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SY-101 RAPID TRANSFER PROJECT LOW TEMPERATURE 
OPERATIONS REVIEW AND RECOMMENDATIONS TO 

SUPPORT LOWER TEMPERATURE LIMITS 

1 0 Introduction 

The SY-101 RAPD Mitigation System Design Team has completed a review of the 
system's equipment and documentation, and has made recommendations of changes 
necessary to lower the operating temperature limit from 20'F to 0°F This report 
documents the review and the changes necessary to equipment and design to achieve this 
Objective Although not explicitly stated, conditions and changes descnbed for 
components in the tank farm are. applicable to the corresponding element in the cold test 
facility This document provides a bnef background followed by conclusions, analysis of 
existing systems, and recommendations for changes 

2 0 Background 

HNF-3885 Functional Requirements and Technical Critena for the 241 SY-IO1 RAPID 
Mitigation System Section 4 3 1 11 specifies ambient temperature extremes as per HNF- 
SD-WM-BIO-001 Rev 1-A, Basis for Intenm Operation and designates limiting 
temperatures for the operation of the system to be 20°F to 100°F 
establishment of that temperature limit was the understanding that the initial transfer was 
to take place in the late summer or early fall when low temperatures are not a concern In 
addition, lower temperature limits require specialized equipment with longer delivery 
times Extended delivery times were considered an unacceptable nsk dunng the initial 
design and order phases of the project 

It is desirable to perform transfer and back dilute operations throughout the year Normal 
winter temperature ranges in the tank farms fall well below 20°F with an histoncal low 
of -23°F in 1944 Thus, it is necessary to amend the lower limit of this operational band 
to allow system operation dunng lower ambient condltions found in the winter 

3 0 Conclusions 

Analysis of all structures systems and components (SSCs) indicate that a reduction in 
operating temperature may be achieved with minor modifications to field-installed 
equipment Following implementation of these changes it is recommended that the 
system requirements be amended to specify a temperature range for transfer or back dilute 
evolutions of 0°F to 100°F 

One factor in the 

4 0 Analysis 

The following data on major SSCs utilized in the RAPID System provide a basis for the 
operating range recommended in the conclusion section above 
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4 1 New Generation Transfer Pump (NGTP) 

WHC-S-0238 Specification for Prototype Transfer Pumps with Submersible 
Motors is the guiding document for the transfer pump installed in SY-101 This 
specification requires the pump be operable when exposed to a temperature of 2°F 
(lower limit) inside the pump pit in which it is installed Also this document 
requires the pump meet the requirements of ANSVASME B31 3 It is noted that 
the only components of the pump design which are contaned within the pump pit 
are those related to conducting fluid to and from the submersible pump itself, and 
the pump's mounting flange All other operating components are contained 
within Tank 241-SY-101 

Waste contained within the tank self-generates heat and ranges from 117'F to 
130°F (per HNF-3885) We conclude therefore by inspection, that pump 
components within the tank are not affected by low ambient temperature 
excursions Since the pump s fluid handling components within the pit are 
fabncated from austenetic stainless steel per ANSVASME B31 3, s a d  
components are operable to a lower temperature limit of -20°F (as specified by 
ANSYASME B31 3 para 323 2 2) The pump s mounting flange is fabncated 
from Type 304L stainless steel and its functions are to provide structural support 
and a static sealing surface for mating with a gasket The mechanical properties 
of this matenal are effectively unchanged by exposure to a temperature of -20'F 
Further, its ability to provide a gasket sealing surface is unchanged by exposure to 
this temperature Therefore we conclude that the NGTP installed in SY-101 is 
operable to a lower limit ambient temperature of -20°F 

4 2 Prefabncated Pumu Pit (PPP) 

HNF-4169 Specification for 241 SY 101 RAPID Mitigation Prefabncated Pump 
Pit requires matenals of construction for the PPP to be steel and stanless steel 
By inspection these matenals are suitable for operation in an ambient temperature 
of OOF 

Parts utilized dunng system operation in the PPP of other than stainless steel or 
carbon steel construction include a nser gasket and a pump flange gasket The 
pump flange gasket matenal is EPDM rubber in conformance with ASTM D2000 
suffix F17, which specifies the matenal be tested for sealability to a low limit 
temperature of 4 0 ° F  The nser gasket is EPDM rubber in accordance with 
ASTM D1056 While this specification is silent on requinng low temperature 
testing of this closed cell foam-style matenal, the compound utilized is generally 
recognized by published literature to remain flexible in ambient environments as 
low as 4 0 ° F  
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An operational concern exists related to the potential for freezing fluids within the 
PPP s seal loop assembly This assembly is filled with a minimum of 9 inches of 
water dunng system operation Since this component is within the tank s head 
space, it remiuns continuously exposed to waste As previously indcated waste 
temperatures remiun above 117'F under any ambient temperature condmons As 
a consequence of its continuous exposure to this heat source we conclude 
ambient temperatures as low as OOF will not result in freezing of the seal loop fill 
fluid 

4 3 Transfer Pumu Piuing Manifolds 

HNF-4170 Technical Specification for 241 SY 101 RAPID Miragation Transfer 
Pump Piping, requires that piping manifold assemblies installed within the pump 
pit be fabncated from per ANSUASME B31 3 Further the specification directs 
that the manifolds be fabncated from austenetic stainless steel components As 
noted above paragraph 323 2 2 of ANSUASME B31 3 specifies that such a piping 
system is operable to a lower temperature limit of -20'F 

Non-stamless steel matenals utilized in the manifolds construction include soft 
seals contiuned within installed valves and gasket matenals utilized to seal 
flanged and PUREX connector joints Manufacturer s literature contained in 
Certified Vendor Information (CVI) file 50071 specifies soft goods installed in the 
valves consists of (32000 PEEK, a propnetaq polymer and graphite Per 
published information on file at the valve manufacturer s facility G2000 PEEK is 
suitable for operation to an ambient temperature of 4 0 ° F  (though a marginal 
increase in valve operating torque may result) Graphite gaskets utilized in valve 
construction are suitable for ambient temperatures equal to or below -20'F by 
inspection due to the low coefficient of thermal expansion associated with this 
matenal Sealing matenal utilized in PUREX connectors is virgin TFE Per data 
published by its manufacturer TFE is suitable for applications exposed to 
temperatures as low as 4 5 0 ° F  Gasket matenals are Garlock Blue-gard Style 
3000 and EPDM per ASTM D2000, including suffix F17 The Garlock matenal 
is certified by its manufacturer to be appropnate for use in ambient temperatures 
to 4 0 ° F  ASTM D2000 suffix F17 specifies matenal is to be tested for 
sealability to a low temperature limit of 4 O O F  

An operational concern exists related to the potential for freezing fluids within the 
manifolds This concern is addressed by procedures now in place which dictate 
the process fluid introduced into the manifolds is miuntamed well above the 
freezing point (low dilution temperature alarm) and that manifolds be drained 
after transfer flushing or back dilute evolutions 

3 o f 9  



RPP-5610 Rev 0 

4 4 Hose and Hose Assembly 

According to published manufacturer s literature incorporated in CVI file 50071, 
the matenals of construction of the hose and hose assembly utilized as an above- 
ground transfer line in the RAPID System are suitable for use at temperatures 
ranging from -40'F to 220'F Additional literature in the CVI file supplement 
related to this component indicates the current draw requirements for start-up of 
the transfer line's heat tracing do not exceed the selected circuit breaker's rating 
(30 A) until ambient temperatures fall below 0°F 

