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1.0 INTRODUCTION 

- 1.1 BACKGROUND 

The air flow through the primary exhaust ventilation ducts of most 
Double Shell Tanks on the hydrogen watch list presently does not have the 
capability of being monitored continuously. A system has been designed to 
provide this capability and is planned to be installed on tanks 241-AW-101, 

241-SY-102 and 241-SY-103. The system will have both a low range and a high 
range flow meter. 
(from 0.25 m/s (50 ft/min) to 1.78 m/s (350 ft/min)) while the high range flow 
meter will monitor flow during gas release events (up to 20 m/s (3861 
ft/min)). 

already installed, will allow for determination of the overall hydrogen 
generation and release rates. This information will assist in evaluating 
ventilation system effectiveness in resolving hydrogen safety issues. 

241-AN-101, 241-AN-103, 241-AN-104, 241-AN-105, 241-AN-107, 241-AP-104, 

The low range flow meter will monitor normal flow rates 

Flow monitoring, in conjunction with hydrogen monitoring equipment 

- -  1.2 SCOPE 

This document describes the design of the Double Shell Tank Primary 
Ventilation Exhaust Flow Monitor system. Two flow meters and one temperature 
transmitter will be the analytical instruments employed to provide the exhaust 
flow data to be used in conjunction with the Standard Hydrogen Monitoring 
Systems (SHMS) data to determine the quantity of flammable gas and other gas 
species suspected to be generated in waste tanks, such as nitrous oxide (N,O), 
ammonia (NH,), and methane (CH,). 

- 1.3 SYSTEM CLASSIFICATION 

will not be utilized for automatic control of the ventilation system. For 
this reason, this system is a General Service system as determined by the 
methodology of WHC-CM-4-46, Safety Ana7ysis Manual, section 9.0 (see 
Willingham Jr. 1997). However, the flame arresters provide defense-in-depth 
to existing Safety Class equipment and will be listed as such on the Tank 
Farms Safety Equipment List. The function of the flame arresters is to quench 
any flame that may try to propagate down the tubing from the flow transmitters 
to the tank vapor spaces. 

This flow monitoring system will be used to provide information only and 
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2 .0  FUNCTIONS AND DESIGN REQUIREMENTS 

The primary function of the Flow Monitor system is to provide exhaust 
duct flow rate data to be used in conjunction with gas concentration data to 
quantify the amount of flammable gasses being generated in Double Shell 
Hydrogen Watch List tanks. Currently, of the 177 radioactive waste tanks on 
the Hanford Project site, twenty-five (six Double Shell Tanks and nineteen 
Single Shell Tanks) were identified as having the potential for the buildup of 
gases to a flammable level. 

The equipment has been selected based on testing in the 306E Laboratory 
to provide usable and traceable analytical data (Willingham Jr. 1996b). 

The Flow Monitor system will transmit flow rate data to TMACS, with the 
option of transmitting process variables such as temperature and pressure. 

The engineering tasks will comply with the requirements specified in 
WHC-SO-WM-ETP-156, Task Plan for Design and Installation o f  Primary Exhaust 
Flow Monitoring in Double Shell Hydrogen Watch List Tanks (Groth 1995b). 

2.1 INSTRUMENT ENCLOSURE REQUIREMENTS 

It is necessary to provide an enclosure to house instruments for the 
analysis of exhaust duct air flow. The enclosure selected and support 
structure are identical to that being used for the Tank Monitor and Control 
System (TMACS) field instrumentation. The analysis for the enclosure 
installation, wind loading and seismic analysis for equipment anchorage are 
presented in WHC-SD-WM-OR-010, TMACS and Box Support WindlSeismic Analysis. 
The enclosure requirements shall meet the following: 

2.1.1 The enclosures shall be installed in unprotected areas of the 

2.1.2 The enclosures shall be environmentally controlled in order to 
maintain the analytical equipment in an acceptable environment 
when the following external conditions exist: 

- air temperature of -30 to t50 "C (-20 to t120 O F )  

- relative humidity of 10 to 80% condensing 
- wind speeds up to 31.8 m/s (70 miles/hour) 
- rain, snow, sleet, lightning, hail, and blowing sand and dust 
- radiation up to 30 mrem/hour 

waste tank farms. 

