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EXECUTIVE SUMMARY 

Currently, 39 underground tanks that were previously used for storage of low-level liquid 
waste (LLLW) at Oak Ridge National Laboratory (ORNL) have been removed from service 
and are designated as inactive. Some of these tanks contain liquids and/or sludge, while others 
are empty. These tanks are either undergoing remediation or are scheduled for future 
remediation by the Environmental Restoration Program. However, the liquid level in the 
tanks is monitored by the Waste Management and Remedial Action Division for leak 
detection and for liquid inventory measurement prior to remediation of the tanks. The type 
and accuracy of the existing liquid level instruments in the inactive tanks vary widely. Some 
tanks contain modem level instruments that transmit signals to the Waste Operations Control 
Center, while other tanks have antiquated or no level instrumentation. There are no current 
Environmental Protection Agency or state level-measurement or leak-detection regulations 
applicable to these tanks. Vista Research, Inc., has proposed that the active tanks meet the 
regulations for underground storage tanks containing petroleum and hazardous liquids. 

The objectives of this study were to (1) determine the requirements for inventory 
monitoring of inactive LLLW tanks at ORNL, (2) evaluate the existing inventory of 
monitoring instruments and determine whether the current requirements for monitoring and 
leak detection are being met, and (3) recommend improvements or upgrades of the level 
instruments where needed. The instrumentation was evaluated on the basis of its accuracy, 
preVious experience with the instrumentation, and any other available evaluation data. 

Instruments in the 39 inactive tanks were evaluated for their effectiveness in monitoring 
the liquid inventory. Level instrumentation for 12 of the tanks was considered satisfactory for 
monitoring liquid inventory and potential leakage. A list of options was provided for 
monitoring 12· tapk:s that are either currently empty or scheduled to be emptied during 
FY 1992 or 1993. Recommendations were also provided for the Group 5 tanks. Instrument 
upgrades were determined to be needed for the remaining eight tanks. 

The study examined the capabilities and limitations of the level-monitoring instruments 
in use at ORNL and other sites for appropriateness for the tanks requiring upgrades. 
Technologies ranged from simple, classic devices to emerging state-of-the-art equipment. . 
Because of their satisfactory performance in similar tanks at ORNL, the Foxboro· 823DP and 

the RobertshaW' Model 185 were recommended. For tanks with capacities of less than 

3000 gal, the Foxboro. instrument, when used in conjunction with a resistance temperature 
device to correct the instrument bias due to ambient temperature changes, haS been shown 
by Vista Research, Inc., to meet the stringent leak detection requirements for active ORNL 
LLLW tanks. When the RobertshaWi Model 185 is installed, the temperature of the tank 
contents should be monitOred and the tank volume should be compensated accordingly . 
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1. INTRODUCTION 

Currently, 39 underground tanks (see Table 1) that were previously used for storage of 
liquid low-level waste (LLLW) at the Oak Ridge National Laboratory (ORNL) have been 
removed from service and are designated as inactive tanks. Some of these tanks contain 
liquids and/or sludge while others are empty. These tanks are managed by the Environmental 
Restoration (ER) Program, and they are either undergoing remediation or are scheduled for 
future remediation. 

The ER Program has divided these tanks into five groups for management purposes. The 
contents of the tanks in Groups 1 through 4 have been characterized, and characterization 
of the Group 5 tanks is underway. The. tanks associated with each group are identified in 
Table 1, and the general definitions of the groups are as follows: 

• Group I-Tanks located in the South Tank Farm, 
• Group 2-Tanks located at the Old Hydrofracture Facility, 
• Group 3-Tanks loCated in the North Tank Farm, 
• Group 4-Miscellaneous assortment of characterized tanks, and 
• Group 5-Miscellaneous assortment of uncharacterized tanks. 

The liquid levels in the tanks are monitored by the Waste Management and Remedial 
Action Division for leak detection and for liquid inventory measurement prior to remediation. 
The type and accuracy of the existing liquid-level instruments in the inactive tanks vary widely. 
Some tanks contain modem level instruments that transmit signals to the Waste Operations 
Control Center (WOCC), while other tanks have antiquated or no level instrumentation. The 
size and construction of the tanks also vary from small tanks (30 gal) constructed of stainless 
steel to large (170,000 gal) Gunite tanks. All the tanks have single sheli.s; however, some 
tanks are located in concrete enclosures. 

The objectives of this study were to (1) determine the requirements for level monitoring 
of inactive tanks at ORNL, (2) evaluate the existing level-monitoring instruments and 
determine whether the current requirements for monitoring and leak detection are being met, 
and (3) recommend improvements or upgrade of the level instruments where needed. The 
instrumentation was evaluated on the basis of its accuracy, previous experience with the 
instrumentation, and any available evaluation data. 

There are no current U.S. Environmental Protection Agency (EPA) or state 
level-measurement or leak-detection regulations that are applicable to ORNL's LLL W tanks. 
A Federal Facility Agreement (FFA) has been negotiated for the management and 
remediation of ORNL's active and inactiVe LLL W tanks, but no specific requirements were 
outlined for level measurement or leak detection. Vista Research, Inc., (Vista) has been 
contracted by Martin Marietta Energy Systems, Inc., to develop and implement plans to 
conduct leak testing of the active LLLW tanks at ORNL,to meet FFA requirements. This 
study used Vista's research and recommendations for active tanks instrumentation in 
developing recommendations for the inactive tanks since the tank systems are similar. 