4 5 Drou Leg. Assembly 

The pnmary stainless steel and concrete matenals utilized in the construction of 
this component are suitable for ambient temperatures as low as -20°F by 
inspection As with piping manifolds descnbed above piping components within 
the drop leg are fabncated from austenitic stainless steel and in accordance with 
ANSI B31 3 As such metallic components within the drop leg assembly are 
suitable for use to ambients as low as -20°F 

Soft goods utilized in the construction of the assembly include Garlock s Blue- 
gard gasketing matenal (see transfer piping manifold comments above) suitable 
to 40°F, and a sealing insert in the bulkhead conduit fitting which allows pass- 
through of the drop leg s leak detector cable According to the Hanford site s 
NEC inspector, this electncal component is intended for outdoor use in 
installations throughout North Amenca, and is by his inspection acceptable for 
use to an ambient temperature of -20'F 

4 6 Instrumentation and Control Eauipment 

Instrumentation and control equipment utilized in the RAPID system consists of 
multiple components installed in several locations We anticipate no problems 
with temperatures as low as OOF provided heat is added to the SY101-WT-CP- 
350A and POR32-RW-CP-401 panel as proposed in ECN 656866 and work 
package 2W-99-01661M Detiuled analysis of each component is given below 
organized by mounting location A summary of the temperature limits of these 
components is found in Attachment A 

Indicating lights relays switches terminal blocks and pushbuttons are not 
individually considered These devises are resistive or conductive in nature, and 
have no credible failure mode due to low temperatures in the range of -20°F 

4 6 I MCC (SY272) and Eauwment mounted in Dane1 SY46I WT CP 350B 
in the DACs Trailer 
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As the vanable Frequency Dnve and the supervisory control panel are 
installed within temperature controlled buildings maintamed at a nominal 
temperature of 70°F, low ambient temperatures have no impact on these 
components 

4 6 2 Leak Detector Stations, Includinn the Local Panel, Alarm. and Leak 
Detection Element 

This project utilizes two leak detector stations labeled SY101-WT- 
LDSTA-101 located near the Prefabncated Pump Pit and SY102-WT- 
LDSTA-102 located near Riser 007 on SY-102 Leak Detector Stations 
are the subject of an environmental analysis contained in "F-SD-WM- 
ER-736, Rev 0 Intrinsically Safe Leak Detector Circuit Design 
Descnption which concludes the leak detector stations are suitable for use 
in ambient temperatures down to -20°F 

4 6 3 Prefabncated Pumu Pit (PPP) 

Four types of instruments are installed within the PPP These include 
pressures switches temperature elements pressure elements, and a flow 
element The two pressure switches SY101-WT-PS-370 and PS-371 are 
manufacturer rated to a low ambient temperature limit of -30'F The 
pressure element SY101-WT-PE-368 is rated to a low ambient 
temperature limit of -40°F A magnetic flow meter element, SY101-WT- 
FE-367 is rated to a low ambient temperature limit of -4'F Each of the 
referenced manufacturer rating can be found in CVI file 50071 Two 
temperature elements SY101-WT-TE-369 and 373 are both RTD type 
elements This type of element is not affected by low temperatures in the 
-20°F range 

4 6 4 Field Control Panel, SYIOI-WT CP 350A 

A number of components warrant consideration of the effects of low 
ambient temperature These include the annunciator, pressure 
temperature, and flow indlcators, and temperature transmitters 
Annunciator SY 101-WT-ANN-350A has a low ambient temperature limit 
of -40 O F  How and temperature indicators SY101-WT-FI-367A SYlOl- 
WT-FI-419 SYlOI-WT-TI-369A and SY101-WT-TI-373 are rated to 
-40'F Temperature transmitters SY 101-WT-TT-369 and SY101-WT-TT- 
373 have a limit of 14'F Pressure indicators SY101-WT-PI-368 and 
SY101-WT-PI-420 is rated to a low ambient limit of 32°F Mounted 
outside the cabinet is SY101-WT-FQIT-367 which is rated to -4'F The 
low temperature ratings listed above are found in manufacturers literature 
found in CVI file 50071 
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Analysis performed dunng the design phase determined that the 
components within this cabinet provide sufficient self heating to maintam 
a minimum of 32'F with an outside ambient of 20°F For ambient 
temperatures lower than 20°F heaters would have to be added to the 
panel ECN 656866 and work package 2W-99-01661iM is to add 400W 
of heat to SY101-WT-CP-350A This is sufficient heat to maintam a 
minimum temperature of 32°F inside the cabinet with an ambient 
temperature of 0°F (See Attachment B) 

The two pressure indicators have a low temperature limit of 32°F These 
instruments are mounted with their faces somewhat exposed Concerns 
have been raised that the LED &splay and the controlling circuitry could 
be exposed to temperatures sufficiently low to affect the instrument Three 
factors mitigate this concern First, a clear, NEMA 4 cover is placed over 
the face of these instruments This helps hold the heat being generated 
within the cabinet by these and other pieces of equipment Second, phone 
conversations with the manufacturer s engineers indicate that the 
instruments should be functional to ambient temperatures as low as OOF 
Last in addition to the heaters being added cold temperature functional 
testing found these inmcators performed satisfactonly with temperatures 
as low as -10°F See Attachments C and D 

4 6 5 Water Skid 

Instrumentation contained on the water slud includes temperature sensing 
elements, a temperature controller a pressure indicating transmitter and a 
flow element with integral indicator Temperature elements POR32-RW- 
TE-410 TE-412 TE-413 TE-414 andTE-415 are all type J 
thermocouples These elements are unaffected by the temperatures in the 
range of -20'F According to the manufacturer temperature elements 
POR32-RW-TE-411A and 41 1B as well as the temperature controller 
POR32-RW-TC-411 are rated to -40'F 

The pressure indicating transmitter POR32-RW-PIT-417 is rated to - 
22°F The flow element and transmitter, POR32-RW-FE-418 and POR32- 
RW-FQIT-418 are rated to -40'F This information is found in CVI file 
5007 1 

4 6 6 Valve and Instrument Stand 

The valve and instrument stand has a pressure element, POR32-RW-PE- 
420 and a flow element and transmitter POR32-RW-FE-419 and POR32- 
RW-FQIT-419 Based on information contamed in CVI file 50071 all 
three instruments are rated to -40'F 
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4 6 7 Water Skid Control Panel, POR32 RW CP-401 

Control panel POR32-RW-CP-401 houses several instruments requinng 
review of operability in cold conditions These include four temperature 
controllers a temperature indicator, a panel cooler flow total flow and 
pressure indicators, a power supply a back up unintermptible power 
supply (UPS) two run time meters a PLC, and two vanable speed dnves 
(VFDs) In addtion, a transformer is located behind the panel 

According to the vendor the transformer, POR32-RW-XFMR-401 has no 
lower temperature limit as it has no liquid cooling system The UPS 
POR32-RW-UPS-401 is rated for -40°F The power supply is rated for 
32'F The cabinet cooling thermostat, POR32-RW-TC-401 is adjustable 
from 30°F to 150'F and is impervious to damage from low temperatures in 
the ranges in question The power supply is rated to -4'F The run time 
meters POR32-RW-HM-401 and 402 the PLC, and the two VFDs 
POR32-RW-MC-401 and 402 are all rated to 32°F With the exception of 
the transformer, all of these components are entirely contamed within the 
control panel which will be maintained at a minimum of 32°F 

