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1 .O INTRODUCTION 

On March 23, 1999 through April 15, 1999, developmental testing (Huber 
1999) was performed on an Enraf 854 ATG level detector. The test was 
performed at the Department of Energy’s Hanford Site, 200 West Area in the 
272-WA instrument shop. The test validated the functionality of the Enraf 854 
ATG level detector as an acceptable candidate for use as an annulus leak 
detector in the double-shell underground storage tanks. 

1.1 Enraf 854 ATG Description 

Enraf Series 854 level gauges are certified by Factory Mutual (FM) for 
National Fire Protection Association (NFPA 70) hazardous Class l1 Division 1, 
Groups 8 ,  C, and D Locations (Enraf 1996). Its level measurement principle is 
based on the detection of variations in the weight of a displacer suspended in 
the process fluid. The displacer is connected to a wire wound on a precision 
measuring drum. A level change causes a change in the weight of the displacer, 
which will be detected by the force transducer. Electronics within the gauge 
cause a servo-motor to adjust the position of the displacer and compute the tank 
level based on the new position of the displacer drum. 

Understanding the change in displacer weight is crucial. The gauge 
basically serves as a precision weigh scale. Its primary goal is to cause the 
displacer to weigh a specified amount less than its free-weight, hereafter 
referred to as the interface set point. It achieves this by either 1) lowering the 
displacer in search of additional upward force, thereby reducing the apparent 
displacer weight; or 2) raising the displacer in search of increasing the apparent 
displacer weight. If used as a leak detector, the displacer rests on the bottom of 
the tank until enough liquid enters, causing the displacer weight to decrease to 
its specified interface set-point weight. The depth this liquid reaches at this 
point is referred to as the “immersion depth.” Only when the immersion depth is 
reached will the gauge report changes in liquid level. 

The factory sets the interface set point at 12 grams less than the displacer 
free-weight. The set point is user adjustable. At Hanford, most Enraf 854 Level 
Gauges are given a 15-gram setting. For test purposes, a 10 gram setting was 
tested as well. 

The 15-gram set point was selected at Hanford to provide a more positive 
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response, given that some measuring wires were dragging on PVG riser liners, 
which exist in certain locations (but not at annulus leak detector locations). 
Under wire-drag conditions, it was found that the closer the interface set point 
was to the displacer free-weight, the less reliable was gauge performance. 

2.0 PURPOSE AND TEST CRITERIA 

The purpose of the test procedure was to verify the functionality of the 
Enraf 854 ATG as an annulus leak detector. 

3.0 Criteria 

The following criteria were used to determine whether the Enraf 854 ATG 
would be a suitable candidate. Final acceptability for use will be determined by 
in-field operational testing. 

3.1 Level Detection 

With the displacer resting on the bottom of a container, the gauge must detect 
and report an addition of 0.25 inch of liquid or less. The test liquid will be tap 
water at room temperature (specific gravity of 0.998 to 1.001). 

3.2 Alarm Activation 

The gauge must have the capability of setting the high alarm point at 0.25 inch 
above the bottom of the container with a tolerance of -0.125 to +0.25 (Attorney 
General 1998). This setting must not incapacitate the gauge unless a suitable 
work-around is available. A work-around's suitability is determined by the 
cognizant engineer. 

3.3 Displacer Size and Weight 

If a different size displacer is determined to be needed, the new displacer's outer 
diameter must clear the inner diameter of a nominal 4-inch, Schedule 120 pipe 
(inner diameter = 3.63 inches). The free weight of the displacer must fall within 
the range of 200 to 245 grams. In addition, the displacer would need to pass 
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through the window of an Ernst Gage Co. Fig 215CS Sight-Flow indicator as 
used in the standard Enraf installation. A window gasket taken from a Sight- 
Flow indicator was used to determine which displacer would pass. The inner 
diameter of the gasket was the smallest diameter the displacer would need to 
clear. 

4.0 Test Method and Test Equipment 

4.1 Equipment 

A standard Enraf Series 854 Automatic Level Detector was used and 
setup per Figure 1. The wire drum spool contained Platinum-20%lrridium wire. 
The initial displacer was a Tank Farm standard composite displacer fabricated 
per H-2-817634 assembly 55. Subsequent larger diameter displacers were 
fabricated under development procedures per engineering sketches found in 
Appendix D. 