- 2.2 FLOW MONITORING SYSTEM REQUIREMENTS 

The flow monitoring system shall have the following requirements: 

2.2.1 Measure the mass flow rate of air in a 30.48 cm (12 inch) 
diameter duct at an average flow velocity of 0.15 to 2.03 m/sec 
(30-400 ft/min) with an accuracy of better than k0.08 m/sec (f15 
ft/min). 
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Respond in less than ten seconds to a 50% step change in nominal 
flow rate. 

Data shall be continuously logged to a data acquisition system, 
(a Standard Hydrogen Monitoring System (SHMS) or the Tank Monitor 
and Control System (TMACS)). 

2.2.2 

2.2.3 

2.2.4 Transmit a 4-20 mA signal proportional to mass flow rate. 

2.2.5 Have a design life of five years for replaceable components and 
twenty years for non-rep1 aceabl e components. 

2.2.6 Utilize electrical power from the associated SHMS cabinet. 

2.2.7 Be readily maintainable in the field. 

3.0 DESIGN DESCRIPTION 

The flow monitoring system design includes several major subsystems 
. which make up the Primary Ventilation Exhaust Flow Monitor system (see Figure 

1) .  

- The differential pressure sensing system is composed of tubing, 
valves and an airflow traverse probe that delivers the pressure 
sample to the flow meters. 

The temperature sensing system includes the temperature sensor 
and temperature transmitter, and is used to provide a temperature 
compensation signal to the flow meters. 

The enclosure HVAC system maintains the enclosure ambient 
temperature within the instruments' specified operating range, 
minimizing the data errors due to temperature change. 

The power distribution system is composed of unconditioned AC 
power for instruments and HVAC. 

- 

3.1 DIFFERENTIAL PRESSURE SENSING SYSTEM 

The differential pressure sensing system includes all the components 
that sense the total and static pressures in the exhaust duct and conduct 
those pressures to the flow transmitters. 

3.1.1 Airflow Traverse Probes 

The airflow traverse probes are used to sense total pressure and static 
pressure in the exhaust ducts. The probes utilize separate total and static 
pressure averaging manifolds. 
steel, 

They are constructed of type 316 stainless 



HNF-SD-WM-SDD-074, R E V .  0 
Page 4 o f  13 

------ 

U 

0 
N 
* 

- 

v) 
w 

3 
U > 
z 
0 

U 
-1 
D 

z 
K? 

& 
W 
p1 
0 
n! 
a 

e 

FIGURE 1 



HNF-SD-WM-SDD-074, REV. 0 
Page 5 of 13 

3.1.2 System Tubinq and Fittinqs 

to withstand the potentially corrosive gases being sampled. 
lines between the air traverse probes and the and the flow meter enclosures 
are 0.635 cm (1/4 inch) diameter for resistance to any physical damage that 
may occur. The sensing lines inside the enclosure are 0.3175 cm (1/8 inch) 
diameter for ease of construction and space saving. 
pressure conduction media, but there is no gas flow through the tubing. 

The system tubing and fittings are 300 series stainless steel in order 
The two sensing 

The tubing provides a 

3.1.3 System Root Valves and Isolation Valves 

series stainless steel. Ball valves are selected to provide positive 
indication of valve position during system operation. 
isolation valves are provided to allow removal o f  the flow meters for 
calibration. 

The system root valves and isolation valves are constructed o f  300 

Instrumentation 

The root valves serve as system isolation valves. 

3.1.4 F1 ame Arresters 

The flame arresters are constructed with a 316 stainless steel housing 
and a 304 stainless steel flame barrier and provide protection against flame 
propagation to the tank vapor space in the event of system failure on the 
other side o f  the barrier. 
with Group B gases (hydrogen). 