1 



2 

:" 
Table 1. Level detection status of liquid low-level waste tanks belonging to the Oak. Ridge 

National laboratory Environmental Restoration Program 

ERGroup Tank Location Level detection 
i/t 

W-5 South Tank Farm New Robertshawfl Inven-Tel. 185 
W-6 South Tank Farm New Robertshawfl Inven-Tel. 185 
W-7 South Tank Farm New Robertshawfl Inven-Tel- 185 

1 W-8 South Tank Farm New Robertshawe Inven-Tel8 185 
W-9 South Tank Farm New Robertshawe Inven-Tel. 185 
W-IO South Tank Farm New Robertshawe Inven-Tel. 185 
W-ll SE of South Tank Farm Float and Staff Gauge 

T-l Old Hydrofracture Facility Foxbor08 Model 13A 
T-2 Old Hydrofracture Facility Foxboro. Model 13A 

2 T-3 Old Hydrofracture Facility Foxboro. Model 13A 
T-4 Old Hydrofracture Facility Foxboro. Model 13A 
T-9 Old ~ydrofracture Facility Foxboro. Model 13A 

TH-I South of Bldg. 3503 No instrumentation 
TH-2 South of Bldg. 3503 No instrumentation 
TH-3 South of Bldg. 3503 No instrumentation 
TH-4 South of Bldg. 3038 New Robertshawfl Inven-Tel. 185 

i~ we-l- East of Bldg. 3038 No instrumentation 
we-15 South of Bldg. 3587 New Robertshawfl Inven-Tel. 185 
We-17 South of Bldg. 3587 New Foxborol$ 823 

3 W-I North Tank Farm New Robertshawfl Inven-Tel. 185 
;. 

W-IA North Tank Farm New Foxborol$ 823 
W-2 North Tank Farm New Robertshawfl Inven-Tel. 185 
W-3 North Tank Farm Float and staff gauge 
W-4 North Tank Farm Float and staff gauge (broken) 
W-13 North Tank Farm Float and staff gauge 
W-14 North Tank Farm Float and staff gauge 
W-15 North Tank Farm Float and staff gauge 

7560 East of Bldg. 7500 No instrumentation 
7562 Southeast of Bldg. 7500 No instrumentation 

4 T-30 South of Bldg. 4507 No instrumentation 
W-19 South of South Tank Farm No instrumentation 
W-20 South of South Tank Farm No instrumentation 

3OO1-B South of Bldg. 3001 No instrumentation 
3OO3-A South of Bldg. 3003 No instrumentation 

5 3004-B East of Bldg. 3008 No instrumentation 
3013 Southwest of Bldg. 3008 No 'instrumentation 
H-209 Southwest of Bldg. 3517 No instrumentation 
7503-A Inside Bldg. 7503 No instrumentation 1'!> 

3001-Sa Unknown No instrumentation 

aTank may not exist. ,j,r 
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Although the FFA does not require that the active LLL W tanks meet the EPA 
regulations for underground storage tanks (USTs) containing petroleum and hazardous 
liquids, these regulations were proposed as the basis for the leak-testing program for the 
active waste tanks at ORNL.1 The petroleum and hazardous liquids regulations (40 CPR 280 
and 40 CFR 264, Sub-part J, respectively) require the system to detect a leak rate of 0.2 gal/h 
for monthly testing or 0.1 gal/h for annual testing with a detection probability of 95% and a 
false alarm probability of 5% or less. However, because of problems with inleakage, 
temperature variation, and accuracy of available level instruments, it is very difficult to 
measure the outleakage rate accurately with conventional level instruments alone, especially 
in larger tanks. 

The requirements for level monitoring in inactive tanks that are empty are less well 
defined than for tanks containing liquids. The primary need for monitoring empty tanks is the 
detection of inleakage. The probability of inleakage is dependent on such factors as the 
material of which a tank is constructed (Gunite vs stainless steel) and whether all lines into 
the tank are blocked. Options for level measurement in tanks that have been emptied are 
discussed in Sect. 4.2. ' ' 

Two types of level instruments have been used recently for upgrading or installation of 
new level instruments in waste tanks at the ORNL. These are the FoxboroGD 823DP 

transmitter and the Robertshaw4D Model 185 Inven-TelGD precision level gauge. The important 

difference between these two instruments is that the FoxboroGD instrument is a mass­

measuring instrument, and the RobertshaW- instrument is a level-measuring instrument. The 

Foxboro. instrument has an advantage since it is not affected by temperature variations of 

the contents. The RobertshaW- instrument would be affected by the temperature variations 
of the contents because the thermal, expansions would cause the liquid level to change. 
However, the change in liquid level due to temperature variation can be easily determined, 
and the measured volume of the contents can be compensated to account for the change. 

Previous use of differential pressure (DP) cells have shown that they are sensitive to 
ambient temperature conditions, and FoxboroGD has responded by providing some temperature 
compensation in the Model 823DP. However, te$ting performed by Vista indicated that the 
ambient temperature of the transmitter should be carefully monitored, and the output data 
should be compensated accordingly. Alternatively, the transmitters could be mounted in a 
temperature-controlled enclosure so that the output data would not need to be compensated. 
There has been insufficient testing to determine whether the RobertshaW- Model 185 is 
affected by ambient temperature variations. 

