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1.0 INTRODUCTION AND S U  

This document, Volume VI1 EBT-P Cryogenic Systeni Title 1 Design Report, describes the 

system that resulted from the Title I Preliminary Design effort. I t  is a self-contained docu- 

ment that can be read apart from the other Volumes comprising the EBT-P Title I Re- 
port. This document is a contract deliverable item and provides the detail necessary to 

support the Cyrcagenic System design contained in the ERT-P Baseline Design Data Rook 

(€31 mB)* 

The following EBT-P Project personnel have contributed to this volume: 

0 

0 

D. A. Bowers - EBT-P Thermodynamics 

M. J. Delaney - EBT-P Strength 

C. E. Fechter - ERT-P Materials 

R. D. Politowski - ERT-P Design 

T. J. Poteat - ERT-P Cryogenic System Manager 

1.1 CRYOGENIC SYSTEM OVERVIEW 

The cryogenic system stores, supplies, distributes and controls helium and nitrogen re- 

quired for operation of the HRT-P device. Saturated liquid helium at approximately 4.2'K 

is supplied to the 3 mirror magnet coils and the 6 gyrotron magnet coils to maintain 

them in the superconducting temperature region. Liquid helium for the mirror coils is sup- 

plied on demand and is controlled by a liquid level gage that is integral with the mirror 

coil dewar assembly. Liquid helium for the gyrotron coils is supplied by batch filling the 

dewars prior to the beginning of each day of operation. 

Helium vented from the magnet dewars and gyrotron dewars is recovered, reliquified and 

recirculated through the system in a closed loop during normal rno es of operation. 

Saturated liquid nitrogen at approximately $OK is supplied to the 36 mirror magnet dewar 

and the 6 gyrotron magnet dewar insulation system shields. The shields for both the mir- 

ror and gyrotron dewars are su plied by a quasi floo ed system. In addition, liquid nitro- 

1 
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gen is supplied to the 6 vacuum system pump traps on demand and to batch fill diagnostic 

devices prior to beginning each day of operation. 

Waste nitrogen gas vented from the magnet dewar and gyrotron dewar shields and pump 

traps is collected and vented outside the device facility. 

Low pressure GN2 is supplied to various usage points in the device facility by an LN2 to 

GN2 vaporizer on the liquid nitrogen storage dewar. 

The cryogenic system consists of the following major elements: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Closed Cycle Helium rCefrigeraltorlliquefier (Includes Two Compressor Skids and 

Cold li3ox) 
Liquid Helium Storage Dewar 

Three High Pressure Gaseous Helium Storage Tanks 

Cryogenic Helium Distribution System 

Gaseous Helium Distribution System 

Liquid Nitrogen Storage Dewar 

Liquid Nitrogen Distribution System 

Auxiliary Heat Exchanger for Cooldown and Warm-up 

Instrumentation and Control System 

Gaseous Nitrogen Xhtribution and Vent System 

Vapor C ~ ~ l e d  I ~ a d  Blowers 

Cold Box By-Pass Heat Exchanger 

Gas Purification Suhsystem 

The installation of these elements in the Oak Ridge Valley Industrial Park (ORVIP) facili- 

ty i s  shown in Figure 1. The functional relationship of the elenients is shown in system 

block diagram Figure 2. 
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1.2 OPERATIONAL MODE SUMMARY 

To support the EBT-P device, the cryogenic system must operate in several modes. The 

device operates in only two modes (1) Plasma power on and (2) plasma power off. Howev- 

er, the cryogenic system must operate in 6 modes. 

These modes are as follows: 

0 

Cooldown (Loads) 
0 

0 Stand-by (No Plasma) 

* Warm-up (Loads) 

* Anomaly Response 

Start -up (Re fr iger ator/Lique fier ) 

Steady-State (Device Operating With Plasma) 

A complete description of each of the modes is presented in the Design Criteria Section 

3.0 of this report. 