4.2 Method 

The test cart was arranged as shown in Figure 1. A container (a 
Styrofoam bowl) was placed under a standard polyethylene displacer. A flat 
aluminum disk was placed in the bottom of the container. The upper surface of 
the disk served as the simulated tank bottom -hereafter referred to as “the 
bottom.” Since the Enraf gauge only operates in the range of readings greater 
than zero, the gauge was configured such that its zero point was located 
approximately 12 inches below the bottom. The level reading at the bottom was 
recorded and used to determine the alarm set-point. The high alarm setting 
(HA) was set equal to the bottom reading plus 0.05 inch. The calculated 
immersion depth of a standard displacer in water is 0.29 inch. The alarm was 
then expected to occur at 0.29 + 0.05 = 0.34 inch. 

The gauge was placed into service and the displacer was sent to rest on 
the bottom. Water was slowly added to the container until an alarm was 
reported in the gauge display. An actual level measurement was then taken 
using a steel, graduated scale. 

For each displacer tested, a separate run was executed for three different 
buoyancy force set-points: 15, 12 and 10 grams. 



HNF-4328 
Revision 0 

5.0 Test Results 

5.1 Discussion of Test Results 

A reproduction of the master control copy of the test procedure is found in 
Appendix A. The data sheets containing all data taken are included as a part of 
Attachment A. Related calculations are found in Appendix 6. Results of the 
tests are tabulated in Tables 5.1.1 and 5.1.2. Photographs of the test setup can 
be found in Appendix C. 

On March 23, 1999 the testing was started. Runs 03249901 through 
03249904 were performed on the standard displacer (2.00 inch base diameter). 
Prior to testing, the gauge force transducer was calibrated per manufacturers 
instructions. Also some minor obstacles were encountered and overcome and 
can be reviewed in the Test Log notes. The only significant problem occurred 
during run 03249901. Once the gauge went into alarm, it did not come out of 
alarm when returned to the container bottom. Vendor manuals were reviewed. 
It was discovered that the "Alarm Hysteresis" setting, (parameter AH), was 
factory set to 0.42 inch. The parameter was changed to 0.02 inch, which 
resolved the problem. Also during the first run, it was decided that the test setup 
was inadequate. The container was not flat, nor did the table seem to be level. 
A new container setup was found, and the table was leveled. New photographs 
of the setup were taken. 

Following run 03249904, it was decided that a displacer with a larger 
base diameter would be required to achieve an acceptable alarm level. The 
acceptable level was 0.25 inch with a - 0.125 to + 0.25 tolerance. A variety of 
displacer sizes were fabricated. Testing of these larger displacers begins with 
run 04129901. 

Once testing of the larger displacers was complete, it was discovered that 
only the 2.75 inch diameter displacer would pass through the standard Ernst 
Gage Co. sight-glass used with Enraf installations. For maintenance and design 
compatibility reasons, it was desirable to retain the existing Enraf installation 
configuration. And since this displacer was able to perform within the specified 
range, it was selected for further repeatability testing to verify its functionality 
(Table 5.1.2). Repeatability testing begins with run 04159912-1. 

6 
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Table 5.1 . I  -Alarm Level Data 

5.1 Observations 

During testing of the 3.25 inch diameter displacer, it appeared that the 
larger surface area in contact with the bottom was inducing a suction due to 
surface tension. Lower alarm levels were expected with the larger displacer but 
not achieved; possibly due to the additional buoyant force required to overcome 
surface tension. 

During repeatability testing it was observed that the displacer became 
free-hanging at a gauge reading of 0.03 inch above the bottom level reading 
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This would mean that a slightly smaller value other than 0.05 inch could be used 
as an alarm setting above the bottom reading. However, the alarm-hysteresis 
setting would also need to be decreased, possibly causing false alarms. Since 
the final setup was able to operate within specified criteria, testing of lower alarm 
and alarm-hysteresis settings was not performed. 

6.0 Conclusions and Recommendations 

The results of the Test Procedure show that the 2.75 inch diameter 
displacer will satisfactorily perform at approximately 3/16 inch +/- 3/32. It 
consistently provides an alarm at 0.25 inch or less and will require no redesign 
of the basic components and procedures related to Enraf 854 ATGs on the 
Hanford Site. 

The Enraf 854 ATG level detector, equipped with a 2.75 inch diameter 
displacer is recommended for in-service testing as an annulus leak detector. 

To ensure reliability, the gauge should be installed on a 6-inch nominal 
diameter riser. This will avoid wire-drag discussed earlier. 

