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COMPENDIUM OF RECENT BUILDING 7503 DATA

Joel T. Shor

ABSTRACT

This report is a compendium of available temperature, pressure, radiation, and other data from
Building 7503, pertinent to the Molten Salt Reactor Experiment (MSRE) Remediation Project.
The information is divided into sections that correspond to different components, cells, or areas of
the defunct MSRE. A certain amount of data is included on groundwater monitoring wells
around the building and on stack radionuclide emissions. As far as possible, information is
provided on the methods by which the data were collected and on their interpretation. It can be
concluded from this study that no evidence exists of a spread of air or water contamination.
However, certain variations and data trends of the pressures in MSRE piping lack complete
explanations at present.
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1. INTRODUCTION

A plan view of the basement floor of Molten Salt Reactor Experiment (MSRE) building
(Bldg. 7503) is shown in Fig. 1. Figure 2 shows a schematic of some of the important piping and
several of the instrument locations. Data are available from (a) a 21-point recorder located in the
main building which connects instruments building wide, and (b) a 12-point recorder in the vent
house which connects to instruments in the charcoal bed cell (CBC). The recording points and
their designations are shown in Table 1.

The largest portion of available data pertains to the drain tank cell and its components. The
spent fuel from the last reactor operation is stored in two tanks within this cell. Fairly extensive
data are available on some parameters from the CBC. Data exist on the sump liquid level in
almost every cell of the building. The building stack contains real-time alpha and beta/gamma
monitors capable of collecting data as gas flows past the sensors. In addition, cumulative stack
data have been taken since 1992. Data in general are sporadic. For example, data for certain

years and days are missing, and some of the data are suspect in nature.

1.1. DRAIN TANK CELL

The fuel drain tank cell temperature indicated by TE-DTC-1 is recorded on element 10 of
the formerly operating 30-point Yokogawa™ recorder located in the heater control room in the
basement of Bldg. 7503. The thermocouples for this instrument are type K; these are nickel
chromium alloy—nicke! aluminum alloy that have a range from -250 to 1260°C and generally have
an accuracy of £2.2 °C.! These thermocouples are not greatly subject to neutron damage.? Data
are available from 1984 through early 1995 (except for 1991). The tanks were heated
(annealed) approximately annually until 1991, to effect the recombination of radiolyzed salt. The
months in which this operation was performed are indicated by arrows in Fig. 3.

The high points in the figure appear to follow the annual heating—provided heating was
done during the hotter months of the year. For example, in 1990 when the operation was
performed in January, there is scarcely any peak in the data, while in 1985 when the annealing was

done in June and in 1986 when it was performed in September, there are more pronounced peaks.

1
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Table 1. Recording points and their designations.

Indicator Description
1. TE-FD1-19A Salt in fuel drain tank (FDT)1
2. TE-FD1-5 FDT1 bottom
3. TE-FD1-15 FDT1 side
4. FD1-19A Saltin FD1
5. TE-FD2-5 FDT2 bottom
6. TE-FD2-15 FDT2 side
7. TE-FFT4 Fuel flush tank (FTT) bottom
8. TE-FFT-11 FFT midplane -
9. TE-FFT-7A FFT top
10. TE-DTC-1 Drain tank cell
11. PT562 Vent house piping pressure
12. LE-RC-C Reactor cell, sump level
13. LE-DTC-A . Drain tank cell, sump level
14. LE-FSC Fuel process cell, sump level
15. LE-TC Spare cell, sump level
16. LE-SC Equipment storage cell
17. LE-WTC Liquid waste cell
18. PT-GS Gas supply pressure
19. PT-RC-A Reactor cell pressure
20. None Spare
24. PT518 Vent house piping pressure before ACB
28. LS-PRS-A Pump room sump level
29. RE-S1-A Stack alpha activity
30. RE-S1-B Stack beta/gamma activity
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It is unclear why the cell temperature dropped to a low value in 1987. A comparison of cell
temperatures with average daily outdoor temperaturesprovided by the National Oceanic and
Atmospheric Administration (NOAA),> shown in Appendix A, does not seem to suggest an
apparent reason. The salt temperature data are indicated by the temperature element
TE-FD1-19A located in fuel drain tank No. 1 (FD1). The annual variation of this temperature
follows a similar pattern, as shown in Fig. 4, except for the low-temperature spike found in 1987.
The probe is located in a thermocouple bayonet (pipe with closed end) 64 in. from the top of the
bowl of the 86-in. high tank.

