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Site:  Office of River Protection Hanford 
 
Facility:  Tank Farms 
 
System:  Primary Tank Leak Detection Systems 
 
System Classification:  Safety Class 
 
System Safety Function: The safety function is defined in the Tank Farm Final Safety 

Analysis Report (FSAR, HNF-SD-SAR-067, Rev 2) Section 4.3.3.1.  
The function is "to provide an alarm of tank waste from misroutes or 
other system leaks into the tank annulus to alert operators to take 
action to prevent a flammable gas deflagration in the DST or AWF 
tank annulus". 

 
OBJECTIVE: 
 
VSS-1 This vital safety system is operational and personnel and processes are in 

place that ensures its continued operational readiness. 
 
VSS-1.1 VSS safety functions are defined and understood by responsible line managers, 

and supporting information/documentation is available and adequate.  System 
testing is adequate to ensure operability.  (Review Approach items 1, 2, 3 and 7) 

 
Discussion of Results – 

 
The leak detection system safety functions are well defined and documented in 
the FSAR.   
 
The functional requirement in HNF-SD-SAR-067, Rev 2, Section 4.3.3.3 states 
that the DST and AWF annulus ventilation system CAMs "shall alarm when 
radiation levels exceeding a preset level are detected".  In addition, Section 
4.3.3.3 states that the DST and AWF annulus conductivity probes or ENRAFs 
(buoyancy instrument) "shall be able to detect a 1.0 inch deep accumulation of 
waste in the bottom of the DST annulus and shall provide an audible alarm signal 
and an annunciator panel light upon detection of waste". 
 
The primary leak detection systems are intended to operate continuously under 
normal conditions.  The systems are also intended to operate after a leak or 
misroute into the annulus.  The systems are not expected to operate during or 
after a flammable gas deflagration.  They are also not required to operate during 
or after a natural phenomena evaluation basis seismic accident (HNF-SD-SAR-
067, Rev 2, Section 3.4.2.12.3 - "No credit is taken for seismic integrity of SSCs 
other than the gross integrity of SSTs, DSTs and AWF tanks to prevent collapse 
caused by the seismic accelerations of 0.19g"). 
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It should be noted that OPERABLE requires that the annulus CAM and the 
annulus ventilation system be operating.  However, if the tank annulus 
conductivity/buoyancy leak detection system is operating, the tank annulus CAM 
is not required to be operating. 
  
The definition of Operability is provided in HNF-SD-WM-TSR-006, Rev 2, 
Sections 3.2.6 and B 3.2.6. - "An OPERABLE primary tank leak detection system 
consists of at least one conductivity probe or buoyancy type instrument (as 
described in the Background) installed at a location that enables it to detect a 
leak (i. e. within 1.0 in. from the bottom of the annulus) or a CAM system that 
operates continuously while the annulus ventilation system is operating". 
 
The functional test for the DST (AN, AW and AP Tanks) annulus conductivity 
probes verifies that the probes are set within 1/4" of the annulus bottom.  
Lowering the adjustable probes until contact is made with the bottom of the tank 
annulus functionally tests the probes.  Alarms are then verified.  The functional 
tests for AN, AW and AP are: 
 

TF-FT-229-008 - Perform AN DST 101 through 107 Annulus Conductivity 
Probe Leak Detection Functional Test 

TF-FT-239-008 - Perform AW DST 101 through 106 Annulus Conductivity 
Probe Leak Detection Functional Test 

TF-FT-279-008 - Perform AP DST 101 through 108 Annulus Conductivity 
Probe Leak Detection Functional Test 

 
The AWF (AY and AZ Tanks) annulus conductivity probes are fixed in-place at 
different heights.  During normal operation the lowest probe (1/8" from bottom) is 
monitored.  The functional test verifies the operation of the alarm when a leak is 
simulated.  The functional test is: 
 

TF-FT-259-008 - Perform Functional Test for AY/AZ Aging Waste Facility 
Annulus Leak Detectors 

 
The SY Tanks have a buoyancy instrument (ENRAF) for annulus leak detection.  
During the functional test the alarm set point is verified to be at 0.25" above the 
tank annulus bottom.  The instrument's probe is then made to rise (via test 
command) simulating a rise in level above 0.25".  Local and remote alarms are 
then verified.  The functional test is: 
 

TF-FT-439-009 - Perform Functional Test of 241-SY Primary Tank Leak 
Detection System Annulus ENRAF Leak Detectors 

 
The functional test procedures when performed verify that the system detection 
and alarm point is 1/4" or less.  The functional criterion stated previously is to 
detect a 1-inch accumulation of waste; therefore the functional tests ensure this 
criterion is met. 
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The functional test for the DST annulus leak detection CAM system verifies the 
alarm set point on the instrument.  The CAM is also subjected to a radiation 
source that creates a detected radiation level above the alarm set point.  Local 
and remote alarms are verified upon actuation.  The functional tests are: 
 

TF-FT-229-017 - Perform AN DST 101 through 107 Annulus CAM AMS-4 
Leak Detection Functional Test 

TF-FT-239-016 - Perform AW DST 101 through 106 Annulus CAM Leak 
Detection Functional Test 

TF-FT-279-017 - Perform AP DST 101 through 108 Annulus CAM (AMS-4) 
Leak Detection Functional Test 

TF-FT-259-017 - Perform AY Annulus CAM (AMS-4) Leak Detection 
Functional Test 

TF-FT-439-017 - 241-SY Annulus CAM Leak Detection Functional Test 
 

The functional test procedures when performed verify that the system alarms 
when radiation level above the set point is detected, therefore the functional test 
ensures this criterion is met. 
 