The flame arresters are approved per NFPA for use 

3.1.4 Filters 

The filters are constructed of 316 stainless steel and have a claimed 
filtration efficiency rating of 100% for 0.2  micron level. 
fiberglass filter media to entrap or adsorb particles, 
intended to keep the interior of the tubing and flow transmitters free of 
contamination. 

They use a 
The filters are 

3.1.4 Mass Flow Transmitters 

The flow meters used are Air Monitor Corporation MASS-tron I 1  ultra-low 
differential pressure transmitters. They feature a periodic automatic zeroing 
circuit to eliminate zero drift due to thermal, electronic or mechanical 
effects. The input pressure bulkhead connectors are constructed o f  brass. 
The tubing between the input connectors and the automatic zeroing valve and 
pressure sensor are 0.3175 cm (1/8") plastic tubing. 

3.2 TEMPERATURE SENSING SYSTEM 

The temperature sensing system includes the temperature sensor and the 
The temperature data is used by the flow meters to temperature transmitter. 

convert the flow rate data to standard conditions. 
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3.2.1 Temoerature Sensor 

i n s e r t i o n - t y p e  probe i s  c o n s t r u c t e d  o f  t y p e  316 s t a i n l e s s  s t e e l  and has an 
e x p l o s i o n  p r o o f  head. 
have a tempera ture  c o e f f i c i e n t  o f  0.00385 ohms/ohm/"C. 

3.2.2 TemDerature T r a n s m i t t e r  

t h e  RTD. I t  a l s o  measures t h e  v o l t a g e  drop  across t h e  RTD and t r a n s m i t s  a 
4-20 mA o u t p u t  s i g n a l  p r o p o r t i o n a l  t o  t h e  measured temperature.  

The tempera ture  sensor used i s  a t h r e e - w i r e  100 ohm p l a t i n u m  RTD. The 

The RTD elements conform t o  DIN s p e c i f i c a t i o n  43760 and 

The tempera ture  t r a n s m i t t e r  p r o v i d e s  a c o n s t a n t  c u r r e n t  e x c i t a t i o n  t o  

- 3.3 HVAC SYSTEM 

The f l o w  m o n i t o r i n g  system must opera te  d u r i n g  a l l  seasons on t h e  
s e l e c t e d  t a n k  farms w i t h o u t  a d d i t i o n a l  environmental  p r o t e c t i o n .  S ince  t h e  
i n s t r u m e n t s  must be a b l e  t o  p e r f o r m  d u r i n g  wide o u t s i d e  ambient tempera ture  
c o n d i t i o n s ,  an i n s u l a t e d  enc losure  w i t h  an HVAC system has been used. The 
HVAC u n i t  uses t h e r m o e l e c t r i c  c o o l i n g  and r e s i s t i v e  heat ing .  
c o o l i n g  i s  a s o l i d - s t a t e  method o f  heat  t r a n s f e r  generated t h r o u g h  t h e  use o f  
d i s s i m i l a r  semiconductor m a t e r i a l s .  There are  no r e f r i g e r a n t s  o r  moving p a r t s  
used i n  t h i s  r e f r i g e r a t i o n  method o t h e r  than a f a n  used f o r  a i r  c i r c u l a t i o n .  
The u n i t  used can supp ly  about 146 w a t t s  (500 BTU/hr) o f  c o o l i n g  and 175 w a t t s  
(600 BTU/hr) o f  h e a t i n g .  

T h e r m o e l e c t r i c  

3.4 POWER DISTRIBUTION 

The AC power i s  s u p p l i e d  f rom sources conven ien t  t o  t h e  i n s t a l l a t i o n .  
P o s s i b l e  sources a r e  Standard Hydrogen M o n i t o r i n g  System (SHMS) enc losures ,  
panelboards i n  t h e  f i e l d  o r  panelboards i n  t h e  i n s t r u m e n t  b u i l d i n g s .  Each 
f l o w  m o n i t o r i n g  enc losures  uses about 5 amperes maximum a t  120 VAC. 