In Fig. S, we have the monthly temperatures plotted for several different points in FD1
during 1993. The temperature variation is representative of its behavior in other years. The
approximate positions of the thermocouples in the fuel drain tank are shown in Fig. 6. From
Fig. 5 it can be seen that the bottom-element temperature, TE-FD1-5 (measured on the side of the
bottom bowl of the tank) and the side temperature, TE-FD1-15 (measured on the side of the
cylindrical portion of the tank's exterior 72 in. from the top), follow each other very closely and in
fact, very often overlap; however, the salt temperature, FD1-19A measured inside the tank, as
shown in Fig. 3, is consistently hotter by about 4 or 5°F. This may be due to the heat produced
by the disintegration of the actinides and fission products remaining in the fuel. The heat
produced in the reactor (based on ORIGEN?2 calculations) since its shutdown 25 years ago is
shown in Fig. 7 and appears to be asymptomatically approaching 100 W.* A comparison of the
temperatures of the fuel drain tank salts can be made with that of the fuel flush tank, which is low
in fuel concentration because it contains salt that was used only to flush the system after shutdown
and was never loaded with uranium tetrafluoride. Figure 8 is a plot of the temperatures of the
tank bottom and midsection in the fuel flush tank in 1993, a representative year. It can be seen
that the temperatures fall abou't 5°F lower than the salt temi)erature data shown in Fig. 5 and
follow a similar annual cycle. The temperatures recorded by FD2 follow almost exactly those of

FD1 and are not shown.

1.2. VENT HOUSE AND CBC
The vent house and CBC cells are treated together because they are adjacent and because

available data of the two areas are closely connected. The vent house contains particle traps
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labeled PT-1 and PT-2 as shown in Fig. 2, and gas-sampling devices; the CBC contains charcoal
beds used to sorb radioactive off-gases. Between July and November 1994, the CBC was drained
of water to bring it to a level of 2 ft to reduce the risk of a criticality occurring from the sorbed
uranium hexafluoride (UF) on the charcoal trap. Temperatures along the centerline of the CBC
were recorded above and below the water levels, and limited data are available. The temperatures
at the inlet to the auxiliary charcoal bed (ACB), ACB1-1, are shown in Fig. 9 from July 1994 to
August 1995 (inclusive) along with several important events in the history of the CBC for the
year. Data are missing from November and December 1994, immediately following the
completion of cell draining. The data show an increased scatter at this point, possibly owing to
the absence of the thermal inertia of the water contained in the cell prior to that time. The
position of thermocouple ACB1-1 is shown in Fig. 10. It is at an elevation of 844 ft (above sea-
level) at the top of the column. Data are available on the pressure in the vent house piping from
gage PT518, a Foxboro™ 841 GM-AI1 pressure transducer with a stainless steel diaphragm and
a wheatstone bridge strain gage, with a calibrated range of -2.5 to +5 psig. The gage has been in
place since 1991, and recalibration has not been performed to date.’ Its reading in pounds per
square inch gage (referenced to a constant 760 mm Hg atmospheric pressure) vs time is shown in
Fig. 11, (518, psig, 1990-1995) along with important events during the past 5.5 years. Gage
PT518 indicates a slow but definite rise in pressure since early 1994, a rise tempered by seasonal
variations in temperature. Gas generation inside the piping owing to radiolysis of the fuel and
flush salts, or chemical reactions which produce additional gas are hypothesized to be possible
causes. The radiolytic gas generation hypothesis is suggested by the observation that an induction
period of approximately 4 years has elapsed since the most recent annealing of the salt. Based on
information from Green,® an approximate 5-year induction time was expected, near that observed
here. The pressure cycles secondarily with the seasons also. Figure 12 is a plot of the pressure
gage reading (PT518) on the inlet of the auxiliary charcoal bed, acquired daily during 1995. Near
the beginning of August it was observed that the pressure began a rapid decline from a maximum
of 2 psig, a decline also reflected in the readings of gage PT562 [Precision Instruments Model
4318, 0-800 torr, calibrated range (0 to 15.5 psig)] on the outlet of the ABC. The pressure
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decline is believed to be caused by to the opening (and failure to reseat) of a check valve ( not
shown on the drawing) upstream of V562C. There was an interesting “blip” in the declining
pressure which occurred on August 14 (Fig. 13), and could not be related to a comparable change
in temperature of the vent house, barometric pressure, or any particular activity in the area. The
blip remains unexplained at this time.