Analysis performed dunng the design phase detemned that the 
components within this cabinet provide sufficient self heating to maintain 
a minimum of 32°F with an outside ambient of 20°F For ambient 
temperatures lower than 20°F heaters would have to be added to the 
panel ECN 656866 and work package 2W-99-01661/M is to add two 
200W heaters to POR32-RW-CP-401 This is sufficient heat to maintain a 
minimum temperature of 32°F inside the cabinet with an ambient 
temperature of OOF 

All of the indicators and indicator controllers are rated to 32°F These 
instruments are mounted with their faces somewhat exposed Concerns 
have been raised that the LCD/LED displays and the controlling circuitry 
could be exposed to temperatures sufficiently low to affect either the 
indication or the switching functions of these instruments To allay these 
concerns heaters are being added and cold temperature functional testing 
has been performed Testing found these indcators performed 
satisfactonly with temperatures as low as -10°F See Attachments C and 
D 

4 7 Water Slud 

Major systems on the Water Slud include the structural components piping 
hoses, regulators and valves The water slud piping, tank, and accumulator were 
analyzed for low temperatures in "7-4359, Rev OC The analysis concluded 
that these components were sufficiently heat traced to start up at 0°F and operate 
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at -20'F By inspection, the manual valves on the water slud are capable of 
withstandmg temperatures as low as -20'F and additionally are heat traced 
Based on information in CVI file 50071 the pressure relief valves POR32-RW- 
PRV-401 and 402 are rated for temperatures between -60°F and 406°F Neither 
POR32-RW-REG-402 nor POR32-RW PCV-401 have operating temperature 
ranges established by their manufacturers Both the regulator and PCV are simple 
mechanical devices with no anticipated failure modes due to temperatures in the 
range of -20°F Conversations with the vendors concurred with that assessment 

All instrumentation components are covered in the instrumentation section 

The sight glass has been a point of concern regarding cold temperatures Dunng 
operation the water temperature is in the 120 to 130°F range, providing a 
convective heat source for the sight glass The tank manufacturer has never had a 
reported falure of the sight glass similar in design to ours using water at 
temperatures in the 120 to 130°F range as the process fluid The sight glass is an 
Excelon R-4000 clear tubing matenal, which would tend to crack rather than 
shatter should the tube freeze Upon thawing, a slow leak would ensue and the 
sight glass can be isolated with an insulated valve ECN 656862 and work 
package 2W-99 01600/M, adding heat trace to the sight glass have been 
completed Furthermore the tank is drained per standard operating procedures 
dunng dmse and cold temperatures 

POR32-RW-SOV-401 a general service component has a recommended cold 
temperature limit of 40°F According to the vendor, the concern is potential 
condensation initiating shorts in the motor operator controlling the valve position 
The valve is heat traced and insulated The motor operator is in a NEMA 4 
enclosure directly above the valve The path for moisture is through the conduit 
Under operating conditions, the warmth of the process fluid and/or heat trace 
provides sufficient heat to prevent condensation in the motor operator When the 
slud is not in use the valve is left open and the storage tank is left empty Dunng 
the initial operation of the slud, water is run through the system to fill the tank 
This is a process that should take several minutes providing sufficient time to 
warm up the motor operator and dnve off any condensation present In this 
application condensation is not considered a credible issue 

4 8 Valve and Instrument Stand 

The Valve and Instrument Stand frame and other structural components are 
fabncated from structural steel which is, by inspection, suitable for use in 
ambient temperatures as low as -20°F The valve installed on the Instrument 
Stand is fabncated from carbon steel per the requirements of ANSI B31 3 All 
instrumentation components are covered in the instrumentation section 
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5 0 Eauipment changes reauired 

Based on the analysis detaded above, the following field modifications will be necessary 
to implement the recommended revision to the system's operating temperature range 
These modifications include installing heaters in field control panel SY 101-WT-CP-350A 
and Water Slud control panel POR32-RW-CP-401 per the requirements of ECN 656866 
and work package 2W-99-01661hl to ensure internal temperature is maintamed above 
32'F under ambient conditions at or below OOF 
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ATTACHMENT A 

SUMMARY TABLE FOR LOW TEMPERATURE LIMITATIONS OF 
INSTRUMENTATION USED IN SY-101 RAPID PROJECT 

(CONSISTING OF 3 PAGES, INCLUDING THIS ONE) 

PageA 1 
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ATTACHMENT B 

HEAT REQUIREMENTS FOR CONTROL CABINETS SYlOl-WT-CP-350A 
AND WATER SKID POR32(33)-RW-CP-401 

(CONSISTING OF 5 PAGES, INCLUDING THIS ONE) 



FLUOR DANIEL NORTHWEST CALCULATION IDENTIFICATION AND INDEX 

Tlus sheet shows the status and desmphon of the anached Cdculahon Sheets 

Disciphne ELECTRICAL 

Project No &Title 

Calculabons 

SY 101 RAPID Mbgatiotr Transfer 

Heat Requments for Control abnets  SYlOI WT CP 350A and Water Shd WR32(33)-RW CP-iOl 

c . I c  No E 1 

TO Job No RAPID 

Date D s  7 1999 

These calculations apply to 
Drawmg No H 14 103653 Sh 2 Rev No 1 

DrawmgNo H 14 103672 Sh2 Rev No 1 

Other(Study CDR) NIA 

Rev No 

The status of these calculatlons is 

13 Prellrmnary Calculations 

Fmal Calculahons 

0 
0 Void Calculations (reason voided) 
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Were calculations venfied by lndepaulent check calculahons? 0 Yes No 

Calculahon Sheet 
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1 
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Appmdix A 

Control Panel SYlOl WT CP 350A Heat loss aad Temperahue RIse 

Control Panel POR32(33>RW-CP-401 Heat Loss and Temperahut RIX 

HofFman Electnc Heater, Sumg and Selecbon 
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FLUOR DANIEL NORTHWEST Calc No E 1 

DESIGN ANALYSIS Revision 0 

2 of - Page No 1 

:bent RAPID SY 101 Mtigatton Transfer ContractlJob No RAPID 
subject Heat Requuements for Control Cabmets SYlOI WT CO 

350A and Water Shd POR32(33kRW CP401 OngmtedBy RE Manman Date Dec 7 1999 

CheckedBy C M Monasnuth Date Dec 7,1999 

.ocation I200 Jadwm, kchland Revised By Date 

statement of Problem 

Waste transfer from tank SY 101 to SYlOZ may occur dunng cold weather The FSAR list a low temperature for the Hanford me as -23" 
: m 1944 An evaluahon of cold weather effects on electncal equpment was conducted for temperatures as low as -20" F Common 
:lectncal equpment such as power and control cables plug ins enclosures operator controls (such as push buttons and mhcator lights) 
varmng llghts conduts and supports are commonly subjected to wnter condIhons includmg the temperature level menhoned above It is 
:ommonly recommended by manufactures that equpment (cables and flexlble fittmgs specifically) not be mtalled dunng low 
emperature condhons 

3ectncal Equpment considered for opemon at -20" F ambient was as follows 

A Vanable Frequency Dnve for Transfer Pump Thrs eqlupment is located mside a heated buldmg and 
thus w l l  not be affected by low temperatures 

B Cucut Breakers All cucut breakers are located m heated buldmgs and thus wlI  not be affected by low temperatures 

C Power and Control cables Suitable for operahon at these temperatures but not for general handlmg 

D Enclosures condut systems push buttons and mdicator/warmng llghts These systems have a m m u m  of movlng parts 
and wll not be affected by the low temperature Movtng parts wll be m i d e  heated enclosure 