1.3 DESIGN CRITERIA SUMMARY 

The mirror magnet asld gyrotron magnet design along with the operational mode re 

ments defined herein establish most of the system design criteria. Key criteria are as 

follows: 

Cool LN2 Shields To -80K 

Maintain LN2 Insulating Shields At  Operating Temperature 0 

0 Cool Magnets From 3 

At Controlled Rate 

With He 
Minimum Time 

0 Fill Magnets With LHe 
0 

s 

Maintain Magnet Dewar LHe Liquid Level Within Operating Limits 

Maintain Magnet Dewar LHe Temperature Within Operating Limits 

7 
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Maintain Fluid Flow To Vapor Cooled Leads 

Maintain Lead Temperature Within Operating Limits 

Recycle all He 

Liquify He To Compensate For Vaporization Losses 

Provide GN2 for General Facility Use 

Provide LN2 To Service Dingznostics 

Warm Shields T o  Ambient Temperature 

Warm Magnets To Ambient l'emperature 

At Controlled Rate 

With GHe 

Minimum 'rime 

Protect Equipment and Personnel 

Continue Device Operation in event of Specific Malfunctions 

Recover Quickly From Malfunctions 

16 Hours Steady-State (Magnets Powered) 

8 I-Ioui-s Stand-Hy 

Repeated For 5 Days 

$8 Holm Maximum Stand-By 

Pour Weeks Shutdown Each Year For Major Maintenance 

Operate In Radiation Environment 

Monitor and Control By One Operator 

1.4 PERPOW. ANCE SUMMARY 

The performance cliaracteristics that evolved from the Title I effort are as follows: 

CAPACITIIE 

LN2 Storage = 9000 Gallons Net 

LH, Storage ;= 1'7,300 Liters Net (or 504,QO 
GH, Storage 

Piping To Hand1e Full Flow 

Each Compr~ess~r Skid Rated for Stand-By Heat Load -t50% Margin = (195 9/hr 

+ 1430 W) 

150,000 SCF @ 300 Psig 

0 
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RefrigeratorlLiquefier Rated For Maximum Heat Load + 50 96 Margin zz 

(280 Q/hr + 2000 W) 

RELIABILITY AND REPAIR TIMES 

* 9000 Hour MTBF Typical 

0 16 Hour MTTR Typical 

9 
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2.0 BUHLPOS AND SCOPE 

This volume details the EBT-P Cryogenic System Title I design, The cryogenic System l ’ i  

tle 1 effort was directed towad establishing a system design that could be implemer~ted by 

a cryogenic system contractor operating under a fixed price contract during Title Il.Two 
major categories of material. resulted from this effort. The first is a prociarenaent spi, wifica- 

tion that describes the system that will be procurred, and second, drawin s d@nt:ribiw 

system interfaces with the remainder of the device and its facility. 

During the CQUIW of the Title I effort a number of trade studies mid analyses were pre. 

pared to select between design alterraatives a i d  to support design details, These arc de- 

in Section 5.0. 

I OUTPUT 

The following is a listing of the data 

documented herein. 

ared during Title 1 to support the desigir 

0 

0 

V 

a 

0 

Q 

e 

e 

a 

c 

0 EBT-P Block Diagr m, Liquid md Gase us System, cry0 

2 EBT-P Liquid Helium Dewar Facility Interface 

4 EBT-P Gaseous Helium Storage Tank Facility Interface 

T-P Liquid Nitrogen Storage Tank Facility Interface 

1 EBT-P Cold BOX F ~ i l i t y  II~~te~iface 

‘90B373005 EBT-P Helium ha ryo-Pump Systems * 

et  Interface, cry0 

et ~U~~~~~~~~~~~~ Envelopes, cry0 

70B373011 EBT-P Facility Routing Envelopes, Cryo 

* This drawing i s  no absolete as a result of the current vacuum pump systerit 
configuration 
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70R3 7300 7 ER1'-k' G ~ S ~ Q U S  Helium Storage Tank 

10B3'73014 EBT-P Gyrotron Supply/Return Manifolds, Cryo 

70U373015 ERT-P Gyrotron SupplyjReturn Envelopes, Crys 

70B3'7303 6 ERT-P Cryo Subsystems Facility Installation 

70R3'i3U19 EB'Y-P Liquid arid. Gaseous System Schematic 

70B373013 EBT-P Gyrotron lcnterfacc 
0 

* 

0 

70P373008 Prccurenrent Specification 

ANALYSIS AND TRADE STUDIES 

Distribution Line Pressure Losses 

* Distribution Thermal Losses 

Material Compatibility 

e Magnet Interface Analysis 

LN2 Dcwar Lease Buy Trade Study 

He Pilliiag and Coaldown 

LN2 Shield Filling and Control 

€le Venting 

Gyrotroai Configuration 

Vapor Cooled Lead Flow 

R/L Operation 

Overall System lieat Losses 

Magneiie Materials vs Field Uniformity 

11 
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3.0 DESIGN CRITERIA 

The design criteria utilized for the cryogenic system was obtained from the following 

sources: 