In March 1994, a 1-L sample of the gas in the vent house piping was taken, and valve
V518G was closed. The closing of this valve would diminish the volume of gas that would have
contacted PTS518. Later pressure testing suggested that this valve was leaking.” An analysis of
the volume of piping and the pressure which would develop under the assumption that UF; is
present in the solid phase is shown in Appendix B. Also shown in Appendix B is a graph of UF,
vapor pressure vs temperature based on data from HSC Outokompu Research.® The presence of
UF solid in equilibrium with its gas could produce dramatic rises in pressure with relatively minor
changes in temperature. It is also possible that the piping between the vent house and the drain |
tank cell became plugged with solid UF, (and other contamination) during the winter months
when portions of the line were exposed to the ambient outdoor temperatures. Pressure gage
PT562, also located in the vent house, appears to follow fairly closely the pressure of PT518, but
it reads consistently less, as can be observed in Fig. 14, for pressures measured during the first
half of 1995. Whether the absolute measurements of either gage are accurate is not known. Data
were recorded using a Bicron™ RSO-5,50,500 beta-gamma ionization chamber survey meter
through a 4-in. penetration in the CBC concrete shield plug from November 1994 until the
present.” After V562C was found to leak, it was replaced with a new valve. At the same time a
calibrated pressure transducer with an appropriate range was installed in place of the earlier
PT562. Following these activities, PT518 and the new PT562 were found to track to within 0.06
psi of each other, and after a day or two, they tended to track within 0.02 psi of each other. They
are shown normalized with respect to the initial radiation reading and with respect to time in Fig.
15. The accuracy of the survey meter, as advertised by the manufacturer, is £5%. The readings

suffered from an inconsistency in the position of the ionization detector that was used to measure
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the gamma radiation levels. In June 1995, the position of the detector was standardized to reduce
the sources of scatter in the data. It is possible that a long-term rise in the radiation readings is
occurring. If this is happening, it could indicate an ingrowth of the 2T, daughter of 22U, or a

transport of 22U to the general area.

1.3. CELL PRESSURES AND SUMP LEVELS

Data of dubious quality are available on the sump levels in the reactor cell, the fuel salt
storage cell, the equipment storage cell, the waste tank cell, and the pump room. The gages
measure in inches of water and never exceed 1 in. of water at any time. Certain gages vary
sinusoidally with the month of the year as shown in Fig. 16, which is a plot of the equipment
storage cell sump level, LE-SC, point 18, vs time in months. The variations in other gages appear
essentially random, as seen in Fig. 17, which shows the spare cell sump level, LE-TC, point 17. It
should be noted that the curve in Fig. 16 is about 180° out of phase with that of Fig. 5.

The sinusoidal variation has been attributed to the variation in the reference density of air
over the period of a year.!® The sump levels are based on a difference in pressures between two
points, one of which depends on the ventilation vécuum pressure which, in turn, varies with the
air density. The reactor and drain tank cells are not ventilated. The fuel storage cell and the
waste tank cell have consistently shown negative sump levels. This supports the hypothesis of the
- variation being related to air density because a negative water level has no physical meaning, while
it is possible that a differential pressure could become negative. The reactor cell pressure
measured by PT-RC-A, (point 21) is shown in Fig. 18 in pounds per square inch gage vs month
and follows an annual cycle similar to the drain tank temperatures in Fig. 5.

The pressure variation (in pounds per square inch), varied sinusoidally over a range of
approximately 0.5 psig during the course of 1993. The reactor and drain tank cells were pressure-

tested at S psi through the years, and their leak rate has grown slightly.!