The Foxboro· 823DP was recently ev8luated by Vista and determined to meet the 
petroleum and hazardous liquids requirement for leak detection in tanks having a volume of 
less than 3000 gal. However, when installing the Foxboro. 823DP, Vista recommended that 
a resistance temperature device (RID) should be attached to the transmitter and wired out 
to the data concentrator. Vista recommends the RID because it provides the opportunity to 
vastly improve the accuracy and precision of· the DP cell when the influence coefficient 
compensation is used.1 Because a leak rate of 0.2 gal/h is more difficult to detect in larger 
tanks, Vista is performing additional studies, and recommendations concerning the 
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Foxboro. 823DP have not been made for larger tanks. In addition to developing plans and 
methods for leak detection in active waste tanks, Vista is also testing and evaluating other 
level instruments that also may meet the requirements given above. The work by Vista does 
not include plans or methods for level- or leak-rate testing in inactive t.aDk:s, but its work with 
the active tanks should be applicable to the inactive tanks also. 

Vista's evaluation involved both vertical and horizontal tanks using tap water to simulate 
the liquid waste product in the ORNL tanks. EPA's performance standard requires that a 
monthly monitoring method detect a leak of 0.2 gal/h with a detection probability of 95% or 
greater and a false alarm probability of 5% or less. Vista's results showed that the leak 
detection method (named ORNULT-823DP) will detect a 0.2 gal/h leak with a single-test 
probability of detection that is > 99.5% and a single-test probability of false alarm that is 
< 0.5%. The evaluation also indicated that correction for temperature change in the liquid 
in the tank is not required. Thus, the performance of the ORNULT-823DP method meets 
the federal standards. l 
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2 LEVEL INSTRUMENTS CURRENTLY RECOMMENDED 
FOR USE IN ACI1VE WASTE TANKS 

Essentially all of the active waste tanks have either the FoxboroGD 8230P or the 

RobertshawGD Model 185 level instruments. installed or scheduled for future installation 

according to communications with Waste Management personnel. FoxboroGD 8230P 
transmitters are currently used for inactive tanks W-1A and We-17. These two transmitters 
are discussed below in more detail. 

FoxboroGD Model 8230P Transmitter-The Model 8230P is the most recent OP 
transmitter introduced by FoxboroGD. FoxboroClPs performance specifications for accuracy are 
±0.20% of calibrated span for the conventional transmitter (Model 8230P). ±0.10% of 
calibrated span for intelligent transmitters with rnA output (Model 8230P-O). or ±0.07% of 
calibrated span for intelligent transmitters with digital output. The transmitter is compensated 
to correct for changes in temperature at the transmitter; however, Vista has recommended 
an additional temperature compensation that more accurately compensates the level output 
data for ambient temperature changes occurring on the body of the OP ~ll. The FoxboroGD 

Model 8230P is the transmitter recommended for the leak-detection method that has been 
developed by Vista for the LLL W tanks with < 3,OOO-gal capacity at ORNL.t The FoxboroGD 
8230P has been previously purchased for approximately $1200. but it should be noted that 
this cost is only for the transmitter and does not include the cost of adding an auxiliary 
temperature device as recommended by Vista. The principle of operation for differential 
pressure transmitters is described in Sect. 3.1. 

Older model FoxboroGD OP transmitters (i.e., model 13A) are used for monitoring the 
liquid level in the tanks at the Old Hydrofracture Facility. The manufacturer reports an 
accuracy of 0.5% of calibrated span. This model is not temperature compensated, and 
experience has shown that it is sensitive to ambient temperature changes. 

RobertshawGD Model 185 Inven-TeI'I Precision Level Gauge-The RobertshawGD Model 

185 Inven-TelGD precision level gauge . uses the tape and sensor type system. It is a 
microprocessor-based, stepper-motor-driven unit with measuring ranges up to 120 ft. It 
provides measurement resolution of 0.001 ft with an accuracy and repeatability of 0.005 ft/100 
ft. Various types of level sensors are available to allow the user to match the instrument to 
the application. The sensors include conductivity, float/conductivity, extended float. and 
proximity. The Model 185 operates by precisely measuring the movement of the tape that 
connects the sensor to the gauge. It requires a 2-in~-diam direct opening into the tank for 
installation. The tape is stored on a reel located in the reel housing. The motion of the reel 
is controlled by a stepper motor, and the tape movement is monitored with an optical shaft 
encoder. This device physically measures the level of liquid in the tank, so the accuracy is the 
same regardless of the measuring distance. This unit is not subject to the percent of span 
limitations of devices such as ultrasonic or radio-frequency capacitance.2 The RobertshaW» 

Model 185 Inven-TelGD precision gauge is currently being evaluated by Vista. However, based 
on operating experience by ORNL Waste Management and the Instrumentation & Controls 
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. Division, RobertshawGD Model 185 level gauges are· used in some of the active and inactive 
waste tanks. The base cost of this unit starts at approximately $4500, but the units presently 
installed by Bechtel with the desired options cost approximately $8200. 

The RobertshawGD Model 185 level gauge has the advantage of good accuracy without 

requiring an air supply. The RobertshawGD level instrument does not compensate for expansion 
of liquid in the tank due to temperature changes as the DP transmitter does. According to 
Waste Management perSonnel, an older version of the instrument, manufactured by Food 
Industries Corporation (FIC), provided good service in ORNL waste tanks for many years. 
FIC level instruments have also been used in approximately 178 waste tanks at Hanford 
Hanford personnel have reported difficulties with the FIC gauge because of crystal growth 
on the sensor and maintenance problems due to motor failure. In tanks that have a solid 
crust, the sensor sometimes creates a hole in the crust and gives a false reading. 