E EleCtrONC eqlupment (transducers mdIctmg meters annunclittors power supplies VFD s) have manufacture operahng 
temperature low lirmts of 0' C (32" F) As such the control panels that c o n m  these components and are located outside requue 
supplemental heat Two control panels meet these condmons see temperature calculahons #1 and #2 below Emsbng ambient 
heat supplied from component losses is a benefit dunng cold penods and is a factor m the calculahons 

Calculahons are based on Hoffman Catalog 1997-1998 electnc heater appllcahon sechon P 9 86 see Appendu A 

1 Control Panel SYlOl WT CP 350A 

TlUs panel contams mdcahng lnstnunents transrmtter power supply annunciator electro mecharucal relays and an 
alarm horn 

Sizmg and Selechon 

Step 1 Enclosure (36 x30 x16 ) surface area= 2[(36 x30 )+(36 x16 )+(30 x16 )I1144 /sqfi = 30 sq fl 
4 

Step 2 See Graph attached for uNnsulated enclosure Desued temperature 32' F ambient -20' F results m a  52' F nse 
needed From graph approxlmately 700 Watts of heat is q w d  

Equpment losses Indrcahng Meters 6 @ 2 0 W  = 120W 
(estunated) Annunciator 1 @ 2 0 w  = 2 0 w  

Power Supply 1 @loo w = 100 w 
Relays 4 @  5 w =  2 0 w  
Temp Transnutter 2 @ 2 0 W =  40W 

Sub total (losses) 300 W 

Step 3 Supplemental Heat requued 700 W - 300 W = 400 W 

Therefore Use one 400 W standard heahng u t  wth bult  m thermostat and fan Hoffman 400 W 115 V 60 
Hz 3 3 A m p  61b CatNoDAH4001B 

E NW 123B(J/98) Q y e  6 - 3  
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FLUOR DANIEL NORTHWEST Calc No E-1 

DESIGN ANALYSIS Revlsion 0 

2 of - Page No 2 

Client RAPID SYlOl Mtigatmn Transfer ContractlJob No RAPID 
Subject Heat Requments for Control Cabnets SYlOl W-CO 

350A and Water Shd POR32(33>RW-CP-401 OngmatedBy RE M m a n  Date Dec 7 1999 

Checked By C M Monasnuth Date Dec 7,1999 

Location 1200 J a d w  Rxhland Revised By Date 

I 2 Water S h d  Control Panel POF32(33) RW CP-401 

Tlus panel has a slrmlar type of eqrupment as the panel above plus two Vanable Frequency Dnves (VFD) The WJJ 
uluts have a rrrrmmum operatmg temperature requuement of 32 e F wluch IS the controllmg temperature 

Sumg and Selecuon 

Step 1 Enclosure (62 x60 x12 ) swface area = 2[(62 x 60 ) + (60 x 12 ) + (62 x 12 )] / 144 sq d s q  A = 72 sq A 

Step 2 See Graph, attached for UtllIlSulated enclosures Desued temperature 32" F ambient temp -20" f results m a 
52 O F  nse needed From graph approximately 1 000 Warn of heat IS requued 

Eqrupment losses Temp controller 
(estunated) Indmtmg Meters 

Flow Totallzer 
PLC 
Temp Controller 
Relays 
Power Supply 
Contactor 
WJJ (2) 20 HP (90% e@ 
Hour Meter 
Power Dist Equip 

Subtotal (losses) 

5 @ 2 0 w  = 1oow 

l @ l O W =  low 
l @ l O W =  low 

7 @  5 w =  3 5 w  
1 @lOOW = 1 o o w  
l @ l O W =  low 
2 @  5 w =  low 

2 @ 2 0 W =  4 0 W  

1 @ 4 O W =  4 0 W  

1 @300 W = 300W 

1 @  3 0 W =  30W 

I Step 3 Supplemental Heat r e q w d  1 000 - 685 W = 3 15 W 

685 W 

Therefore Use two 200 W standard heabng wts tvlth brult in thermostat and fan Hoffman 200 W 115 V 60 
Hz 17Amp41b CaLNo DAH2001A 

Appenhx A - Hoffman Electnc Heater simg and selemon 

I 
E NW lZ3B (Ji98) 



A p p l i c a t i o n  

Designed to piorect sensitive mech n c I 
electrical nd electronic e q q m e r r  from rte 
hirmful  e+cts of condensation COI rosion and 
low temper t ~ r e s  Thermosrz iczlly cor ro1 ed 
fan dmen he ter units m inti in a si ble 
temperature w x h n  e i c  osures o critic I 
components ran perform more reltz5ly oIer a 
longer period of time 

Step 3 4 
Selecr the electric heater chat  achieves the 
desired temperature rise In our example the 
desired temperature rise IS 30 F (60 F 30 F)+- 
The 200 watt heater should be selected since 
INS temperature rise (35 F) exceeds the 
requirement. 

S i z i n g  a n d  S e l e c t i o n  

E x a m p l e  

Which electric hearer nou ld  ncf t  eYicieirly 
maintain a 60 F rempeiature in an uninwl red 
24x24~10 enclosure rhar IS exposed to a 
temperature not less than >G F '  

S t e p  I 
Calculate the rorzl enclosure suiJ ce area 

Area (fr) 2[(AxB)+(AxC)+(ExC)] - 1 4 4  
where A B C are rhe dimensions of the 
enclosure 

0 WlW24 100 230 $a63 06 4M (1611 

0 W2WlA 200 115 50160 1 7  4 00 (1 81) 

0 !.HZc"m 200 230 50160 0 9  4 00 (1 611 

W 1 8 ,  4w 115 - 50160 3 3  6 W  (272) 
400 230 5060 1 7  600 (272) 

D AHH8MlB 800 115 5wM) 6 5  6 W  l2.72) 
0 wlma 800 230 5a60 3 3  600 1272) 

- 

In our example9 

Area = 2[(24x24)t(24xlG)+(24~10)]+144 

Step 2 
Using the graphs draw a vertical h e  through 
the enclosure surface area 2nd determine the 
remperatuie ri e given by each he er 

For enclosures exposed to windy conditions 
heaters should be oversized by approximately SOX 

C o n s t r u c r i o i  

A r a c  ive ard dur 5 e toL ng I S  nodi ed 
1, m I n Y n 

iLermcs t ~c i d  en 'I UTI I 81 i d p  able 
f i -nOF o I G G F ( l 8 C r o  S C )  
r n I r  n s  cool 21r 'I om be bo om of the 
e clowte d F I es his ir cro s the 
t e r n c r i  r d  Le t i2  e e r e  i s  be'cie bei?g 

l e ~ e  seo lr o W C I C  i e  c v t y  
Pe cd air is  c sclizrged r h i o q h  t t e  top c f  
Le he er un t 

Four 10 32 x el'bppirg s c r e n s  re included 
WI 'reach he er 
6 II beamg L n  runs cor t iwo is ly  for e ~ e n  
tempera "re disrribu ion 
Terminal block bas three 6 32 screw 
1~rminals uith bairierr I beled for power and 
ground connecuons 

- 

Finish 
Anodized h n i n u n  

l n d u s t i y  S t z n d a i d s  

UL Component Reccgnired 
CSA Listed 

In tcl12tton 

Po% 1 elec I ic he err sLculd t e  cer eled 
low s pcrrh 'e on an ir e r  or eiclc U I ~  