RFP and ORNL Reference Design 

MDAC Proposal and Title I Activity 

a Device Operational Modes 

Early in Title I it became clear that a complete system operating scenerio would be re- 

quired to fully define the design criteria. This analysis evolved in six distinct operational 

modes. 

3.1 OPERATING MODES 

Six distinct operating modes have been defined for the cryogenic system. These were es- 

tablished from an analysis of the device operating characteristics as shown in Table I. A 
description of the cryogenic system operation for each mode is included in this section. 

Table I DeviceXryogenic System Operational Comparison 

EBT-P DEVICE CRY0 SYSTEM 

Pre Test Operations 

Magnet Cool Down 

Magnets Powered 

No Plasma 

Heating Plasma 

Magnets Unpowered 

Suspending Operations 

Equipment Anomalies 

Magnet Quench 

Cry0 System Failures 

Device Equipment Failures 

6 star t -up 

6 Cool Down 

* Standby 

Steady State 

* Standby 

6 Warm-up 

a Anomaly Response 

12 
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A description of the cryogenic system operation identified by operating mode €oollows. 

3.1.1 Start-up - A block diagiam of the Start-up Mode is shown in Figure 3. Following 

decontamination of the compressor, cold box and storage dewar by alternately evacuating 

and back filling with pure dry heliixnri gab, gas from the GHSe storage tanks is compressed 

by the compressor skids and is delivered to the c d d  box, The high pressure gas stream is 

refrigerated in the cold box a i d  expanded (JT expansion) into the liquid helium storage 

dewar. Cold gas from the storage dewar is returmd back through the cold box to reduce 

the temperature of the incoming high pit.ssure stream from the compressors. 'l'be stream 

exits the cold box and is recomp;cssed. After approxiinatilly 12 hours of bootstrap 

cooldown of the system elements, LI-Te will begirn to collect in the storagc dewar. Six Airco 

number 85 bulk delivery trailer loads of gaseous helium (approximately 508,080 SCF) will 

be required to fill the 17,300 I! i,He dewar.. The helium dewar will fill a t  a sate of approxi- 

mately 70iB liters per hour. 

During the start-up mode, other operations related to the cry0 system may be parfc~rrrned 

or initiated. These include operation of the LN2 c~o led  vaciium pump t r q s ,  cooldown of 

the LN2 insulation shields in the mirror magnet dewars and gyrolroxi dewars, initial 

cooldown of the mirror magnet coils and gyretron coils and delivery of GN2 to the various 

use points. It should be noted that the system includes no provision to fill the LMe storage 

dewar from a cryogenic taiilc trailer. 

3-12 Cooldown - A block diagrzm of the Cooldown Mode is shown in E'igiare 4. 
Coolldowni is applicable to the mirt-or and gysotron magnet coil containers and i s  accom- 

plished in three distinct steps following system decontamination and csoldow.ri of the dew- 

ar LN2 cooled insixlation shields. The three steps are (1) cooldown from ambient tempem- 

tuse 300K to approximately lOOM utilizing an auxiliary kea: exchaiiger, (2) cooldown from 

lOOM to approximately 1OK utilizing cold gas produced by the K/1, and (3) cooldown from 

10°K to the operating temperatwe of 4.2OW utilizing liquid helium. 

The rate of cooldown of tkre mirror magnet is limited by thermal stresses induced in the 

mirror coil magnet pack. ?'hese stresses are related to the temperature differential across 

the magnet pack, The ratre of cooling i s  cornlrolled by sensors in the magnet pack via the 

13 
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START-UP BLOCK DIAGRAM 
FIGURE 3 

HELIUM 

- -- - NITROGEN 

- I/C - - - - -  
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I$& system or by a predetermined cesld own sclaedule. '1'0 date, no coddown limitations 

have beers identified €or the gyri,troixi magnet. Ilowever, cryogenic system limitations will 

impose certain design requirea~acrsts on the gyrotrsn magnct dewar. 