4.0 SYSTEM LIMITATIONS AND RESPONSE TO CASUALTY EVENTS 

The f l o w  m o n i t o r i n g  system c o n t a i n s  t h e  pressure  samples i n  s t a i n l e s s  
s t e e l  f o r  t h e  d u r a t i o n  o f  i t s  p a t h  o u t s i d e  t h e  t a n k  vapor space. 
system i s  under n e g a t i v e  pressure  as p r o v i d e d  by t h e  t a n k  v e n t i l a t i o n  system. 
These two b a r r i e r s ,  t h e  s t a i n l e s s  s t e e l  and n e g a t i v e  pressure ,  p r o v i d e  t h e  
containment f o r  t h e  pressure  samples. 
p o s t u l a t e d  system l i m i t a t i o n s  and c a s u a l t y  events and p o t e n t i a l  responses. 

The e n t i r e  

The f o l l o w i n g  paragraphs i d e n t i f y  

__ 4.1 BREACH OF PRESSURE SENSING SYSTEM CONTAINMENT 

The f a i l u r e  o f  t h e  pressure  sensing containment components would p r o v i d e  
a p a t h  t o  atmosphere. 
p ressure ,  and r o u t i n e l y  checked d u r i n g  i t s  o p e r a t i o n a l  l i f e ,  t h e  o n l y  c r e d i b l e  
p a t h  t o  atmosphere would be f rom an a c c i d e n t .  

S ince  t h e  system w i l l  be i n i t i a l l y  l e a k  checked w i t h  
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The result o f  a system breech would be to allow inflow of atmosphere, 
raising the sensed pressure, thus providing erroneous signals to the 
analytical instruments. This will be managed administratively by Operations. 

- 4.2 TOTAL LOSS O F  ENCLOSURE POWER 

Total loss of enclosure power will terminate the flow monitoring system 
operation. Flow monitoring will be suspended until power is restored. Upon 
restoration of power the system should resume normal operation without human 
intervention. 

4.3 FLOW METER FAILURE 

Failure of a single flow meter will not totally terminate the flow 
monitoring capability. 
flow meter span. Normal ventilation flow will be within the low range span 
and gas release event ventilation flow will be within the low range span. 

The high range flow meter span overlaps the low range 

- 4.4 LOSS OF ENCLOSURE HVAC 

Loss of enclosure HVAC will affect the quality of the flow monitoring 
data. 
removed. 
controlled during loss of enclosure HVAC. 

A prolonged outage may require the system equipment power to be 
The operation of the flow monitoring system will be administratively 

5.0 OPERATION 

The operation of the flow monitoring system will permit the continual 
sensing and monitoring of the exhaust duct flow rate. Accurate flow 
measurement, in conjunction with gas concentration measurements, will allow 
quantitization of baseline gas generation as well as larger gas release 
events. 

- 5.1 SYSTEM STARTUP 

following provides a proposed sequence of events for startup. 
noted that a functional leak check should be performed before system 
energization.) 

The system startup is a minor evolution in the system operation. The 
(It should be 

5.1.1 Verify that the enclosure power is available. 

5.1.2 Energize the HVAC system and establish the enclosure 
environmental control between 10 and 35 "C (50 and 95 OF). 

5.1.3 Verify the position of all the manual valves. 

5.1.4 
indications. 

Energize each of the powered instruments and verify nominal 
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5.1.5 V e r i f y  t h e  f o l l o w i n g  parameters a re  acceptable:  

- each f l o w  meter i s  d i s p l a y i n g  t h e  same d i f f e r e n t i a l  p ressu re .  

- 

- 

(These w i l l  be s l i g h t l y  d i f f e r e n t  due t o  system t o l e r a n c e s  and 
range d i f f e r e n c e s .  ) 

each f l o w  meter  i s  d i s p l a y i n g  t h e  same temperature.  

each f l o w  meter  i s  d i s p l a y i n g  t h e  same s t a t i c  pressure.  

5.1.6 V e r i f y  t h a t  t h e  i n s t r u m e n t a t i o n  s i g n a l s  a re  be ing  t r a n s m i t t e d  and 
r e c e i v e d  by TMACS. 