T l i s  p e r m  t t e  unit to Le t he coo1 
loc ed t the bot om cf he erclosure For 
mzximun eiiciency the t e 2  er shcLld be 
noun  ed tn a vert~czl pes lcn nj h be 
teirrin I block to t t e  Sa o n  nd he $r 0, 
cpeningi 2 1  r t e  op Ho, i e r  the L n i t  \ I I I 
e fectl, ly 68s ribLte he t If ruined FO l e g i c e s  
u t'r rhe e r rnml  block OLt  I t e  bcr om nd 
tbe ir OL let t the side A' hough enclosure 
p riels re pre'er ble he ell  m y be lnsulled 
on ary 1 r sheer met I s ~ r f  ce Do nct  in 
he ters 01 x c o d  panels 

He t se SI  ,re componerrr should not be 
placed ~ e ~ r  the hea er d sch rge area since ths  
air c in he qui e waim T t e  clearance range 
defirer r+e sp ce i t a t  n L s t  be ke;t 'rrce of 
these cor-po,enrr for p c?er and r& 
aper t i o i  of the  he ter 

EWLCSL- 5- ACE AR A IS0 FT I 
C2633-2 

Standard  Sizes Electric H e a t e r s  
Catalog \\eight 
I umber \ram Vollage Hz Amps Ib (kg1 
D W11WlA 100 115 50163 0 9  4 00 (1 611 

9 86 @I997 Hoffman Engineering Company 
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ATTACHMENT C 

TEST PROCEDURE FOR COLD TEMPERATURE TESTING OF SY-101 RAPID 
MITIGATION PROCESS INSTRUMENTATION 

(CONSISTING OF 6 PAGES, INCLUDING THIS ONE) 
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Test Procedure for Cold Temperature Testing of SY-101 RAPID Mitigation 
Process Instrumentation 

Introduction 

With the high probability of cold weather operation of the SY-IO1 RAPID Mitigation System at 
temperatures as low as 0" F investigation by engineering personnel into the capability of the system to 
operate at these cold temperatures has been undertaken As a result, heating devices in several 
instrument panels and on a water tank sight glass have been added to the design and are to be 
installed in the near future A question has arisen concerning the documented ambient temperature 
rating of several panel meters Specifically some of the meters have a stated operating temperature 
ranges from 0" to 60" C (32" to 140" F) but a conversation with one of the vendors product engineers 
revealed that this temperature rating applies primarily to the electronics portion of the meters Since 
the panels in question have, or will have heaters installed which will maintain at least 32" Fat all times, 
the same product engineer is of the opinion that the meters will operate below 0" F However no 
documentation to support this opinion is readily available 

The Engineering Testing Laboratory 305 Bldg/300 Area, has a large environmental chamber which can 
be used to test these meters to as low as -1 5" F and probably to 20" A small steel test box 
(approximately 2 0  x 2 0  by 7 ) placed inside the environmental chamber can be used to hold the panel 
meters This steel box would have a thermostatically controlled heating device with a small interior fan 
to maintain the panel electronics at 32" F The temperature of the chamber (outside the steel box) 
could be incrementally lowered to at least 0" F while front panel indication of the meters could be 
viewed through a 2 0  x 20 viewing port An unchanging, controlled 4 20 ma signal could be looped 
through the panel meter(s) to also determine any inaccuracies at different temperatures This test 
would provide documented empirical evidence as to the operating range of the panel meters 

Test Item 

At least four different types of panel meters are to be tested These are 

1) Red Lion Model CUB4LP Loop Powered Process Indicator 
2) Red Lion Model PAXP Process Input Panel Meter 
3) Sensotec Model GM Panel Indicator 
4) Watlow Series V4 Temperature Controller 

Each of the test Items will be mounted in a 20" x 20 x 7 steel Hoffman Type 4 Instrument Enclosure 
per the layout shown in Figure 1 The enclosure shall be mounted inside the 3 x 3 x 3 environmental 
chamber 

Each of the instruments inside the instrument enclosure shall have an external 4-20 ma loop circuit 
attached to it This loop shall originate outside the environmental chamber and shall act as an 
independent source signal by which to judge the performance of the instruments at different 
temperatures The Watlow controller may also be set up to have a thermocouple input in addition to 
the 4 20 ma loop also originating from outside the environmental chamber, which shall remain at a 
constant value 
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A thermostatically controlled heating device inside the enclosure shall maintain the temperature inside 
the enclosure at 32 +Ob4 "F A second thermostat shall control the temperature outside the enclosure 
(inside the environmental chamber) at preset temperatures ranging from 32" F to 20" F - or as low as 
the instrumentation will operate properly or as low as the environmental chamber will go (Note 20" F 
approaches the lower temperature limit of the environmental chamber due to the limiting refrigerant 
characteristics Also, the heat load introduced by the enclosure may make this temperature 
unreachable ) 

The instrumentation shall be set up to show a front panel indication of 0 with a 4 ma input signal and 

The Watlow controller shall be setup to have a type K thermocouple input from an external temperature 
calibrator which can vary the input temperature signal between 100" F and 130" F The controller shall 
be programmed to activate an internal switching relay to turn on when the temperature reaches 120°F 
and to turn off when the sensed temperature reaches 125" F 

Should the instrumentation being tested not perform properly at a low ambient (chamber) temperatures 
the option of increasing the enclosure interior temperature may be considered This option would allow 
engineering to upgrade existing equipment heating systems to sustain a higher interior temperature 
allowing the use of the existing instrumentation 

A test data sheet attached shall be used for each test to document the pertinent equipment 
identification, test ID input signals temperatures and elapsed times for testing 

100 ' with a 20 ma signal 

An instrument will be considered acceptable if two conditions are met First, the panel indication 
agrees with the input signal within its documented accuracy Second the display is readable in normal 
daylight conditions The instrument shall be subjected to sequentially decreasing temperatures until 1) 
the instrument fails to operate or 2) the environmental chamber is unable to decrease the temperature 
any lower or 3) a temperature of 20°F is reached 

SUDDOl?illCl Test Eauipment 

The following equipment will be needed for accomplishing the test 

Environmental chamber of sufficient size to contain 20 x 20 x 7" steel enclosure and have 
capability to develop temperatures as low as 0" F and possibly as low as 20°F 
Calibrated (NIST traceable) temperature gage with usable range as low 20°F 
Temperature controller capable of controlling the power supplied to the installed heating device 
(120VAC 5 amps) with ability to accept J or K type thermocouple inputs for temperature sensing 
Heating device of adequate size to maintain at least 32" F inside the enclosure which can be 
mounted in the bottom portion of the enclosure 
Small fan installed in the enclosure to provide adequate mixing of air around indicator electronics 
3 6  x 36" x 3 6  environmental chamber with capability of temperatures as low as at least 0°F and as 
low as 20" F if possible 
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Loop 4 to 20 ma signal transmitterhdicator which is either calibrated to NlST traceable standards 
or able to verified by such equipment (secondary field calibration) 

Test Procedure 

With the instrument enclosure mounted inside the environmental chamber, apply power to the 
instrumentation the enclosure heater and the enclosure fan Set the enclosure internal 
thermostat setting to 32°F 

Apply power to the signal transmitter(@ for the 4 20 mA signal and the thermocouple input 
Vary the signal input over the desired range to ensure the instruments are reading properly For 
the 4-20 mA signal, 4 mA input should indicate 0 and 20 mA should indicate 100 For the 
Watlow controller the thermocouple input should read directly the input temperature signal and 
should activate its switching relay at 120 and 125°F 