System decontarninalion is accomplished by first opening the mirror magnet cooldown 

valve as shown in Figure 5 and tlrc gyrotron imngnct fill valve as shown in Figure 6. The 

mirror magnet and gyro tron niagnel coil vessels and interconnecting distribution piping is 

then evacuated to approximately 1 x lop2: torr. The vaccum is broken with pure dry heli- 

um gas. The evacuation-helium gas vacuum fill process is rcpeated until thc contamination 

level reaches acceptable levcls. 

The system i s  config11 red to provide an alternate decontamination approach in the event 

that the evauatisn - helium gas vacuum fill ~ Y C ~ C C " S S  proves to be unsatisfilt*:tory. This ap- 

proach utilizes the gas purification subsystem to remove c o n t a ~ ~ i ~ i ~ i n t ~  from the gas stream 

as gas is circulated through the wholf: system. hnixig the initial start-up, WMKII gas is cir- 

culated through the entire system including the c o m p ~ e s ~ o ~ s ,  gas purifieration subsystem, 

cold box, storage dewar, distribution system a i d  mirror and gyrotron magnets. 

Contaminants are thus ti spped in the gas purification subsystem. 

Following decontamination and prior to  starting cooldown helium flow, the mirror magnet 

and gyrotrsn magnet dewar LNz insulation shields are cooled by opening- the flo 

valves, T.,iyuid nitrogen Wows through the shields and out the vent lines thus cooling the 

shields to approxiiiiately 8038- When LNg cobxts in the vent line, the flow control valve is 

closed by a signal from the bilevel liquid trans&tcer via the I&C system. T h e  cont,ra's valve 

is cycled to open and chee  by the I&@ system ithue maintaining EN2 in each of the dewar 

SlIiC?ldS. 

0- lOOK eoolilown step i s  accomplished by dircctitig part of the compressor gas 
S ~ ~ ~ M I I  t l t ~ ~ u g h  the auxilia~y heat a~changcr and the distrihtion system i a t ~ 1  the cooldown 

e mirror magnet and Ihe €ill valve of the gyrstron magaaet. After the helium flow 
rate is set, LNz is introduced into the PAN? pass of the auxiliary heat exchanges. The LN2 

flow rate is controlled to  reduce t h c  tempcratuze as rapidly as possible without exeee 
the mirror magnet &erraperature differentid limits. When the mirror magnet coil ternpera- 

ture reaches approximately 180K gas Bow throiagh the auxiliary heat exchanger is %to 
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and a portion of the cold box discharge stream is delivered to the distribution system. The 

cold box is used to refrigcrate the gas flowing in the loop thus redwing the temperature at  

a controlled rate to approximately 10K. Below POK, flow from the cold box is suspended 

and EIle is introduced into the system from the storage dewar. Flow to each mirror mag- 

net and gyrotron magnet dewar continues until it is full. Liquid level instrumentation in 

each dewar is used by the I&C system to generate a full signal and close the cooldown 

valves of the mirror magnets and fill valves of the gyrotron magnets. 

The use of a single manifold to deliver both liquid and cool down gas precludes controlled 

cooldown of the mirror magnets and gyrotron independently. In addition, individual mirror 

or gyrotrons magnets cannot be cooled down at  a controlled rate when liquid must be de- 

livered to the other magnets to keep them cold. However, it is possible, as described below, 

to cooldown and fill individual or groups of magnets and gyrotrons as long as the others 

are placed on hold and allowed to settle at  an equilibrium temperature of approximately 

10OK with their fill valves closed. 

a. Close the EHe valves to all magnet and gyrotron dewars. 

b. Start the flow of GHe into the bottom fill line of the mirror magnets or fill line of 

t,he gyrotron magnets. Reduce the gas temperature by the methods prescribed for a 

normal cooldown until the temperature of the dewars being cooled matches that of 

the dewars on hold. 

c. Open all cooldown valves to cooldown and fill all dewars. 

ady-state - A block diagram of the Steady-state mode is shown in Figure 7. 