- 5.2 PERFORM A FUNCTIONAL CALIBRATION ON EACH FLOW METER 

The two f l o w  meters w i l l  r e q u i r e  a f u n c t i o n a l  c a l . i b r a t i o n  on a r o u t i n e  
b a s i s .  
suppor t  personnel .  

The procedure may r e q u i r e  Maintenance, Operat ions and l a b o r a t o r y  

5.3 

r o u t i n e  b a s i s .  The procedure may r e q u i r e  Maintenance, Operat ions and 
l a b o r a t o r y  suppor t  personnel .  

PERFORM A FUNCTIONAL CALIBRATION ON THE TEMPERATURE SENSING SYSTEM 

The temperature t r a n s m i t t e r  w i l l  r e q u i r e  a f u n c t i o n a l  c a l i b r a t i o n  on a 

6.0 MAINTENANCE 

The f l o w  m o n i t o r i n g  system w i l l  r e q u i r e  r o u t i n e  maintenance t o  suppor t  
c o n t i n u a l  ope ra t i on .  D e t a i l e d  maintenance procedures w i l l  cover  t h e  genera l  
maintenance a c t i v i t i e s .  Some o f  t h e  maintenance a c t i v i t i e s ,  such as 
c a l i b r a t i o n  o f  t h e  f l o w  t r a n s m i t t e r s ,  w i l l  be per formed by l a b o r a t o r y  suppor t  
personnel .  The f o l l o w i n g  i s  a genera l  l i s t i n g  o f  maintenance opera t i ons .  

6.1 C a l i b r a t i o n  o f  each f l o w  meter. 

6.2 

6.3 

C a l i b r a t i o n  o f  t h e  temperature t r a n s m i t t e r .  

Cleaning o f  heat  s i n k  f i n s  on e x t e r i o r  p o r t i o n  o f  HVAC u n i t .  
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APPENDIX A - DRAWING L I S T  

DRAWING NO. TITLE 

H-14-100873 DOUBLE SHELL TANK PRIMARY VENTILATION EXHAUST FLOW MONITORING 
SYSTEM 

APPENDIX B - HVAC ANALYSIS 

This appendix addresses the design analysis o f  the HVAC system for flow 
monitoring system. 

Flow Monitoring System - HVAC Electrical Heat Loads 

GENERAL DESIGN DATA 

* Design Conditions: Summer: 49 "C (120 OF) 
Winter: -18 "C (0 O F )  

Wind: 112 km/hr (70 mph) 
* Interior Design Temperature: 21 f 8 "C (70f15 O F )  

ASSUMPTIONS 

* No air infiltration or exfiltration * Equipment runs continuously and is in operation simultaneously 

Flow Monitorinq Enclosure Internal Heat Sources 

QTJ Descriotion V/Hz/Ph A/ea VA 

2 Mass Flow Transmitter 120/60/1 0.156 18.7 
1 Temperature Transmitter 120/60/1 0.042 5 

TOTAL 42.4 

TOTAL INTERNAL HEAT GAIN (Q,) = 42.4 VA (watts) 

(42.4 Watts)*(3.414 BTU/Hr/Watt) = 145 BTU/Hr 
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Ambient Thermal Load 

Exposed s u r f a c e  area o f  enc losu re  (Sa) = 14.68 sq. ft. 
Maximum ambient a i r  temperature (T,) = 120 "F 
Maximum a l l o w a b l e  enc losu re  a i r  temperature (T,) = 100 "F  
I n s u l a t i o n  t h i c k n e s s  = 1" urethane 

From TECA ca ta log :  x = 0.073, y = 1.119 

Q, = XS,(T,-T,)~ = 30.6 BTU/Hr 

T o t a l  Thermal Load 

p l u s  r a d i a t e d  o r  s o l a r  l oads .  
be i n s t a l l e d  such t h a t  t h e  sunsh ie ld  i s  on t h e  south f a c i n g  s ide ,  m i n i m i z i n g  t h e  
s o l a r  l o a d .  