With the environmental chamber door secured apply power to the chamber and set its 
temperature controller to 20" F 

Monitor temperatures inside both the enclosure and inside the environmental chamber while the 
temperature drops and the chamber temperature reaches 20" F 

If no problems occur during the time required for the chamber temperature to drop to 20°F 
allow the chamber temperature to remain at 20°F for at least 30 minutes Ensure that the 
internal temperature of the enclosure stays at 32 +0/-5"F Vary the input signals as in step 2 
and record pertinent information as required on the Test Data Sheet If the instruments fail to 
operate properly Attempt to increase the internal enclosure temperature in 2°F increments until 
the instrument begins to work properly Record this corrected temperature 

If step 5 is successful repeat the step except set the chamber temperature to 0°F 

If step 6 is successful repeat the step except set the chamber temperature to 20" F or as low a 
temperature as the chamber can go 

Upon completion of the tests bring the chamber up to room temperature After the enclosure 
and the instrumentation reaches room temperature repeat steps 3 through 8 twice more 
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Figure 1 
20" x 20" x 7" Enclosure Front Panel Layout 

SY 101 RAPID Mitigation System 
20 x 20 Instrument Panel Cutout Scheme 

Page C 5 



RPP-5610 Rev 0 

Test Data Sheet for Cold Temperature Testing of SY-101 RAPID Mitigation 
System Process instrumentation 

Date Test Number 

Enclosure Temperature "F 
Chamber Temperature "F 
Test Duration Minutes 

Instrument Indications 

I I I I I I 

Watlow Switching 

Temperature at which Watlow Controller switched on with input lowered from 130" F to 
115°F 
Watlow #1 "F Watlow #2 "F 

Temperature at which Watlow Controller switched off with input raised from 115" F to 130°F 
Watlow #1 O F  Watlow #2 "F 

Test Equipment Information 

Temperature Calibrator Manufacturer and Model Number 
Temperature Calibrator Calibration # and Expiration Date 

Loop Transmitter Manufacturer and Model Number 
Loop Transmitter Calibration Expiration Date 

Environmental Chamber Manufacturer and Model Number 

Test Personnel Verification 

Namenitle Signature 

Namenitle Signature 
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ATTACHMENT D 

TEST RESULTS FROM COLD TEMPERATURE TESTING OF SY-101 
RAPID MITIGATION PROCESS INSTRUMENTATION 

(CONSISTING OF 5 PAGES, INCLUDING THIS ONE) 
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Test Results From Cold Temperature Testing of SY-101 RAPID Mitigation 
Process Instrumentation 

introduction 

This document describes testing recently carried out on SY 101 RAPID Mitigation System process 
instrumentation The testing follows the test plan Test Procedure for Cold Temperature Testing of 
SY-IO1 RAPID Mitigation Process Instrumentation (Attachment C) The purpose of the testing was 
to determine the performance characteristics of several process instruments used on the Mobile 
Water Support Skid (POR 32 and POR 33) as well as one instrument used on the 350A panel 

With the high probability of cold weather operation of the SY-IO1 RAPID Mitigation System at 
temperatures as low as 0" F or lower investigation by engineering personnel into the capability of 
the system to operate at these cold temperatures was undertaken As a result heating devices in 
several instrument panels and on a water tank sight glass have been added to the design A 
question has arisen concerning the documented ambient temperature rating of several panel 
meters Specifically some of the meters have a stated operating temperature range from 0" to 60" 
C (32" to 140" F), but a conversation with one of the vendors product engineers revealed that this 
temperature rating applies primarily to the electronics portion of the meters Since the panels in 
question have or will have heaters installed which will maintain at least 32" Fat  all times, the same 
product engineer is of the opinion that the meters will operate below 0" F However no 
documentation to support this opinion is readily available There is also a question of whether or not 
the front panel display which could be exposed to much lower temperatures than the heated internal 
electronics would fail to function properly 

Specifically, this testing was performed to see 1 )  how much error would occur relative to a known 
signal input as seen on the front panel indication at various operating temperatures 2) the ability of 
the Watlow temperature indicator/controllers to switch internal relays at these various operating 
temperatures and 3) how the various temperature extremes would impact the performance of the 
front panel displays Additional details on the scope of the testing is found in the test plan 

Test Method 

The test methodology is found in the attached test plan however some changes were made as 
follows 

Only the Red Lion PAXP and Cub4 indicators used a 4 20 mA external loop signal The Watlow 
Temperature indicator/controller used a type J thermocouple input exclusively while the Sensotec 
used a 0 to 5 VDC strain gage input The thermocouple input was provided by an Omega 
temperature calibrator which allowed a convenient adjustment of simulated temperatures The 
strain gage input was provided by a small thin beam load cell that was left in a constant non loaded 
condition during testing 

Each of the four instrument types were set up or calibrated' at room temperature (approximately 
72°F ) In the case of the Red Lion indicators, the 4 20 mA signal was set to provide an indication of 
0 with a 4 mA signal and 100 with a 20mA signal This gave an indicated span of 100 The 

Watlow indicators were set up with a span of 32 to 200°F - the lower limit of the device being 32°F 
The Sensotec indicator was set up so that a static, unloaded, condition corresponded to a front 
panel indication of 0 
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The Test Procedure described testing at temperatures below 32" F, however additional testing was 
done at temperatures up to 130" F 

Test Results 

Eleven tests were run at temperatures ranging from 22 to 130°F The original test data IS provided 
in Attachment E A summary of the instrument error is shown in Table 1 and as a graphical 
representation in Figure 1 

The instrument error shown in Table 1 is an average (arithmetic mean) of the error at five data 
points at each ddferent temperature given as a percentage of full scale For instance, in the case of 
Test CTT 001 the input signal of 10 mA was equivalent to indicated value of 37 5 The Cub4(#l) 
had an indicated value of 37 8 This gives a difference 0 3, or in terms of error as a percentage of 
full scale 

The absolute value of [(37 5 37 8)/100] '1 00 = 0 3% 

In the case of the Watlow (#I) in the same test the input signal was 130°F while the indicated value 
was 128"F, giving 

The absolute value of [(130-128)/(200 32)] 'I00 = 1 19% 

The error at each of the 5 data points was summed and an average was calculated This average 
error is what is shown in Table 1 and Figure 1 
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Results 

As can be seen, the instruments showed increasing error at decreasing temperatures The largest 
error 5 8% of full scale, was seen with the Watlow temperature controllers at a temperature of 
10°F This corresponds to an error of almost 10°F In the case of the Watlow controllers the error 

was consistent for each signal input at a given temperature This means that the error was only an 
'offset' error not a span error Or stated another way the instrument was still linear in its measuring 
capability 

At 20°F if one extrapolates from the curve in Figure 1, the largest error would be some value less 
than 4% (6 7°F) 

When the instruments were kept at or above 32"F, the largest error seen (Watlow) was 2 5% or 
approximately 4" F This is the lowest temperature that the Watlows should ever see during 
operation since the cabinet they are normally mounted in has heaters which will maintain 
temperature above 32°F 

The front panel indication was readable at each temperature tested, from -23" F to 130°F 
(Environmental Chamber) At temperatures below approximately -1 5°F the Cub4 indicator LCD 
began to be a bit sluggish when changing values, but was still readable after 2 or 3 seconds 

In the case of the Watlow switching function, no degradation in performance of the switching 
function was seen at any operating temperature The switching function which would turn on some 
external heating device, occurred within 1" F of the on or off setpoint at each temperature tested 
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ATTACHMENT E 