Based on the satisfactory use in both active and inactive tanks and the evaluation of the 
Foxboro~ 823DP transmitter by Vista, both the Foxboro~ 823DP transmitter and the 

RobertshawGD Model 185 Inven-Tel~ precision gauge are recommended for use in inactive 
tanks when a level instrumentation upgrade is required. These two instruments are considered 
adequate to cover the needs for level instruments in the inactive tanks that need an upgrade 
or new level instruments. Both instruments have an output that is suitable for a local digital 
display or transmission to the WOCc. 

!I 

Iii 

,. 

,. 

'!! 

.. 



~ 

.. 

~ 

.. ' 

.'1( 

..: 

7 

3. CURRENT LEVEL MEASUREMENT TECHNOLOGIES 

There are several types of liquid level measuring instruments currently in use at ORNL 
or other Department of Energy facilities. Each type differs in accuracy and precision as well . 
as appropriate application. The available instrument types include, but are not limited to, OP 
transmitters, staff gauges, conductivity probes, tapes and sensors, microwaves, 
magnetostrictions, and ultrasonics. An ORNL Waste Management representative has reported 
unsatisfactory experience with ultrasonic level-measuring transmitters due to calibration 
problems, so these devices were not considered in our analysis for upgrading instruments. The 
other types of instruments are briefly described below. 

3.1 DP 1RANSMI1"J'ERS 

DP transmitters have been used for many years. These instruments use bubble tubes for 
measuring hydrostatic pressure, as shown in the simple drawing in Fig. 1. Two tubes, which 
are connected to the OP transmitter and an air supply, are inserted into the tank. One tube 
is partly immersed in the liquid so that it is a fixed distance from the bottom of the tank. The 
other tube is inserted into the tank so that it never contacts the liquid. An equivalent amount 
of air is introduced through each tube. The pressure of the air supply overcomes the 
hydrostatic head on the submerged tube due to the depth of liquid in the tank. The excess 
pressure appears as small bubbles coming out of the bottom of the tube. The back pressure 
in the submerged tube is proportional to the pressure on the bottom of the tube due to the 
level of liquid in the tank. Any change in the back pressure is due to a change in the liquid 
level. The difference in pressure measured between these two probes is a measure of the 
liquid level in the tank. 3 It is necessary to know the density of the liquid to determine the 
actual volume when using the OP instrument. If desired, a second OP transmitter and a third 
bubble tube can be installed to measure the density and. the liquid level simultaneously. 
However, one advantage of the DP transmitter is that it measures mass rather than level; and 
with vertical tanks (and usually horizontal tanks), little or no correction is required for 
temperature changes in the fluid This advantage exists because the increase in height due to 
expansion is exactly offset by the decrease in density. 

DP transmitters also have the advantages of having no moving parts and proven reliability 
in many applications. However, this type of instrument is not good for operation in sludge and 
solids, because the dip tube may plug by solids deposition (due to evaporation). This 
measurement system also requires an air supply and a tank vent. 

3..2 . STAFF GAUGE 

The staff gauge is simply a rod connected to a float in the tank, as illustrated in Fig. 2. 
As the liquid level changes, the float and rod respond so that changes in the liquid level are 
determined from the distance the rod moves from the previous readings. The advantage of 
the staff gauge is that it is relatively inexpensive to install.·The disadvantages include (1) the 
gauge can only provide a local reading, (2) the gauges in use in the inactive tanks at ORNL 
can only be read to ± 0.25 in. accuracy, (3) the design of the staff and float gauge does not 
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permit a seal to the atmosphere to prevent some rain water from entering the tank, and 
(4) misinterpretation due to differences between level determinations by operators (parallax) 
is possible. 

33 CONDUCTnnTYPROBE 

The conductivity probe is a simple device that indicates whether liquid is contacting the 
probe. It does not provide any information about the quantity of liquid in the tank: except at 
the detection point on the probe. The advantages of this probe are that it is inexpensive and 
relatively easy to install. This type of probe is often used to. detect high levels in many of the 
active tanks at ORNL. For monitoring an empty tank, the probe would be installed near the 
bottom of the tank:. When liquid contacted the probe, a signal would notify operators of 
potential leakage into the tank:. However, this probe may not work with tanks that contain 
organic liquids. 

3.4 MICROWAVE lEVEL INS'IRUMENT 

Hanford has recently been testing a microwave (radar) level detector. A simple drawing 
depicting how the unit operates appears as Fig. 3. One instrument has been installed in a 
waste tank: at Hanford, and other tanks may be changed from the FIe instruments to the 
microwave-type unit. An Enraf-Nonius microwave unit was installed at Hanford. This unit was 
made in the Netherlands and cOst S25,OOO.1t operates in the 10 GHz range, sweeps between 
9.5 and 10.5 GHz, and fits an 8-in.-diam port. One advantage for this instrument is that it 
does not have any moving parts. It gives the level over an average area if the surface is not 
flat. The instrument may have operational problems with a dry crust because of penetration 
of the microwaves below the surface. The instrument operates best with liquids, and it is used 
primarily in the gasoline industry. There were also some problems that resulted because of 
reflection and standing waves when the instrument was installed in a riser. Hanford personnel 
revised the software to take care of the riser configuration. 