1.4. WATER MONITORING
Figure 19 indicates the locations of groundwater monitoring wells in the vicinity of the

MSRE building in Melton Valley. The data are shown for well 1089 (Fig. 20), located upgradient
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of the MSRE building; wells 1092 and 1093 (Fig. 21) which are nearest and downgradient, from
the MSRE building; and well 1151 (Fig. 22), located further downgradient from the MSRE
building. Figure 23 shows gross beta readings from well 1151. Well 1092 is 87 ft deep, 4 in. in
diameter, with a screen which rises to a 79 ft depth. Well 1093 is 48 ft deep, 2 in. in diameter,
with a screen which rises to a 28 ft depth. Both contain gas displacement and bladder pumps to
take samples. Well 1151, constructed in 1989, is at an elevation of 807 ft (above sea level) and is
20.3 ft deep, 2.1 in. in diameter, with a screen which rises to a 4 ft depth. Well 1089 is at an
elevation of 855 ft and is 2.1 in. in diameter. Well 1092 is at an elevation of 855 ft and is 2.1 in.
in diameter. Well 1093 is at an elevation of 840 ft and 2.1 in. in diameter.

Data are shown on the gross alpha and (as indicated) beta contamination found during
approximately annual samplings performed since 1991." Radionuclide water contamination data
are sketchy, and most values scarcely fall within the uncertainty in the measurement. Where more
than one ordinate value is available, the higher indicates a sample that was not filtered for
particulate. For reference, a background residential well sample taken in 1992 from the Oak
Ridge residential area contained an average of about 0.08 Bq/L of gross alpha contamination.’
Although there exist wells with closed and screened casings, the data presented pertain only to
wells with screened casings. The general conclusion is that there is no evidence of groundwater
alpha contamination escaping from the MSRE during this time period. Activity levels are scarcely

above reference background levels.

1.5. AIR MONITORING

The MSRE stack contains continuous gamma- beta and separate alpha monitors mounted at
a 40 ft height which detect gross amounts of contamination flowing in the stacks. Their outputs
are connected to the ORNL Emergency Operations Center. Data are shown for alpha and a
combination of beta-gamma during 1992; data of 1993 alpha activity are comparable. More
detailed data are available from filters on which isokinetic samples are taken continuously on the

emission of a number of isotopes. The filter paper is replaced every 2 weeks, and the composited



ORNL DWG 983-1-226

Lagoon Rd.

Meiton Valley Dr.

——

MSRE

——— HFIR Area

9z




Ba/l

0.25 |
W

0.2

A unfiltered
0.15 /

0.1 *
<

7

ORNL DWG 96-3490

background reading, residential well, taken in 1992

1985

0.05 ——
filtered
0 1 t } — } t t |
1991 1991.5 1992 19925 1993 1993.5 1994 1994.5
Year: )

Fig. 20. Well 1089, gross alpha.

Lz



ORNL DWG 96-3491

025

02

0.1

0.1

0.05

Apr-92 Jul-92 Oct-92 Jan-93 May83 - Ay Nov-93 Mar-94 Jun-94 Sep-94 Jan-95

Fig. 21. Gross alpha contamination vs year.

* Well 1092
u Wel 1093

8¢

|



Gross Alpha, Ba/L. Fiitered and Unfiltered

0.16 ‘{
0.14 |
0.12 -

0.08
0.06 |
0.04 -

0.02

ORNL DWG 96-3492

1991

1992

Fig. 22.

T 4

1993 1994
Years from 1991

Well 1151, gross alpha.

1995

6C



Gross Beata, Bq/L, Filtered and Unfiitered

200 T
180 }
160 }
140 |
120
100 }
8o |
60 |
40 |

20

ORNL DWG 96-3493

0t

1991

1992

1993 1994 1995
Year

Fig. 23. Well 1151, gross beta.

i ) , | .



31

filters are analyzed quarterly. The stack gas flowrate is approximately 10,500 scfm.'* The results
for 1994 represent extrapolations since data were not collected continuously during that period.
U.S. Environmental Protection Agency (EPA) Method 1 was used to locate the sampling point,
Method 2 to determine the velocity profile within the stack , and Method 3 to determine the gas
content. The American National Standards Institute, Inc., (ANSI) Standard N13.1-1969, Guide
to Airborne Sampling, and Standard N42.18, Specification for the Continuous Monitoring of and
Performance of Onsite Instrumentation, were followed. The data are plotted in Fig. 24, but they
are too sparse at present from which to draw conclusions. The data from 1994 are available only
for the first and fourth quarters since historically this stack has shown low emissions and was not
sampled continuously. Data for 1995 are incomplete and the reported data do not include the
results of radionuclide analysis of particulate matter which may have collected in the stack gas
probes. All data are based on the material collected in filters which are removed every 2 weeks
from the stack and analyzed for gamma emitting nuclides. The filters are then combined and

analyzed radiochemically for alpha/beta emitting nuclides quarterly.