TEST DATA SHEETS FROM COLD TEMPERATURE TESTING OF SY-101 
RAPID MITIGATION PROCESS INSTRUMENTATION 

(CONSISTING OF 12 PAGES, INCLUDING THIS ONE) 
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Attachment 2 
Test Data Sheet for Cold Temperature Testing of SY-101 RAPID Mitigation 
System Process lnstrumentation 

Date [ z  110 199 Test Number CTT- 00 1 

Enclosure Temperature 31 "F 
Chamber Temperaturel7 - I 9 'F 
Test Duration 70 Minutes 

Instrument Indications 

-L 

Watlow Switching 

Temperature at which Watlow Controller switched on with input lowered from 130 F to 115°F 
Watlowtl 126 11 ZY 'i Watlow#~ I Z ? / ) Z ~  OF 

Temperature at which Watlow Controller switched off with input raised from 115 F to 130'F 
Watlow#l 12% / I L ~  'F Watlow #2 130 / i z6  "F 

5yna1.1 Fb&u d i m )  

Test Equipment Information 

Temperature Calibrator Manuf and Model No 
Temperature Calibrator Calibration # and Expiration Date' 7 5 0  - I  3- 55-00 Z 

Loop Transmitter Manuf and Model No 

OMCCia c-c - 5a5 14 

I LckL 7 0  2 
Loop Transmitter Calibration Expiration Date CakGkidi OM&A C L - 5 0 5 A  

Environmental Chamber Manuf and Model No R I h 6 J S  id UI d k a T  I- 
/ 

6p - 32 105 
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Attachment 2 
Test Data Sheet for Cold Temperature Testing of SY-I01 RAPID Mitigation 
System Process instrumentation 

Date lZ  I(o 194 Test Number CTT- 00 2 

Enclosure Temperature 3 )  "F 
Chamber Temperature "F 
Test Duration 30 Minutes 

Instrument Indications 

- -CY 

Watlow Switching 

Temperature at which Watlow Controller switched on with input lowered from 130' F to 115'F 
Watlow # I  (26//2q "F Watlow#2 /28 /I24 'F 

Temperature at which Watlow Controller switched off with I put raised from 115" F to 13O'F 
Watlow#~ / z S / / z b  OF Wattow#2 /7o,Pz-6 *F 

Test Equipment Information 

Temperature Calibrator Calibration # and Expiration Date' 
Temperature Calibrator Manuf and Model No 

Loop Transmitter Manuf and Model No 

0 W e q  a CL - 5054 
FLukG 70 2 

Loop Transmitter Calibration Expiration Date C A  bpt*A 0s ('+* Qlntefa U - 5 Q a  

Environmental Chamber Manuf and Model No kh'id '5 T d m d  fi&L ds GD-32-rD5 

Test Personnel Verification 

NameKitle /d;.fc- djJlfJ er ,h< Ens 
NameKitle DEJ YL gud/ /e ,%c 
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Attachment 2 
Test Data Sheet for Cold Temperature Testing of SY-101 RAPID Mitigation 
System Process Instrumentation 

Date 12 110 199 Test Number CTT- 003 
W J  29;; 0 

8 .  

Enclosure Temperature 

Test Duration 70 Minutes 
Chamber Temperatu- -rF 

Instrument Indications 

- -x 

Watlow Switching 

Temperature at which Watlow Controller switched on with input lowered from 130" F to 115°F 
Watlow#I I Z S ~ r z ~  "F Watlow#2 / Z Z ~ I Z L ~  'F 

Temperature at which Watlow Controller switcied off with input raised from 115" F to 130°F 
Watlow #I r z ~ / I ~ & ' F  Watlow #2 I TO//  Z 6 ' F  

Test Equipment Information 

Temperature Calibrator Manuf and Model No 0 W e 4  a CL-5Q54 
Temperature Calibrator Calibration # and Expiration Date 7 50 - 13-55-BO2 
Loop Transmitter Manuf and Model No FLukce 30 2 
Loop Transmitter Calibration Expiration Date CaLbcibk UG t.24 t9cc\eca P-L - S Q G  

Environmental Chamber Manuf and Model No k&511 I '5 T i A d  RAif 5 @-3Z.-IDs 

Test Personnel Verification 

Namemtle &% d,fd er ,I%< En? Signature 
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Attachment 2 
Test Data Sheet for Cold Temperature Testing of SY-101 RAPID Mitigation 
System Process instrumentation 

Date \Z 1 ( 0  199 Test Number ClT- 0 0  

Chamber Temperature - I I f~ - I 2  'F 
Test Duration 30 Minutes 

Instrument Indications 

Enclosure Temperature 24 'F 

- 
-7-z 

Watlow Switching 

Temperature at which Watlow Controller switched on with input lowered from 130" F to 115'F 
Watlow#l 124 /125  'F Watlow #2 f 30 5 , h 5  'F 

Watlow #2 / 3qB/zL/ 'F 
Controller switched off with in ut raised from 115" F to 130'F 

Test Equipment Information 

Temperature Calibrator Manuf and Model No 0 W4a c.L-505f3 
Temperature Calibrator Calibration # and Expiration Date' 

Loop Transmitter Manuf and Model No 

7 Cj o - 13-55 -002  

FLukL 7s 2 
Loop Transmitter Calibration Expiration Date 

Environmental Chamber Manuf and Model No > ds D-32-fDs  
&+e.=a u - 5 Q G  

Test Personnel Verification 

Narnenitle &I* I!JJ,~J Qr h&t E 

Narnenitle DOL 
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Attachment 2 
Test Data Sheet for Cold Temperature Testing of SY-101 RAPID Mitigation 
System Process lpstrumentation 

Date- Test Number CTT- 005 
I 0 

Enclosure Temperature 0 'F U d C '  f.,cD ~ ( w - r o ~ ~ &  
Chamber Temperature -1.6 f o  - I S  'F J & e  bLt 5 t ( [  r&Ic 
Test Duration 

Watlow Switching 

Controller switched on with in ut lowered from 130" F to 115°F 
Watlow #2 / 3 .p/ 2 r F  

Watlow #2 19 3/$25 
Temperature at w ich Watlow Controller switched off with I put raised from 11 5' F to 130°F 
Watlow#l I 2 9il25 'F 

Test Equipment Information 

Temperature Calibrator Manuf and Model No 0 ZI C L - 5 O 5 A  
Temperature Calibrator Calibration # and Expiration Date 7 50  - 1 3 - 5 5 - 0 0 2  

Loop Transmitter Manuf and Model No 
Loop Transmitter Calibration Expiration Date 1 0  C 

FLUkL 30 z 
- 5 . 4  

I 

Environmental Chamber Manuf and Model No L 5 9 1  ( c3 Gf4Vud fi'oceu &s @-32-105 
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Attachment 2 
Test Data Sheet for Cold Temperature Testing of SY-101 RAPID Mitigation 
System Process Instrumentation 

Date \2 1to 199 Test Number CTT- oob 
I .  