It is recommended that the gauge be set up with the following parameters. 
AH = 0.02 (alarm hysteresis) 
HA = Bottom level reading + 0.05 (high alarm) 
LL = 0.0 (low-low alarm) 
LA = 0.0 (low alarm) 
Zero level set to 12.00 inches below the bottom of the annulus. 
RL set to the level of the ball in the ball valve (reference level) 
HH set above the RL (high-high alarm setting) 
MH set just below TT (motor high alarm setting) 
ML = 0.0 (motor low alarm setting) 

7.0 References 

Attorney General of Washington, Settlement Agreement and Stipulated Order of 
Dismissal, PCHB No. 98-249; No. 98-250, 1998 

Enraf Inc., Instruction Manual Series 854 ATG Level Gauqe, Part No. 4416.220, 
Version 2.2 , March 1996 (See CV-31560, vendor information file). 
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Huber, J. H., Enraf Annulus Leak Detector Development Test, HNF-4033 
Revision 1, dated April 1, 1999 
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6.1 
6.2 
6.3 

6.4 
6.5 
6.6 
6.7 
6.8 
6.9 
6.10 
6.1 1 
6.12 
6.1 3 

Setup gauge per Figure 1. 
Place a piece of card board over the beakedcontainer opening. 
Enter command UN to cause the displacer to come to rest on the 
cardboard. 
Enter command W2=ENRAF2 (protection level 2) 
Enter command RL=+00020.00 
Enter command AR 
Wait for gauge to reinitialize, then enter command EX. 
Wait for gauge to reinitialize, then enter command CA. 
When displacer is 2-3 inches above cardboard, enter command FR 
Remove the cardboard 
Ensure beakerlcontainer is dry 
Enter command UN to lower the displacer 
When displacer comes to rest on the bottom of the 
beakerkontainer and the gauge reports a valid level reading (no 
exclamation point in display), record the level 

Beaker bottom level I 3 .  8 5 inches 

6.14 Enter protection level 2. 
6.15 Enter command HA=+xxxxx.xx, where xxxxx.xx is equal to the 

beakerkontainer bottom IeveL + .  05 
6.16 Enter command EX and wait for gauge to reinitialize. 
6.1 7 Enter command CA to raise displacer above beakerkontainer, then 

enter command FR to stop the displacer. 
6.1 8 Place the card board on the beaker and enter command UN. 
6.1 9 RECORD VERIFICATION that the displacer reports a valid level 

reading on top of the cardboard. 

14 s ~ 9 1  

Valid level reading? 1 Yes - No 

3 1 V  f 9  
gate 1 

4%-& 
Signature 

6.20 Enter command CA then remove the cardboard. 
6.21 Enter command UN and allow the displacer to come to rest on the 

bottom of the beakerkontainer. 
6.22 Wait until the gauge reports a valid level reading. 

5 A-2 
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6.23 Using a measuring cup and an engineering scale, slowly add water 
to the beakerkontainer until one of the following occurs: 

a. The level reaches 0.25 inches above the bottom of the beaker 
OR 

b. The gauge reports a change in level of more than 0.02 inch OR 
c. Indication of an high alarm level has bee reached. 

6.24 DESCRIBE and RECORD the results of the above step 

sQ4 k & T  (-0% 

6.25 If any of the substeps of step 6.24 do not occur, continue slowly 
adding water until all have occurred. 

6.26 DESCRIBE and RECORD the results of the above step. 

See T q r L 0 5  
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6.1 
6.2 
6.3 

6.4 
6.5 Enter command RL=+00020.00 
6.6 Enter command AR 
6.7 Wait for gauge to reinitialize, then enter command EX. 
6.8 Wait for gauge to reinitialize, then enter command CA. 
6.9 When displacer is 2-3 inches above cardboard, enter command FR 
6.10 Remove the cardboard 
6.1 1 Ensure beakerkontainer is dry 
6.12 Enter command UN to lower the displacer 
6.13 When displacer comes to rest on the bottom of the 

beakerhontainer and the gauge reports a valid level reading (no 
exclamation point in display), record the level 

Beaker bottom level / 3 . B  r inches 

Setup gauge per Figure 1. 
Place a piece of card board over the beakerkontainer opening. 
Enter command UN to cause the displacer to come to rest on the 
cardboard. 
Enter command W2=ENRAF2 (protection level 2) 

6.14 Enter protection level 2. 
6.1 5 Enter command HA=+xxxxx.xx, where MMX.XX is equal to the 

beakerkontainer bottom level,, t ,  or 1-d 
6.16 Enter command EX and wait for gauge to reinitialize. 
6.17 Enter command CA to raise displacer above beakerkontainer, then 

enter command FR to stop the displacer. 
6.1 8 Place the card board on the beaker and enter command UN. 
6.1 9 RECORD VERIFICATION that the displacer reports a valid level 

reading on top of the cardboard. 

