maximum value ooserved..

It is not possible to compute the probability that the maximum value i-n a
s air e i s 'less tnan the Table 11 limit of: 0.07 g/ For an aroitrary unknown
distribution (not the normal distribution). The results from -.he
nonparametric tolerance intervals given above are as close to this type of
statement that can be made. The maximum values observed from the two
historical data sets are well below the Table 11 lim-it.

Probability statements could be made if the samoles were from a norma!
oplation. However, this assumotion is not valid.

if you have any questions, please call.

LA

T. L. Welsh, Senior Statistician la esn rniplSaitca
Process Laboratories and Technology Process Laboratories and Tech.,oiogy

til w
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During the recent operating camoaign at the Uranium Oxide Plant (U03),
special e-ffort.s were made to characterize the process condensate stream.
Par-, of this effort involved investicat-ion into formation of uranium-
containing solids during the neutraliization of process condensate prior to

discharce to a crib. Extensive solid Formnation could lead to-piugg~ng of the

crib pores, shortening the useful lifetime of the crib.

The investiga-tion showed that the neutralization process used at U03 results

in precipitation of nearly all of the uranium present in the untreated fee-d.

T he total quantity of solids formed is minimal, however, and the solids are
similar in size to solids already present in the stream. No signi-ficant
decrease in the useful life of the crib is exoec:ed based on continuing the
current neutralization process.

Efforts were made to ensure that samples of neutralized and untreate-d ' rocess

condensate were taken as "matchned pairs," minimizing the variable of
differing total uranium concentrations in the streams. The samples were

visually inspected for solids. Each samole was thoroughly mixed and

aliquots removed for uranium analysis. One aliquot from eacn sample was

analyzed for uranium without further trea tme n t. The oH of the aliquots was

determined to assure that the samples were Properly identified and that the

neutralization had been performed. A second aliquct from each sample was

acidified with nitric acid prior to uranium analysis. This should solubjili7

any uranium solids and allow for determination of total uranium in the

Stream. A third, large, aliquot was filtered through a 0.45-A Ii:r ne

filtered sucernate was analyzed to detearmine soluble uranium. The Fil ter

paper was then leached with strong nitric acid. Analysis of the lea2cnate 7or

uranium allowed determina tion Of the cuantit-y of insolutle uranium in t.'e
alicuoT.. ?art-icie size distribution anaiysis was als.C ;erf:OT4ed on one stc
un tre ate-d/lneutral i zed samples.
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Examination of the as-received solutionS sIwe novsbeslisoee:

any samoles. Examination of the filter paoers. after- filterinc 200 jmL cf

solution. snowed no visible solids collected. The quantity of ' Soli ,Cs in both

untreated and neutralized solutions is very sniall. The results of the

che.mical analyses are shown in Table 1. the concentration values for the

-Filtered solids have been adjustea to represent grams per liter of initial

folutiol. The second column in Table I (P'ercent of Untreated) presents the

traction of uranium present in each stram compared to th 1nta nraC

feed uranium concentration. An initial feed concentration was derived by

averaging the uranium concentration for the untreated, as-received, and

untreated- aci di fied aliquots for each set of samples.

The results of the neutralized solution analyses are not as self -consi41stent

as the result from the untreated solutions. Truly representative

solids/liquid sampling is very difficult to achieve. it acpears tnat

aliquots taken from the neutralized solutions did not recover consistant

quantities of solids.

Par-ticle siz-e distribution analysis of the first set of samples is su.....a r Z mCr

in Table 2.

Conci usicns

The uranium in untreated U~i process condensate is oresent almost como .iete .yi

as a soluble species. Alfter neutralization, mo.st. o f the uranium :r=ec-*:.4.a

and is oresent as a sol id. -:11terinc of the neutralizecd condensate= a-"osars

to remove greater than 75% of the uranium in the stream. NeutraliZati4on c-F

tne condensate does not produce a significant quant.ity of solids.

?recipitation of all of the uranium in solution would produce less tnan

0.0001% solids by weight. No signi-ficant changes in particle size

disztributions or quantity of solids were seen between untreated and

neut ral ized. samples. Based on the samples received, no significant efet

on crib life and functioning would be expected from Continued use of the

condensate neutralization process. if start-up and shut-down conditi4,ons vary

significantly from these steady state samples, additional investigations on

samples from these times would be recommended.
I~

R. L. Weiss, Chemist
Process Chemistry Laboratories

cse

Ata ch m e nts
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TABLE 2 PARTICLE SIZE AINALY3S

Area ofi "ar",iieS 2.52
Volume ofrarzicles 4.--5

(ID C R75 15) - ~H7.14

Area of 7,,rti11eS 2.52

Volume of p~rzicies 2-

*Coun~ted over a range O f 0.5 - 150 4M