'F oofc Lcb J l S p 7  k$GoV,  
5 ImJ to dpI*sL 0&5 b.ct 5 k  ( (  rc&&(C 

Enclosure Temperature 0 
3 0  

Chamber Temperature - 20 
Test Duration Minutes 'F ( 3  . t o 4  5cce.-&s) 

Watlow Switching 

Temperature at which Watlow Controller switched on with input lowered from 130" F to 115'F 

Temperature at wh ch Watlow Controller switched off with inpuirarsed from 115" F to 130'F 

Wattow #I( 127 / \ 2 5 'F 

Watlow#I t 30,Lzh OF 

Watlow #2 J? Z, / IZY 'F 

Watlow#2 137125  'F 

I d  I D1SPL-N) 

Test Equipment Information 

Temperature Calibrator Manuf and Model No 0 fleTZJ 
Temperature Calibrator Calibration # and Expiration Date 7 50 - I?- 55 -00 2 

Loop Transmitter Manuf and Model No 
Loop Transmitter Calibration Expiration Date C a L h r d  u+.t %q 6 - a  CL -5Wa 

CL - 505 A 
71/00 

Ftuke 70 2 

Environmental Chamber Manuf and Model No a ktt &s D-32-(05 

Signature 

Test Personnel Verification 

Namenitle &% d!fJ et ,h< En: 
Namefiitle D n L k L d / [ H 4  .G~, L Signature 
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Attachment 2 
Test Data Sheet for Cold Temperature Testing of SY-101 RAPID Mitigation 
System Process Instrumentation 

Date \Z I t 0  199 Test Number CTT- 007 

Enclosure Temperature - ! 0 'F 
Chamber Temperature -2 'li0-23"F 
Test Duration ( 5  Minutes 

Instrument Indications 

- --IT 

Watlow Switching 

Controller switched on with input lowered from 130' F to 115'F 

Controller switched off with input raised from 115' F to 130'F 

Watlow#2 IS '~ / / (ZY  'F 

Watlow #2 I3V 5FZ5 "F 

Test Equipment Information 

K5 6 Temperature Calibrator Manuf and Model No 0 CL - 505 A 
Temperature Calibrator Calibration # and Expiration Date 7 5 ~ -  13-55-002 ' 7 /bo 

' I  I 
Loop Transmitter Manuf and Model No FLukce 70 2 
Loop Transmitter Calibration Expiration Date C3LLx-a 1 %  6 U -5QQ 

Environmental Chamber Manuf and Model No k S i 1  ( ' 5  Tdyud Rodlu as @-3Z- lOS 

Test Personnel Verification 

Namenitle /d;K d!fd &r *h< Erie 

N a r n e / T i t l e & ~ ~ w d / / &  .%e 



R f P -5 b '0 , ce., 0 
Attachment 2 
Test Data Sheet for Cold Temperature Testing of SY-101 RAPID Mitigation 
System Process {nstrumentation 

Date I z / /  V / Y ~  

Chamber Temperature ' /  20 "F 
Test Duration 30 Minutes 

Instrument Indications 

Test Number C l l -  0 o 

Enclosure Temperature / 20 "F 

- -- 

Watlow Switching 

Controller switched on with in ut lowered from 130" F to 115'F 

Controller switched off with input raised from 115' F to 130'F 

Watlow #2 ~ z z ~ f i ~ , ~ ; ~ ~ ~  

Watlow #2 fz2 4 /E% 

Cadi- 

'F 

Test Equipment Information 

Temperature Calibrator Manuf and Model No OwQ\a 

Loop Transmitter Manuf and Model No g6 7 0  z- 

Environmental Chamber Manuf and Model No ~ W S S &  '$ % d n t c $ f ~ & ! k .  @-3z-/05 

a - 
Temperature Calibrator Calibration # and Expiration Date 35 6 - 13-55-002 7/(00 

Loop Transmitter Calibration Expiration Date e a  I, hr&pJ U5;IM.-  ow Q q i ~  CL-505A 

Test Personnel Verification 

N a m e n i t l e d %  ~ T ~ ~ ~ ~ ~ , p - s i g n a t  

Namenitle J>k @b&lI/E& 7- CCX Signa 



R p P - 5 1 0 1 ~ ~  Red 0 
Attachment 2 
Test Data Sheet for Cold Temperature Testing of SY-101 RAPID Mitigation 
System Process tnstrumentation 

Date /z//r/?? 
Enclosure Temperature / 9 'F 

Test Duration 7 0 Minutes 

Instrument Indications 

Test Number CTT- 60 "r 

Chamber Temperature 'F 

Watlow Switching 

Temperature at which Watlow Controller switched on with input lowered from 130" 
Watlow #I I Zy,/l zy "F 

Temperature at which 

to 115'F 
Watlow #2 e 'F ( h i  S//#.$fiJ 

11 5' F to 130'F 5/ p3d 

Test Equipment Information 

Temperature Calibrator Manuf and Model No f%S+2 CL- S O S A  
Temperature Calibrator Calibration # and Expiration Date 750- I 3 - 55 -Do* 

Loop Transmitter Calibration Expiration Date &(~bb-&lu<,+weka cL-505n 

7///0 0 

Loop Transmitter Manuf and Model No FLuk~e 702 

Environmental Chamber Manuf and Model No &vf/ ; -idol I - . & & a 5  6@32-/05 



RPP- suo, Re4 0 
Attachment 2 
Test Data Sheet for Cold Temperature Testing of SY-101 RAPID Mitigation 
System Process instrumentation 

Date- 

Enclosure Temperature 

Test Duration 30 Minutes 

Test Number CTT- 0 18 

Chamber Temperature +F 

Watlow Switching 

Temperature at which Watlow Controller switched on with I put lowered from 130" F to 115'F 
Watlow #I I zL( 5 h 25 'F Watlow#2 /zz ~ ? ( z q  T 

Controller switched off with input raised from 115' F to 130°F 
Watlow#2 lzG ht55 'F 

Test Equipment Information 

Temperature Calibrator Manuf and Model No 0 w  ec,x c/ L - 50514 
Temperature Calibrator Calibration # and Expiration Date 750 - 13- 55 -002  

Loop Transmitter Manuf and Model No 

Environmental Chamber Manuf and Model No Ksvd k $d~d?fi&f? LO- 32-&35 

FLkke  302 
Loop Transmitter Calibration Expiration Date z / lh  ( C  Z$ A M I -  O m o ~ g  CL-564 

Test Personnel Verification 

Namenitle P 

+%#- 



RPf-sblo, ff*g 0 
Attachment 2 
Test Data Sheet for Cold Temperature Testing of SY-101 RAPID Mitigation 
System Process Instrumentation 

Date I 2 // Y 1 I 4 
Enclosure Temperature 
Chamber Temperature 
Test Duration 30 Minutes 

Instrument Indications 

Q I  l&J 
0 

Test Number CTT- 6 

+F 

- _- 

Watlow Switching 

Temperature at which Watlow Controller switched on with I ut lowered from 130" F to 115'F 
Wattow #I -/ 7,~ ,j I z 4 OF 

Temperature at which Watlow Controller switched off with input raised from 115" F to 130°F 
Watlow#I /Z<.$ / I  Z b  ' F  

Watlow #2 f7.7 47Z.t- "F 

Watlow #2 I ZL, /!I 'F 

Test Equipment Information 

Temperature Calibrator Calibration # and Expiration Date 750- 13- 55-00 2. 

Loop Transmitter Manuf and Model No ~ L L L ~  702. 
Loop Transmitter Calibration Expiration Date (2 1, b r & d  us4- Om?c,a f.L-505q 

Environmental Chamber Manuf and Model No &w?df 

Temperature Calibrator Manuf and Model No O m u a  f L  - 505A 

Test Personnel Verification . 
NarneTTitlefi '?% G 47kM /%%Aw L 

Namenitle &%&. w ,/ ///e %:A 

-&+- 