1.6. AIRBORNE SURVEY »

Figures 25 and 26 display contour maps of man-made gross count rates from 1987 and
1992, of the Oak Ridge Reservation and the X-10 site, respectively, taken from EG&G/EM
Remote Sensing Laboratory, reports EGG-10617-1223 and 1123, An Aerial Radiological

Survey of the Oak Ridge Reservation.”® The measurements were made using a Nal(Tl) gamma
ray detector mounted on a helicopter. These count rates are adjusted to reflect radioactivity from
man-made isotopes only and therefore to correct for variations in natural background activity
from minerals. The data has an accuracy of +15%. It will be observed that the areas near the
MSRE site (not shown to the same scale in the two maps) are within the contours A and B.
These contours refer to gross counts per second in the range of less than 1000 and between 1000
and 3200, respectively, and are among the lesser contaminated areas of the reservation in both

cases.

1.7. GAS SAMPLING OF PROCESS PIPING
Gas sampling and analysis of the process piping were initiated in March 1994 to gain a
perspective on the growing radiation readings in parts of Bldg. 7503. The sampling point chosen
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was located in the vent house because of a comparatively low radiation field, designated sampling
point A. It is shown in Fig. 2. Valve HVC533 was opened prior to the sampling and closed
afterwards. Two 1-L gas samples were pulled, the second after vacuum pumping the system of
20 L of gas to analyze the material from a slightly different part of the piping. The line purged
quickly (within 5 min) so that only a small volume was evacuated.!” [A plug, or blank, may exist
in line 571, please refer to the drawing in Fig. 2]. The results are shown in Table 2:

Table 2. Results of gas sampling,

UF, ° 70 mm Hg (0.8 g/L) 68 mm Hg (0.8 g/L)
HF 1200 ppm 1000 ppm

Mok, 10 mm Hg 10 mm Hg

CF, 5 mm Hg 5 mm Hg

F, b 350 mm Hg

He, Ar, N,, O, 305 mm Hg © 305 mm Hg °

@ UFg vapor pressure at this temperature 79 mm Hg,
> Not determined analytically but assumed the same as second sample.
° Determined by difference from total sample pressure.

A Vacuum Technology Incorporated (VTI) Instrument, quadrupole mass analyzer with a gold
blinker, leak-sample inlet system was used to qualitatively detect gases such as He, N,, and F,.
An IR spectrometer was used to identify and quantify the UF,, MoF,,CF,, HF, and some trace

components.






2. CONCLUSION

No evidence could be found of the escape of significant contamination from the MSRE in
airborne or waterborne emissions data. Water monitoring wells near the MSRE site have shown
activity levels lower than those other nearby wells at ORNL. Data on the pressure in piping
which were originally connected to the fuel drain tanks indicate that a gradual rise in pressure
occurred from February until early August 1995. This pressure appears to have reached a peak of
2 psig in August 1995 as compared to 1 psig in October 1994 and O psig in previous years. After
August 1994, a comparatively rapid decline took place, possibly because of the spontaneous
opening of a check valve set. No stack activity increase was detected in association with this
pressure loss. Drain tank cell temperature data have not deviated more than about 10°F from
their mean since the tank annealing was discontinued in 1989. The fuel drain tank temperatures
vary sinusoidally in an annual cycle, with a slight phase lag from the warmest months. The salt
temperatures within the tank are higher than the temperatures measured at the outside of the
tanks. This difference is very likely due to radioactive decay heat. The charcoal bed cell
temperature peaked at a temperature of 90°F in August 1995, approximately 5° higher than the
previous year, at which time the CBC was full of water and less subject to atmospheric thermal
changes. The CBC radiation readings appear to be fairly consistent now that the CBC is empty of
water. The pressure rise in the piping could be explained if the volume of piping exposed to the
pressure gage had become reduced since 1994, owing to‘ developing plugs in the lines which have
been found to contain condensible UF ; however, this is only a hypothesis at present. The
pressure gage PT562 readings follows PT518's readings closely, providing confidence in the
trending data, and the differences between the two absolute pressure values have been resolved
following recalibration. The CBC radiation reading appears to be quite consistent now that the
CBC is empty of water. All sumps appear to be dry or to have very low levels of water. In
general, continued close scrutiny of the data trends appears to be warranted, especially with

respect to understanding the mechanisms of the pressure rises in 1994 and 1995.
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Appendix A.