As required by HNF-SD-WM-TSR-006, Rev 2, Section SR 3.2.6.1 the functional 
test frequency is once every 182 days. 
 
The drawings for the annulus CAMs and conductivity probes consist of Piping 
and Instrument Diagrams (P&ID) as well as installation and general arrangement 
drawings.  The CAMs at AN, AP, AY and SY Farms have recently been 
upgraded to a newer Eberline Model AMS-4.  These upgrades were performed 
via Engineering Change Notices (ECN), which are the design vehicles for 
engineering change control.  The P&ID drawings have been revised to 
incorporate the ECNs, however, the installation and arrangement drawings do 
not yet reflect the changes.  In addition, for all CAM and conductivity probe 
systems there are associated wiring diagrams.  Configuration is presently 
maintained by reference to both the drawing and the outstanding changes or 
ECNs.  
 
The safety systems will need to have the role of each unique piece of equipment 
defined.  These requirements need to be defined in an update to the RPP Safety 
Equipment List. 
 
Necessary and adequate procedures and policies are in place and have been 
effectively implemented supporting the conclusion that management understands 
their responsibilities. 
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VSS-1.2 The backlog for surveillances, tests, inspections, maintenance, repair, upgrades, 
or other work on the system is managed and kept to an appropriate minimum.  
(Review Approach item 6) 

 
Discussion of Results – 

 
Testing is accomplished at the frequencies established by the preventive 
maintenance program.   
 
There are two corrective maintenance packages on the work schedule for 
replacement of failed components (a flow regulator and one of the three ENRAFs 
on Tank 102-SY).  These corrective maintenance items do not have an impact on 
the operability of these safety class systems. 
 
There is one modification package on the schedule, but the modification will not 
have any impact on the performance of the system's safety function.  There is no 
backlog of surveillance tests or preventative maintenance items (everything is 
current).  The system is maintained in good operational status. 
  
The AZ Tank Farm annulus ventilation system has been in long-term shutdown 
status.  To ensure system integrity when returning to operational status, 
replacements of the annulus ventilation system monitoring and control 
instrumentation and the leak detection CAMs and enclosures are planned as part 
of the Double Shell Tank Integrity Program (RPP-7574) in FY 2001. 

 
VSS-1.3 Configuration Management and Maintenance programs effectively ensure 

operational availability of the system.  (Review Approach items 5, 8 and 9)   
 

Discussion of Results – 
 
The maintenance program is well established and procedures are in place.  The 
daily operator routines review the system's performance.  Configuration 
management of fieldwork and/or modifications is performed in accordance with 
procedures.  
 
There are no routine preventive maintenance activities associated with the 
conductivity leak detection systems, other than the TSR surveillances discussed 
above. 
 
However, the annulus leak detectors are checked daily by Operator Rounds.  For 
annulus conductivity probes, the height of the probe is verified to be set at the 
value on the Round data sheet within + 1/4 inch.  For the AWF Tanks (AY/AZ), 
the selector switch is verified to be on the lowest probe (1/8").  The reading on 
the ENRAF level gauge (SY Farm) is verified to be within allowed tolerance.  The 
ENRAF leak detectors in SY Farm receive an annual calibration in accordance 
with Procedure 6-LDD-485. 
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The actual Operator Round procedures are: 
 

TF-OR-A-03 AP, AW Tank Farms Daily Rounds 
TF-OR-EF-AN AN Tank Farm Rounds 
TF-OR-EF-AYAZ-D AY and AZ Tank Farms Daily Rounds 
TF-OR-WST-01-D 242-S, 244-S, 241-SY, 241-S and 242-SX Day and Night 

Shift Rounds 
 
In addition to the surveillances required by HNF-SD-WM-TSR-006, the CAMs 
receive additional inspections per procedure.  The activities are a daily inspection 
(TF-OPS-005), a weekly sample exchange (TF-OPS-006) and a monthly source 
check of the detector (TF-OPS-012).  The Health Physics Technicians (HPT) 
performs these procedures.  Each CAM also receives an annual calibration in 
accordance with procedures 6-RM-168 (Eberline Model AMS-4) and 6-RM-507 
(Eberline Model AMS-3). 
 