An American company recently started manufacturing a similar microwave level 
instrument that sells for about $8,000 and fits in a 4-in.-diam port. The instrument is a 
CannonBear manufactured by 1N Technologies in Roundrock, Texas (near Austin). Hanford 
is interested in investigating the usefulness of this instrument because of the cost savings. The 
instrument is reported to have an accuracy of ± 0.5% of range, repeatability of 0.125 in., 
temperature range of -30 to 70 oe, and an output signal of 4 to 20 rnA The CannonBear unit 
is preprogrammed to operate in a riser or standpipe above the tank:. 

3.5 MAGNFfOS'IRICllON lEVEL INS'IRUMENT 

A level instruJ;llent based on the principle of magnetostriction is currently being evaluated 
by Vista for level measurement in the active waste tanks at ORNL. These gauges have just 
one moving part-a float. A simple drawing that illustrates the operation of this instrument 
appears as Fig. 4. Some manufacturers (e.g., MTS<iD and Magnetek) claim these instruments 
provide a resolution of 0.001 in. with repeatability to 0.001 % of scale. Gauges are available 
with 4-20 rnA output. 
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The level-measuring instrument consists of a probe in which a special magnetostrictive 
wire is strung under tension from the upper housing to the bottom fitting and an insulated 
return wire completes the circuit to the upper housing. A voltage spike is applied to a 
piezoelectric crystal inside the upper housing that initiates a torsional pulse of vibration in the 
magnetostrictive wire. The VIbration pulse travels down the wire at a constant rate of speed, 
unaffected by temperature variations. A float with concentric magnets mounted in the housing 
slides on the outside of the probe. The position of the float responds to the liquid level in 
the tank. The magnetic field from the float interacts with the vibration moving down the wire 
and causes a voltage to occur at that point in the wire. The electronics in the upper housing 
sense the voltage spike. The time difference between the initial pulse and the return pulse 
is proportional to the distance between the upper housing and the float and, thus, determines 
the liquid level in the tank. The physical properties of the float are the limiting factor and the 
major consideration of the overall system resolution and accuracy. 
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4. DESCRIPTION AND RECOMMENDATION FOR LEVEL 
INSTRUMENTS IN TIlE INACTIVE TANKS 

A list of the inactive tanks, their general locations, and the status of the liquid level 
measuring systems appears as Table 1. Drawings of most of the inactive tanks are included 
in the appendix. 

New level instruments have recently been installed or the existing instruments have been 
upgraded for 12 of the inactive tanks. The instrumentation on these tanks is now considered 
adequate. In addition, three tanks are known to be empty, and nine tanks are scheduled to 
be emptied within the next 2 y. Instrumentation or a method for detection of inleakage is 
needed for these empty tanks. The condition of seven tanks in ER Group S is not well 
known, but a characterization study, which is separate from this study, is undelWay. 

Three inactive tanks containing liquid now have staff gauges, and five tanks use old 
model Foxboro~ DP transmitters for level measurement. 'Upgrade of the level instruments 
in these eight tanks with either the Foxboro® Model 823DP transmitter or the RobertshaW' 

Model 185 Inven-Tel~ precision level gauge is recommended. A detailed description of the 
tanks and recommendations for level instrumentation is outlined in Sects. 4.1-4.3.4. 

4.1 INACIlVE TANKS WITH ADEQUATE IEVEL INS'lRUMENTA1l0N 

~e tanks have been grouped into three categories for discussion: (1) tanks with 
adequate level instrumentation installed, (2) tanks that are empty or scheduled for near-term 
emptying, and (3) tanks recommended for level instrumentation upgrades. 

4.1.1 Tanks from Environmental Restoration Group 1 

ER Group 1 Tanks W-S, W-6, W-7, W-8, W-9, and W-10 are 170,000 gal Gunite tanks . . 

that recently had their liquid level instrumentation upgraded with the RobertshaW5 

Inven-Tel~l8S transmitter. Initially, some difficulty was experienced with grounding in the 
Gunite tanks; however, this problem has been solved and the instruments are performing 
satisfactorily. No further upgrade is recommended. 

4.1.2 Tanks from Environmental Restoration Group 3 

Foxboro~ 823DP level instruments have recently been installed on the ER Group 3 tanks 
W-1A and WC-17. Signals from both tanks are transmitted to the WOCC. Bechtel recently 
installed RobertshaW5 instruments on tanks W-1, W-2, WC-IS, and TIi-4 to meet an :FFA 
milestone and because these were the only tanks in ER Group 3 that did not have level 
instrumentation. These transmitters do not send signals to the WOCC presently, but plans to 
connect these instruments to the WOCC are in place. These instruments should perform 
satisfactorily. 
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4.2 TANKS 1lIAT ARE EMPTY OR SCHEDULED FOR NEAR-TERM EMPTYING 

Twelve tanks are presently empty or scheduled to be emptied during fiscal years 1992 and 
1993. These tanks are'listed in Table 2 with other important information. The tanks that are 
scheduled for emptying during fiscal year 1992 are WC-l, W-13, W-14, and W-15. The tanks 
scheduled for emptying during fiscal year 1993 include T-30, TIl-I, TIl-2, TIl-3, and 7562 
Tanks that are already empty include W-19, W-20, and 7560 . 