6.20 Enter command CA then remove the cardboard. 
6.21 Enter command UN and allow the displacer to come to rest on the 

bottom of the beakerkontainer. 
6.22 Wait until the gauge reports a valid level reading. 

5 A-4 
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6.23 Using a measuring cup and an engineering scale, slowly add water 
to the beakerkontainer until one of the following occurs: 

a. The level reaches 0.25 inches above the bottom of the beaker 
OR 

b. The gauge reports a change in level of more than 0.02 inch OR 
c. Indication of an high alarm level has bee reached. 

6.24 DESCRIBE and RECORD the results of the above step 

s w  K S T  L a <  
I 

6.25 If any of the substeps of step 6.24 do not occur, continue slowly 
adding water until all have occurred. 

6.26 DESCRIBE and RECORD the results of the above step. 

5 e e  f e s r  L e $  
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6.0 Test Procedure 

6.1 
6.2 
6.3 

6.4 
6.5 Enter command RL=+00020.00 
6.6 Enter command AR 
6.7 Wait for gauge to reinitialize, then enter command EX. 
6.8 Wait for gauge to reinitialize, then enter command CA. 
6.9 When displacer is 2-3 inches above cardboard, enter command FR 
6.10 Remove the cardboard 
6.1 1 Ensure beakerlcontainer is dry 
6.12 Enter command UN to lower the displacer 
6.7 3 When displacer comes to rest on the bottom of the 

beakerlcontainer and the gauge reports a valid level reading (no 
exclamation point in display), record the level 

Beaker bottom level /% ?/ inches 

Setup gauge per Figure 1. 
Place a piece of card board over the beakerlcontainer opening. 
Enter command UN to cause the displacer to come to rest on the 
cardboard. 
Enter command W2=ENRAF2 (protection level 2) 

6.14 Enter protection level 2. 
6.1 5 Enter command HA=+xxxxx.xx, where xxxxx.xx is equal to the 

beakerlcontainer bottom level. 
6.1 6 Enter command EX and wait for gauge to reinitialize. 
6.17 Enter command CA to raise displacer above beaker/container, then 

enter command FR to stop the displacer. 
6.1 8 Place the card board on the beaker and enter command UN. 
6.19 RECORD VERIFICATION that the displacer reports a valid level 

reading on top of the cardboard. 

Valid level reading? +Yes 

Signature / Dale 

6.20 Enter command CA then remove the cardboard. 
6.21 Enter command UN and allow the displacer to come to rest on the 

bottom of the beakerlcontainer. 
6.22 Wait until the gauge reports a valid level reading. 

__ No 

&L=z===- ;/AI. 7-7 
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6.23 Using a measuring cup and an engineering scale, slowly add water 
to the beakerlcontainer until one of the following occurs: 

a. The level reaches 0.25 inches above the bottom of the beaker 
OR 

b. The gauge reports a change in level of more than 0.02 inch OR 
c. Indication of an high alarm level has bee reached. 

6.24 DESCRIBE and RECORD the results of the above step. 

Ye1 @ J T [ O *  

6.25 If any of the substeps of step 6.24 do not occur, continue slowly 
adding water until all have occurred. 

6.26 DESCRIBE and RECORD the results of the above step. 

sei N d f L G  
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6.1 
6.2 
6.3 

6.4 
6.5 
6.6 
6.7 
6.8 
6.9 
6.10 
6.1 1 
6.12 
6.13 

Setup gauge per Figure 1. 
Place a piece of card board over the beakerlcontainer opening. 
Enter command UN to cause the displacer to come to rest on the 
cardboard. 
Enter command W2=ENRAF2 (protection level 2) 
Enter command RL=+00020.00 
Enter command AR 
Wait for gauge to reinitialize, then enter command EX. 
Wait for gauge to reinitialize, then enter command CA. 
When displacer is  2-3 inches above cardboard, enter command FR 
Remove the cardboard 
Ensure beakerlcontainer is dry 
Enter command UN to lower the displacer 
When displacer comes to rest on the bottom of the 
beakerkontainer and the gauge reports a valid level reading (no 
exclamation point in display), record the level 

Beaker bottom level ' 4 . 9 0  inches 

6.14 Enter protection level 2. 
6.15 Enter command HA=+xxxxx.xx, where xxxxx.xx is equal to the 

beakerlcontainer bottom level. 
6.16 Enter command EX and wait for gauge to reinitialize. 
6.17 Enter command CA to raise displacer above beakerkontainer, then 

enter command FR to stop the displacer. 
6.1 8 Place the card board on the beaker and enter command UN. 
6.1 9 RECORD VERIFICATION that the displacer reports a valid level 

reading on top of the cardboard. 