Liquid helium is delivered from the storage dewar to each mirror magnet dewar to keep it 

full during plasma operation. The liquid level in each dewar is controlled by opening the 

topping valve. Signals generated by the l[&C System from the respective liquid level probes 

will open the valve when liquid is required. The operating liquid level band is set to cause 

the valves to cycle approximately once every minute. (Actual valve operation will be deter- 

mined during machine development testing). This will eliminate the potential of super 

heating the vapor trapped between the valves and the dewars, and will increase the quality 

of the initial slug of fiuid delivered to the mirror magnet. 
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GYROTRON MAGNET DEWAR 
INTERFACE SCHEMATIC 

FIGURE 6 
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The gyrotron dewars are batch filled each day prior to operation. They are filled through 

the fill valve showrt in Figuw 6. Signals gci~cratcd by the T & C System from the respec. 

tive liquid level probe will close the valve when the dewar is full. 

Vapor resulting from boil-off leaves each mirror and gyrotron magnet dewar via a vent 

line. Cold vapor at approximately 4.2M is expelled from each dewar vent and is returned 

to the cold box via a return manifold system. in the cold h x ,  the cold vapor stream is uti- 

lized to reducc the temperature of the incoming stream from the comprcssors and then is 

returned to comp~essor suction. 

A second path is utilized to cool the mirror magnet vapor cooled leads. Vapor drawn 

through the leads exits as a warm gas. Temperature of the gas is approximately an-rbient a t  

the outlet of the leads. The flow rate of gas from each lead i s  controlled by a three p s i -  

tiori pneuiiiatically operated flow control valve. 'I'he valve positions are (1) manually 

closed, (2) nomirial flow, and (3) full open. Vacuum pumps maintain the pressure drop 

across the valve to catise sonic flow through the valve seat. Sonic flow across the valve 

minimizes flow rate changes in the leads resulting from pressure fluctuations in the dewar 

or temperature changes in the leads. 

The nominal flow rate i s  utilized to dissipate the 12R bleating generated in each lead when 

the mirror magnets are powered. The flow rate is sei by adjusting the pressure on the 

valve operator as shown in Figure 8. The method for determining the nominal flow rate re- 

quired for each lead and how the rate is to be set after installation of the magnet on the 

device has not been established. Additional work will be required during Title 1% to resolve 

these: issues. In the event o€ 8x1 over temperature coiidition in a lead, the 1&C system de- 

creases the valve operator pressure to fully open the valve. The H&C system monitors the 

temperature transducer installed in each lead. If a lead continually runs warm, the flow of 

cooling gas can be increased by manually decreasing the pressure an its valve operator. 

Warm gas from the mirror magnet leads is collected in a rnnni€obld and returned to corn- 

pressor suction. 

Liquid nitrogen for the mirror magnet and gyrotron magnet dewar insulating shields is 

controlled by a valve on the inlet of each shield. The system operates as a quasi-flooded 

system. The valve opens and remains open until liquid is detected in the vent line. When 

21 
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STEADY STATE VAPOR COOLED LEAD CONTROL BLOCK DIAGRAM 
FIGURE 8 
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liquid is detected the valve closes. It remains closed until the liquid in the line vaporizes 

and then it opens to complete the fill cycle. During Title I1 additional analysis will b, 0 re- 

quired to verify that the quasi flooded approach is superior to a flooded system. The final 

selection will be based on this analysis and recommendations from companies that bid on 

the system. Expended nitrogen is collected in a manifold and dumped into the enviroi-i- 

ment outside the device facility. 

3.1.4 Stand-by - This mode is similar to the steady-state mode. The limits on the fill 

level band will be increased to reduce cycling of the liquid flow control valves. After the 

LHe storage dewar is filled, the output of the R/L will be reduced to match the stand-by 

system losses. The output of one compressor skid provides sufficient capacity to hold the 

system in the stand-by mode. 

During Standy-by, flow through the vapor cooled leads must be reduced to prevent the 

formation of frost balls and mechanical cycling of the lead connections to the magnet pack. 

T h e  approach to flow control of the vapor cooled leads during Stand-by was not selected 

during Title I and thus remains an open? issue that will be resolved during Title 11. One 

approach that was considered and will be investigated further in ‘Title I1 is to stop the 

lead blowers and opeis a bypass loop around the blowers. Thus the pressure in the magnet 

dewar vent line and the outlet of the vapor cooled leads will be approximately equal. To 

establish the proper flow rate through the leads, throttling of flow through either the blow- 

ers bypass loop or the vent line will be required. 