According to the drawings in the appendix, the 8 of the 12 tanks that are empty or 
scheduled to be emptied in 1992 and 1993 are contained in a concrete encasement or vault. 
These tanks are W-19, W,:,20, W-13, W-14, W-15, TIl-2, TIl-3, and T-30. Tanks TIl-I, WC-l, 

, 7560, and 7562 are contained in an earth fill. All these tanks, except W-19 and W-20, have 
dry wells located near the tanks, according to the drawings. Some drawings indicate that the 
tanks were constructed with vents, but there is no evidence that the vents are currently 
connected. ' 

The level-monitoring requirements for inactive waste tanks that are empty or scheduled 
for near-term emptying are different than the requirements for tanks that contain liquids. 
After the tanks are empty, the primary concern about the liquid level is whether there is any 
leakage into the tank. ER presently does not plan to install level instrumentation on the 
empty or soon-to-be-empty tanks. Instead, the plan is to inspect the empty tanks annually to 
determine whether any liquid has leaked into the tanks. 

The possibility of inleakage (and the need for level monitoring) varies considerably from 
stainless-steel tanks that have all entry lines blocked off to tanks that have a higher 
probability of inleakage (such as Gunite tanks) and tanks that may not have all entry lines 
removed or blocked. In today's political environment, it may be wise to install level 
instrumentation on empty tanks, primarily to notify operators in the event of inleakage. 
Options for monitoring the liquid level in the empty or soon to be empty tanks include, but 
are not limited to: 

(1) checking the level annually as planned by ER, 

(2) installing a conductivity probe for quick detection of liquid inleakage, 

(3) installing a staff gauge, 

(4) installing a less expensive DP transmitter than the Foxboro(l823DP, or 

(5) installing instrumentation such as the Foxboro<lls23DP or RobertshaW' Model 185. 

Relatively speaking, the cost of options (1) through (3) are low, the coSt of option (4) is 
moderate, and option (5) is the most expensive. 

Option (1) provideS little infprmation about the volume of liquid in the tanks except on 
occasions when the level is physically checked. In some cases, it is difficult to check the tank 
level physically, and it may unnecessarily expose personnel to radiation. Option (2) will be 
useful after the tanks have been emptied, but its data output is limited, as previously discussed 
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Table 2 Information about empty or soon-to-be-emptied inactive tanks 

Tank Status Type Currenta 

Tank capacity of of Type of level Recommended 
ID (gal) tank containment vent instrument upgrade .. 

W-19 2,250 Empty Concrete None visible 1 Foxboro® 
encasement 823DP 

W-20 2,250 Empty Concrete None visible 1 Foxboro® 
encasement 823DP 

7560 1,000 Empty Earth & None visible 2 Foxboro® 
gravel 823DP 

W-13 2,000 To be Concrete None visible Staff gauge Foxboro· 
emptied encasement 823DP 
in FY 92 

W-14 2,000 To be Concrete None visible Staff gauge Foxboro® 
emptied _ encasement 823DP 
in FY 92 

W-15 2,000 To be Concrete None visible Staff gauge Foxboro® 
emptied encasement 823DP 
in FY 92 I~ 

m-l 2,500 To be Earth None visible 2 Foxboro® I. emptied 823DP ," 
in FY 93 

m-2 2,400 To be Concrete None visible 2 Foxboro· 
emptied encasement 823DP 
in FY 93 

m-3 3,300 To be Concrete None visible 2 Foxboro® 
emptied encasement 823DP 
in FY 93 

WC-l 2,150 To be Earth Hoah, but 2 Foxboro· 
emptied believed to 823DP 
in FY 92 be out of 

service 

7562 12,000 To be Earth & Vented 3 Robertshaw· 
emptied gravel Model 185 
in FY 93 

T-30 825 To be Concrete voab 2 Foxboro· 
emptied vault 823DP i 

in FY 93 ,., 
I 

al = Drawing shows lines that appear suitable Jor DP transmitter, 2 = Drawing shows level instrument lines 
I 
I 

for DP transmitter, and 3 = Ports appear accessible for installing level instruments. 
bROG = hot off-gasj VOG = vessel off-gas. . .. 
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in Sect. 3.3. It should be noted that Tanks 7560 and 7562 previously contained oil, so a 
conductivity probe may not work well in these tanks. Option (3) will provide information 
about the volume of liquid in the tanks, but several gallons may leak into a tank before the 
gauge initially responds since the response is dependent on the weight of the rod and float. 
The parallax problem (see Sect. 3.2) could possibly be solved by placing a reflective baCking 
on the scaled board so the operators "could line up the pointer with its reflection and read the 
level at the proper angie. However, this option will still lower the accuracy of level 
monitoring. Option (4) will also indicate whether any liquid has entered the tank also. Since 
the main objective is to detect liquid ioleakage, the transmitter does not need to be extremely 
accurate; however, it may be difficult to interpret variations caused by temperature changes, 
etc. Option (5) would provide the most accurate information about liquid in the tanks, but 
there is some question as to whether it is worth the cost to monitor an empty tank. 

Although it is the most expensive choice, option (5) is recommended as the selection for 
these tanks. Using the more accurate transmitter would eliminate some variations caused by 

"temperature, etc; however, it may not be necessary to use the auxiliary temperature device 
to monitor ~he ambient temperature of the FoxboroGD transmitter. These instruments also 
could be used until the tanks are remediated; then the transmitters could be used for backup 
transmitters or for spare IJarts. 

4.3 TANKS mAT ARE RECOMMENDED FORINS1RUMENTATION UPGRADES 
: . 

The Fifteen tanks listed in Table 3 are recommended for level instrumentation upgrades. 
It is also recommended that the signals from these tanks be transmitted to the wocc. These 
tanks ,and their requirements are discussed in Sects. 4.3.1-4.3.4 . 