The annulus leak detection CAMs are checked daily by Operator Rounds.  The 
CAM radiation reading is verified to be less than the alarm set point. 
 
The Shift Operations Manager is responsible for maintaining the system in 
operational status.  The system is maintained in operational status. 
 

VSS-1.4 The system is operable and available to fulfill its safety function when required.  
(Review Approach items 4 and 10) 

 
Discussion of Results – 

 
The total number of failures of the functional tests for the conductivity/ENRAF 
leak detectors was 15.  The tests were performed a total of 171 times during the 
three year period. 
 
For the CAM systems there were four (4) recorded failures of the functional test.  
The tests were performed a total of 171 times during the three year period. 
 
The number of conductivity/ENRAF leak detector failures that occurred during 
operation was determined by a search of the Job Control System for corrective 
maintenance work packages.  A failure of any one element was counted as a 
failure of that system.  This is a conservative approach since only one of the 
three detection elements on a tank is required to be Operational at any one time.  
The total number of conductivity/ ENRAF leak detector failures during the three-
year period of operation was 13.  The total number of CAM operational failures 
during the three-year period of operation was 25.  (Note: during the observation 
period, the annulus ventilation systems for AZ Farm and for AY-101 were not 
operating for the CAM). 
  
The conductivity/ENRAF leak detector system unavailability, that is, the 
percentage of time that the system is not available without regard to whether it is 
still defined as Operable, was 5%.  The percentage of time the annulus CAM 
system was unavailable to perform its safety function was 4%. 
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The calculated System Functional Unavailability would be based on the amount 
of time that all three, tank conductivity/ENRAF leak detection units on the same 
tank, were out of service.  As such, this unavailability would be much lower.  The 
conductivity/ENRAF leak detector system functional unavailability is <1%. 
 
The System Functional Unavailability does not consider that the alternate leak 
detection system (CAM) was most likely Operable when the conductivity/ENRAF 
system was not.  Since only one of the two systems is required by TSR to be 
Operable, an overall Leak Detection System Functional Unavailability is given 
based on the assumption that failures are independent (no common cause 
failure).  The unavailability is thus estimated to be<0.1%, this number is a 
calculation based on probability and not on actual occurrences. 
 

Conductivity/ENRAF System Unavailability   5 % 
CAM System Unavailability     4 % 
Conductivity/ENRAF System Functional Unavailability  <1% 
Overall Leak Detection System Functional Unavailability <0.1% 

 
The system is operable to perform its safety function.  It is anticipated that 
individual component failures will increase as the system ages.  The overall 
system availability to perform its safety function is currently greater than 99.9%. 
 
Electric power is required for operation of the annulus CAMs, the conductivity 
probes and the ENRAF level gauges.  Instrument air is used to reduce the 
potential for moisture condensation in the reel type conductivity probes used in 
AN, AW and AP Farms.  In addition, the annulus ventilation system must be 
operating to support the annulus CAMs. 

 
 
CONCLUSIONS: 
 
This review has established that the conductivity/ENRAF system is operational and personnel 
and processes are in place that ensures its continued operational readiness.  Although the 
conductivity/ENRAF tank leak detection system has had failures, that reduced availability to 
99%, it is one of two relatively independent systems that perform the same function.  The result 
is an overall availability of the safety function of greater than 99.9%. 
 
The availability may progressively decrease as the system ages.  The existing conductivity reel 
type probes in AN, AP and AW Farms are old and maintenance is increasing.  It is expected 
that these will eventually be replaced with new ENRAF buoyancy type detectors that are newly 
deployed in SY Farm. 
 
This review has established that the CAM system is operational and personnel and processes 
are in place that ensures its continued operational readiness.  Although the CAM tank leak 
detection system has had failures that reduced availability to 96%, it is one of two relatively 
independent systems that perform the same function resulting in an overall availability of the 
safety function of greater than 99.9%. 
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The AZ Tank Farm annulus ventilation system has been in long-term shutdown status.  To 
ensure system integrity when returning to operational status, replacements of the annulus 
ventilation system monitoring and control instrumentation and the leak detection CAMs and 
enclosures are planned as part of the Double Shell Tank Integrity Program (RPP-7574) in 
FY 2001. 
 
In addition, boundary drawings are needed to help clarify the safety systems within the facility 
and the interfaces to supporting structures, systems and components. 
 
The safety systems will need to have the role of each unique piece of equipment defined.  
These requirements need to be defined in an update to the RPP Safety Equipment List. 
 
 
DOE employee who reviewed this assessment  ___DOE Review Team_____ Date __2/28/01_ 
      (*See below) 
 
Hours required for completing the assessment. 
 
DOE:      40      Hrs. 
 
Contractor:    241    Hrs. 
 
*Harkins, BA 
Harp, BJ 
Harwood, RG 
Noorani, YG 
Sullivan, RS 
Trenchard, GD 
Wade, KG 
Williamson, BI 
Wright, TC 
 