MISCELLANEOUS ATMOSPHERIC DATA
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Appendix B.

DRAIN TANK CELL PRESSURE
AND TEMPERATURE COMPUTATIONS
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internal Correspondence

7

MARTIN MARIETTA ENERGY SYSTEMS, INC.

Date: March 15, 1995

To: J. Rushton

c: J. A. Klein, B. Patton, S. P. N. Singh,

From: 1. T. Shor, 105MIT, MS-6495, 6-5315 (RC)

Subject: MSRE Drain Tank Cell Temperatures and Pressures Measured at PT518

Pressure Transmitter in Vent House.

PTS518 measures the pressure of gas in piping which originates at the 3 MSRE fuel storage tanks located
in the drain tank cell, passes through the reactor cell, and terminates in the vent house. This note attempts
to correlate the temperature of this piping with the measured gas pressure and the volatility of UF, in the
line.

Assumptions (general):
1. Volume of gas in piping is fixed at 223 liters.

2. Vent house temperanrre variations are similar to those of drain tank cell where extensive

data are available.
3. All gases are ideal.
4. Only UF, gas is condensible.

Observations:

L. 1994 pressures of PT518 vary between =0.9 and -0.45 psig (monthly averages),
between January and August, or 14.3 psia to 15.65 psia Ap = 1.35 psi.

2. Drain tank cell temperatures vary sinusoidally, consistently, and with a period of year.

3 Temperature (AT) variation is between 10° and 14 °F typically.

Analysns (assume further):
Low temperature in pxpmg is 64°F or 290.8K.
High temperature in piping is 76°F or 297.4K.
2. Some solid UF, is always present in the system and the partial pressure of gaseous UF
is represented by the equilibrium vapor pressure of UF at the applicable temperature.
3. UF vapor pressure at 290.8K = 0.0882 atm, 1.3 psi.
UF, vapor pressure at 297.4K = 0.1390 atm, 2.0 psi.
UF, vapor pressure at 299.0K = 2.25 psi.
UF, vapor pressure at 300.0K =24 psi.
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J. Rushton
Page 2.
March 15, 1995
Accordingly:
At 290.8K, non-condensible gas partial pressure.
Piy. = 143-13 = 13 psia, where Piy. = partial pressure of noncondensibles.
PV (13)(223)
N = _— = , where N = mumber of .
Ne RT (0.0821) (290.8) 14.7 of moles

8.26 moles of noncondensible gas
Since Piy, = 1.3 psi (its vapor pressure), we have 0.826 moles of UF, gas

Pigys =13 psi
At2974K

Ny is unchanged at 8.26 moles since V is unchanged
Nuyrs bowever is 1.27 moles now owing to additional volatilization

New =9.53 moles
. NRT 9.53) R 297.4
This implies a Py, = v ( )223
=15.3 psia

Thus, the calculated Ap is equal to 1 psi while the measured Ap is equal to 1.3 psi.
Consider the situation at 299K, about 1.5°K higher
Piyps=2.4 psior 0.163 atm

Nys =148
Nrora - 9.74

This implies Py, = 15.76 psia using the same approach which is 0.11 psi greater than that actually
measured. Therefore, an error in temperature measurement of less than 1.5°K, well within the uncertainty
of this analysis, could account for the Ap recorded.

Source of UF vapor pressure data HSC OutoKompu (BKK 1977)



J. Rushton
Page 3.
March 15, 1995

If no UF, is present (i.e. all gas was noncondensible) it would require a temperature rise of ~27°C to
account for the rise in pressure observed.

A scatter plot of PT518 pressure vs average monthly temperature in the drain tank cell has an R? of 0.86,
see artached figure,

¢ ¢l
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Attachment
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