4.3.1 Tanks From :Environmental Restoration Group 1 

Tank W~ 11 is the only tank in the ER Group 1 tanks that is recommended for an 
instrumentation upgrade. This tank is a IS00-gal Gunite tank contained in an earth fill. Since 
the liquid level is presently monitored by a float and staff gauge, it is recommended that the 
liquid level instrumentation to be upgraded. Reworking the riser will be required regardless 
of tral)Smitter selected. Both air and electricity are available in the area. Tank drawings (see " 
appendix) indicate that the tank originally had a liquid~level dip tube and a high efficiency 
particulate air (HEP A) filter, but their present statuS is unknown. H the FoxboroGD instrument 
is installed, a vent will be required for the air injected through the dip tubes. It is envisioned 
that a setup similar to the dip tubes and vent system on the nearby W ~ 12 tank could be used 
for the W ~ 11 tank. Since the tank capaCity is less thaIi 3000 gal, installation of the 

Foxboro<lls23DP transmitter is recommended for this tank. 

4.3.2 Tanks From :Environmental Restoration Group 2 

The ER Group 2 tanks are underground tanks located west of the Old Hydrofracture 
Facility. The tanks are constructed of steel and are contained in an earth and gravel fill. The 
capacities of these tanks range between 13,000 and 25,000 gal. The risers through which the 
dip tubes enter the tank extend above ground and are readily accessible. The tanks are 
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Table 3. Inactive tanh recommended fur instrumentation upgrade 

ER Tank 
Tank group capacity Current Recommended 
ID number (gal) instrumentation instrumentation upgrade 

W-11 1 1,500 Staff Foxboro® Model 823DP 

T-1 2 15,000 Foxboro® Model 131\ Foxboro® Model 823DP 

T-2 2 15,000 Foxboro® Model 131\ Foxboro® Model 823DP 

T-3 2 25,000 Foxboro® Model 131\ Foxboro® Model 823DP 

T-4 2 25,000 Foxboro® Model 13J\ Foxboro® Model 823DP 

T-9 2 13,000 Foxboro® Model 131\ Foxboro® Model 823DP 

W-3 3 42,500 Staff Robertshaw® Model 185 

W-4 3 42,500 Staff Robertshaw® Model 185 

3001-B 5 75 None Either the Foxboro® 823DP 
3003-1\ 5 16,000 None or the RObertshaw® Model 
3004-B 5 30 None 185 are recommended for 
3013 5 400 None these tanks. 

H-209 5 2,500 Non~ 
7503-1\ 5 11,000 None 

3001-S 5 2,000 None This tank may not exist. 

vented through HEP A filters. Additional information for the tanks is given in Table 3, and 
drawings of the tanks are shown in the appendix. 

These tanks presently have Foxboro(!)Model 13A DP transmitters to monitor the liquid 
level. A nearby air compressor provides air for operation of the DP transmitters. Considerable 
difficulty has been experienced in the past with level measurement in these tanks because of 
failure of the air compressor that provides air to the DP transmitter and because of the 
collection of water in the bubble tube lines. The air compressor has recently been replaced; 
however, the condition of the air lines and water-removal system is not known. The DP 
transmitters are located in a field-mounted, unheated instrument rack. The model 13A 
transmitters are not temperature compensated and therefore not as accurate as the newer 
instruments. The Model 823DP transmitters also would provide a more accurate digital 
readout than the Model13A The distance to a data concentrator from the Old Hydrofracture 
Site is only about 200 yds. The signal from either the Foxboro® 823 or RobertshaW® Model 
185 could be relatively easily connected to the data concentrator and sent to the WOCc. 
Waste Management personnel have indicated that the WOCC could accept these data. 
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The easiest and possibly the least expensive option would be to replace the existing 
Model13A DP transmitters with Model 823DP transmitters; however, replacement of the air 
tubing to the DP transmitters may be warranted because the condition of the compressed air 
piping to the DP transmitters and the air drier appears to be poor. The air-drying system also 
should be repaired (upgraded if required), routinely monitored, and routinely maintained. 
Installation of a backup air supply for the liquid-level transmitters should be considered. The 
condition of the dip tubes inside the tanks is not known, and an evaluation or inspection is 
recommended to determine if replacement is needed. 

The RobertshawGD Model 185 also appears to be a suitable candidate for replacement of 
the Model 13A DP transmitters. This option would require removal of the existing dip tubes 
in the tanks. The risers are accessible, and Waste Management personnel have indicated that 
the removal should not be a difficult job. The use of the RobertshawGD 185 would eliminate 
the need for an air supply system for the liquid-level measurement system of the tanks at the 
site. However, the installation of the RobertshawGD 185 instrument requires the risers to be 
upgraded, as was done for existing installations of the RobertshawGD instrument. 

Since the present liquid-level instrumentation is a bubbler system, it is recommended that 
the present transmitters be replaced with the FoxboroGDs23DPs. 

4.3.3 Tanks From.Environmental Restoration Group 3 

Tanks W-3 and W-4 are Gunite tanks located in the North Tank Farm with earth and 
gravel fills. These tanks are presently monitored with staff gauges, but the gauge on W-4 has 
been broken for several months. These tanks are similar to, but much larger than, the W-l 
and W-2 Gunite tanks that have had their instrumentation upgraded to the RobertshawGD 
Model 185 instruments. 