3.1.5 Warm-up - This mode is similar to the cool-down mode, except that an electrical 

heater in the auxiliary heat exchanger is utilized to warm. the helium gas stream. Gas tern- 

perature is controlled by cycling the heater “on” and“ofPP under control of the Z&C Sys- 

tem. All magnets and gysotrons must be warmed together if forced warming is desired. 

However, it may be possihle to “force warm” one or more magnets or gyrotrons and keep 

the remainder below approximately 100K as follows: 

a. Close the LN2 Valves to the shields of the dewars to be warmed. 

b. Close the liquid helium valves to all dewars that are to remain cold. 

c. Open the bottom fill valves on the magnet dewars and fill valves on the gyrotrons to 

be warmed. 
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d. Start the flow of GHe into the dewars and steadily increase the flow rate to estab- 

lish a maximum based on the dewar operating pressure. The rate may be modulated 

to  avoid inducing excessive thermal stresses. 

e. Increase the inlet gas temperature by cycling the heater to obtain the desired warm- 

up rate. 

3.1.6 Malfunction Response - System characteristics related to malfunctions are de- 

scribed in this section. The discussion assumes that a plasma exists prior t0 onset of the 

malfunction unless otherwise stated. 

3.1.6.1. Magnet Quench - A single or multiple magnet quench will result in an immedi- 

ate pressure rise in the affected dewars and loss of plasma. Each magnet is provided with 

a safety relief line consisting of a check valve and burst disc. The burst disc is set at ap- 

proximately 28 psia. The quench pressure rise will cause the burst disc to rupture thus 

protecting the magnet dewar and the remainder of the system. The check valves will mini- 

mize the flow of contaminants into the quenched dewars. Additional testing and analysis 

will be required during Title I1 to establish the exact pressure setting for the burst discs 

and to evaluate the operation and safety of the vent system. 

Upon delecting the quench, the I&C system will close all fill valves thus making the sys- 

tem safe. The response time of the valve closing is too slow to stop the propagation of 

pressure spikes into the remainder of the system. The primary concern resulting from 

pressure spikes is damage to the cold box turbo expanders. They are isolated from the 

source of the pressure spike by the LHe dewar on the liquid side and the compressors on 

the gas side, Our initial analysis indicates that they will require no further protection to 

prevent damage in the event of a quench. 

This conclusion is based on two factors. First, the large impedance of the lines and LHe 

dewar that are connected between the magnet dewars and the turbo expander discharge 

will dampen the spikes to acceptable levels. Secondly, the compressors and the 

interconnecting piping will effectively dampen the spikes to the turbo expander inlet. 

(This conclusion will be verified during title I1 Detail Design). 
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Recovery after a magnet quench can be achieved in sevei-d ways. Rather than warm-up all 

the magnets and begin a complete cool-down cycle, the following approach can hb: utilized 

to save time and costs and reduce thermal cycling of the mirror magnets provided that the 

temperature of the quenched magnet packs are below 1 OOM. Analysis has indicated that 

the magnet pack temperature will riot cxceed lG9K during a quench and that detrimental 

thermal stresses may not exist below ICOK. 

a. Verify that the LME valves to all magnet and gycotron dewars arc closed. 

b. Simultaneously start flowing cold GHe into thc bottom fill line of the quenched 

magiiets and replacing the ruptured burst discs. Initially the gas flow rate must be 

kept low t o  allow matching of the ilncoming gas tenaperature to that of the dewar to 

avoid inducing thermal stresses. After temperature matching, the dewar temperature 

can be reduced as rapidly as possible within the thermal stress limitations of the 

magnet or capacity of the system. 

c. W-hen the temperature of the quenched magnets equilibrates with that of the unaf- 

fected magnets; all bottom fill valves are opeiicd and whole system is coslcd down 

and filled with liquid. 