Valid level hading? __ Yes __ No 
, ,  

/y/& 3 -a+ 3 9  
Signaturq Date 

6.20 Enter command CA then remove the cardboard. 
6.21 Enter command UN and allow the displacer to come to rest on the 

bottom of the beakerlcontainer. 
6.22 Wait until the gauge reports a valid level reading. 

A-8 
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6.23 Using a measuring cup and an engineering scale, slowly add water' 
to the beakerlcontainer until one of the following occurs: 

a. The level reaches 0.25 inches above the bottom of the beaker 
OR 

b. The gauge reports a change in level of more than 0.02 inch OR 
c. Indication of an high alarm level has bee reached. 

6.24 DESCRIBE and RECORD the results of the above step 

SCC W r L Q G  

6.25 If any of the substeps of step 6.24 do not occur, continue slowly 
adding water until all have occurred. 

6.26 DESCRIBE and RECORD the results of the above step. 

S e t  K A T  L O <  

A-9 
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DEPTH CALCULATIONS 

Prepared by John Huber Date Y - z / - 9 4  

Checked by CC Scaief 111 Date 5 - k - 9  
I 

Calculation 6-1 
Subject: Immersion Depth Equation 

IProblem Statement: A displacer with free-weight, DW, in air is immersed into a 
liquid until it weighs a specified amount, F,, less than DW. Derive an equation 
representing the immersion depth, H. Assume a constant specific gravity, SpG, 
and a flat bottomed, cylindrical displacer with diameter, D. 

' Fb 

I Free-body Diagram] 

Solution: The specified amount Fb is equivalent to the buoyant force exerted 
upward on the displacer, as shown in the free-body diagram. 

B-2 
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When the displacer is suspended in air, the wire tension T is, 

T = D W  

Immersed in a liquid, Fb > 0, and Fb is equal to the volume displaced 
multiplied by the density of liquid displaced. 

PI x D2 

4 
'olume of displaced liquid = ----------- x H 

knsity of displaced liquid = R, 

iolving eqn (1) for H 

Fb 
H =  __________________ 

PI x D2 x R, 

low in SI units, R, is numerically equivalent to SpG 

For example, in SI units the density of water at room temperature is 1.0 
ramslcc, and the specific gravity of the same water is 1 .O. So, 

B-3 
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PI x D~ x SPG 

In conclusion, the immersion depth of a cylindrically bottomed displacer for a 
given buoyant force, diameter, and specific gravity, can be expressed by 
equation (2). 

Calculation 8-2 

Subject: Immersion Depths of Test Displacers 

Problem Statement: Given four displacer diameters, 2.00, 2.75, 3.00 and 3.25 
inches respectively, determine the expected immersion depths and alarm 
levels given a 15, 12 and 10 gram buoyant fource respectively for each. 

Governing equation (2): 

4Fb 
H =  ___________________ 

D~ x PI x SPG 

Table 61 shows the results of applying the governing equation to each 
displacer diameter given a specific gravity of 1 .OO. Also calculated is the 
expected alarm level assuming a setting of 0.05 inch above the bottom level 
reading. 
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Displacer Dia 

2.00 
2.75 
3.00 
3.25 

F, grams 

15.00 Alarm (+.05) 12.00 Alarm (+.05) 10.00 Alarm (+.05) 

0.29 0.34 0.23 0.28 0.19 0.24 
0.15 0.20 0.12 0.17 0.10 0.15 
0.13 0.18 0.10 0.15 0.09 0.14 
0.1 1 0.16 0.09 0.14 0.07 0.12 

Note that comparison of this table with table 5.1 .I indicates that actual 
measured alarm levels were generaly higher than the calculated value. It is 
suspected the higher measurements were due to a combination of factors. 

1 )  There was a cumulative time delay due to human reaction times. During the 
procedure the technician would verbally mark the alarm indication and the 
engineer would then release the water bottle. Certainly, slightly more water 
was added to the container after the alarm condition was met, overshooting the 
actual alarm point. 

2) The bottom of the larger displacers was flat. This would cause some 
hydrostatic suction between the bottom and the displacer. A certain amount of 
buoyant force would be required to overcome the suction force. 
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Figure 9 - Yest Setup 
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