The existing float and staff gauges must be removed and disposed of regardless of 
. whether the Foxboro~ or RobertshawGD instrument is installed. Air and electric utilities are 

available, so either the Foxboro.823DP or the RobertshawGD Model 185 could be installed. 

As previously noted in Sect. 4.4.2, the risers must be upgraded for mounting the RobertshawGD 
instrument. Installation of the Foxboro. 823DPtransmitter also would require installing a . 

vent. Installation of the RobertshawGD Model 185 is recommended as the best option to 
maintain consistency with the other tanks in the North Tank Farm. 

4.3.4 Tanks From Environmental Restoration Group S 

The ER Group S tanks are listed in Table 1. Little information has been found about 
these tanks, but some construction drawil'igs that are not in good condition have been located 
for tanks 3003-A, 3004-B, 3013, 7503-A, and 3001-S. Construction or installation drawings for 
tanks 3001-B and H-209 have not been located. None of these tanks have liquid-level 
instrumentation, and the contents of these tanks are unknown. Remedial Actions has been 
tasked with inspecting these tanks to determine their liquid levels and sample their contents . 

All of the tanks have been sampled now except 3001-B and 7S03A The results thus far 
indicate that all the tanks except 3003-A, which contains approximately 11,000 gal, contain 
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small volumes of liquid. The results also indicate that the radiation levels in these tanks are 
very low. Therefore, the significance of a leak from these tanks, except 3003-A, would appear 
to provide a minimal risk. 

Tanks 3001-B and 3001-5 are reported to be located just south of Building 3001 (the 
Graphite Reactor). The risers for 3001-B have been located, and it may be difficult to install 
any type of liquid level instrumentation since these risers are in the parking area for 
Building 3001. Tank access risers for Tank 3001-5 have not been located, and it is believed 
that this tank may never have· been installed. Photographs taken of the Graphite Reactor 
building before and after the alleged installation of 3001-5 show no difference in the 
landscape. Tank 3()()4..B is located beside the visitors' walkway to the graphite reactor, and 
the risers are currently covered with landscape stones. 

ER plans to have level instrumentation installed on all of the Group 5 tanks that are not 
empty; however, it is recommended that instrumentation be installed on the empty tanks as 
well. Options discussed in Sect. 4.2 are also applicable to the empty Group 5 tanks. However, 
it is also recommended that either the Foxboro\l) 823DP or RobertshaWll Model 185 be used 
when installing the new instrumentation. However, it may not be necessary to add the 
additional temperature device for monitoring the transmitter's ambient temperature. 
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5. CONCLUSIONS AND RECOMMENDATIONS 

The liquid-level measuring devices for the 39 tanks currently designated inactive were 
evaluated for their effectiveness in monitoring the liquid inventory in these tanks. There are 
no current EPA or state level-measurement or leak-detection regulations applicable to these 
tanks. It has been proposed by Vista that the active tanks meet the regulations for 
underground storage tanks containing petroleum and hazardous liquids. The level 
instrumentation for 12 of these tanks is considered adequate for monitoring the liquid 
inventory and potential leakage. Twenty-six tanks (27 if Tank: 3001-S exists) are recommended 
for instrumentation upgrades (see Tables 2 and 3). The tanks that are listed in Table 2 
include 12 tanks that are empty or scheduled for emptying during fiscal years 1992 and 1993. 
The 14 tanks listed in Table 3 include 8 tanks that are known to contain waste from ER 
Groups 1,2, and 3, in addition to 6 tanks from ER Group 5 (seven if Tank 300l·S exists) for 
which little characterization data is available. TW9 liquid-level measuring instruments are 
currently being used when installing or upgrading liquid level measurement instrumentation: 
Foxboro® 823DP and RobertshaW® Model 185. Vista has performed studies which have 

shown that the Foxboro® instrument, when used with an auxiliary RID device, can meet the 
EPA requirements set for petroleum and hazardous liquids in USTs when it is used on tanks 
smaller than 3000 gal. Alternatively to the Vista recommendation for an auxiliary RID device 
and compensating the output data accordingly, the transmitters could be installed ina 
temperature-controlled enclosure to eliminate variations due to ambient temperature changes. 
Vista is performing additional studies to determine whether the instrument can meet 
requirements when used on larger tanks. Vista is also currently testing the RobertshaW® 
instrument to determine whether it can meet the regulatory criteria. ORNL Waste 
Management has installed the RobertshaW® instrument on several of its tanks, and they are 
satisfied with its performance. In addition, the RobertshaW® instrument has been installed and 

is operating satisfactorily on 10 of the inactive Gunite tanks. When the RobertshaW® Model 
185 is installed, the temperature of the tank contents should be monitored, and the tank, 
volume should be compensated 'accordingly. The RobertshaW® Model 185 is also 
recommended for installation in tanks that have problems with differential pressure 
transmitter systems due to plugging probes . 
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Appendix 

DRAWINGS OF THE ORNL INACI1VE WAS1E TANKS 

Drawings originally printed in 

U.S. DEPARTMENT OF ENERGY 
OAK RIDGE NATIONAL LABORATORY 

DRAFI' WASTE STORAGE TANKS 
REMEDIAL ACTION PLAN 
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OAK RIDGE, TENNESSEE 

PEBR CONSULTANTS, P.c. 
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OAK RIDGE, TENNESSEE 37930 

PREPARED BY 
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Mel CONSULTING ENGINEERS, INC. 
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