T o t a l  thermal  l o a d  equals  i n t e r n a l  enc losu re  l o a d  p l u s  ambient thermal  l o a d  
The suppor t  stands have sunsh ie lds  on them and are t o  

T o t a l  thermal  l o a d  = 145 + 30.6 = 176 BTU/Hr. 

The a i r  r a t i n g  o f  t h e  s o l i d  s t a t e  a i r  c o n d i t i o n e r  i s  425-485 BTU/Hr, l e a v i n g  a 
rese rve  o f  about 280 BTU/Hr f o r  any s o l a r  l oads  encountered. 



H i g h  Range 

AUTO-ZERO 

4 L I N E  DISPLAY 

AUTO-PURGE 

AP ACTIVATION 

ALARM SELECTION 

TRANSDUCER TYPE 

K-FACTOR 

FLOW TYPE 

TEMPERATURE/PRESSURE 
SELECT 

TEMPERATURE UNITS 

TEMPERATURE L INEARIZATION 

AZ INTERVAL 

SQ ROOT LOCKDOWN 

M I N  TEMPERATURE 

MAX TEMPERATURE 

M I N  PRESSURE 

MAX PRESSURE 

F u n c t i o n  S e l e c t  

I n t .  MULTIPLIER 

E x t .  MULTIPLIER 

OUTPUT 2 SELECT 

OUTPUT 3 SELECT 

OUTPUT 4 SELECT 

L I N E  1 PARAMETER 

L I N E  1 UNITS 

L I N E  1 FORMAT 

L I N E  1 ZERO 

L I N E  1 SPAN 

L I N E  1 F I L T E R  

Low Range 

ON I ON 
I I 

ON 

OFF 

INTRNL & EXTRNL 

OFF 

UNIPOLAR 

OFF 

MASS 

TEMP a n d  PRESS 

ON 

OFF 

INTRNL & EXTRNL 

OFF 

UNIPOLAR 

OFF 

MASS 

TEMP a n d  PRESS 

" F  

NOT REQUIRED 

1 HR 

10% 

0 "F  

2 0 0  " F  

2 4 . 0 0 "  H g  

3 2 . 0 0 "  Hg 

NONE 

1.000 

1.000 

TEMPERATURE 

ABS. PRESSURE 

NO OUTPUT 

TRANSMITTER FLOW 

FLOW SCFM 

FLOW XX,XXX SCFM 

FLOW 0 SCFM 

FLOW 3000 SCFM 

X m i t  F i l t e r  +2 

" F  

NOT REQUIRED 

1 HR 

7% 

0 " F  

200 " F  

2 4 . 0 0 "  H g  

3 2 . 0 0 "  H g  

NONE 

1.000 

1.000 

TEMPERATURE 

ABS. PRESSURE 

NO OUTPUT 

TRANSMITTER FLOW 

FLOW SCFM 

FLOW XX,XXX SCFM 

FLOW 0 SCFM 

FLOW 4 0 0  SCFM 

X m i t  F i l t e r  +2 

I 



I 

L I N E  3 PARAMETER 

SWITCH POSITIONS 

s2 

S3 (AZ VALVE) 

s 4  

S5 (AS VALVE) 

S6 ( C A L I B )  

S10 (DISPLAY) 

S 1 1  (CNTRLR) 

I 

JUMPER POSITIONS (J l )  

I 

H i g h  Range Low Range 

TEMP E RATU RE TEMPERATURE 

ABSOLUTE PRESSURE ABSOLUTE PRESSURE 

NONE NONE 

II . 

POS 0 

DOWN 

POS 4 

DOWN 

DOWN 

DOWN 

DOWN 

POS 0 

DOWN 

POS 4 

DOWN 

DOWN 

DOWN 

DOWN 

3 - 5  

4-6 

1 9 - 2 1  

20-22 

23-25 

3 9 - 4 1  

43-45 

4 9 - 5 1  

3 - 5  

4-6 

1 9 - 2 1  

2 0 - 2 2  

23-25 

3 9 - 4 1  

4 3 - 4 5  

4 9 - 5 1  
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