A second approach can bcc utilized to F I C ~ ) V ~ F  from a mirum magnet qaaench provided ther- 

mal stresses do not impose a reslriction and that sufficient quantities of liquid can be 

forced into the magnet to affect ccao!dow~n. This approach is applicable to recovery from a 

gyrotron magnet quench. 

a. Verify that the LHe topping valve i s  closed on all quenched dewars. 

b. Replace all failed bwst discs. 

c. Continue to maintain LHe flow via the bopping valve to all magnets that did not 

quench. 

d. Open the bottom fill valves on all other. magiacts to bcgin LHE flow into the dewars. 

Continue LWc flow until the magnets c o d  down. 

3.1.6.2 Single Compressor Failure - If the device is operating at  a power level pro- 

ducing minimal quantities of magnet x-ray heating, no immediate response is required. 

The limiting factor in this case is tlrc single comp~essor’s capability to handle the flow of 

gas returning from the W I ~ Q ~  caoled Beads and cold vapor through the cold box. When the 
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losses (helium vaporization) exceed the compressor's capaci ty, the magnet and gymtron 

dewar pressure will begin to increase. Thus, plasma heating must be suspended to reduce 

the x-ray heating load on the system or gas must be vented to atmosphere. A valve is pru- 

vided to dump excess helium to atmosphere via the vent line. Operating time is a maxi. 

mum of approximately 100 hours at  full power tinder this condition. The limit is controlled 

by liquid inventory in the LHe storage dewar at onset. 

With one compressor operational, the system can hold the device in the stand-by mode in- 

definitely or the device can be operated at low power levels. 

3.1.6.3 Failure of Both Compressors - The plasma can be maintained by ven'iisrg he 

lium to atmosphere. At  full power the device can operate approximatidy 16 hours maxi 

mum. Liquid helium inventory in the storage dewar at onset will establish the l ime. Staail- 

by time is approximately 21 hours maximum before the magnets will begin to warm-lip. 

3.1.6.4 Cold Box Failure - The immediate result of all cold kaos failures is tks s u a p m  

sion of liquid production. A cold box bypass heat exchanger is pxovided to warm the cdd 

helium gas return stream prior lo entering cornpressc~r suction. Thus, return gas can be 

pumped back into the GWe storage tanks. The filling of the GMe tanks can csntininr-! innti8 

they are full. If the storage tanks were empty at onset, they would fill in approximately 4.3 
hours a t  full upgrade power. Provided liquid helium inventory is available, operation can 

continue after the tanks are full by venting helium to atmosphere. 

3.1.6.5 Vapor Coded Lead Blower U F ~ S  - The failure of one lead blower will riot 

affect operation of the device. Each of the two lead blowers has the cap city eo handle the 

lead flow rate for steady-state operation. In the event that both blowers fail, 2nagnet p ~ v d e r  

must be dumped to avoid damage to the vapor cooled leads. 

3.2 DUTY CYCL 

To establish maintenance response times and system reliability allocations, it was neces- 

sary to establish a duty cycle. The duty cycle adopted follows. 
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The system shall be designed to operate continuously 24 hours per day for 48 weeks per 
year with a useful life of 10 years. 'l'he weekly duty cycle shall be 16 hours of steady-state 

operation followed by 8 hogas of stand-by operation for 5 days followed by 64 hours of 

stand-by. In addition, the system shall accommodate 88 hours of stand-by. Four weeks 

each year will be allocated for the performance of major maintenance. The device will be 

warmed to ambient temperature during this period. 

3.3 DESIGN @KITERIA LISTING 

Design criteria derived from analysis of the operational requirements and those imposed 

by applicable codes were utilized in the design described herein. They are as follows: 

Remove Detrimental Contaminants from Entire System 

Cool Down Cold Box < 12 13Iours 

Cool Down LHe Dewar 

Collect LHe in Uewar 

Cool LN2 Shields to =80K 

Cool Magnet From 3@0 to 4.2K < 7 Days 

- At Controlled Rate 
- With Me 

- Minimum Time 

E'ill Magnets With LHe 

Recycle All He 

Maintain Dewar Liquid Level Within Operating Limits 

Maintain Magnet Dewar Temperature Within Operating Limits 

Maintain LN2 Shields at Operating Temperature 

Pdaintain Fluid Flow Through Vapor Cooled Leads 

Maintain Lead ?'emperature Within Operating Limits 

Liquefy He to  Compensate For Vaporization Losses 

Provide LN2 to Vacuum Pump Traps 

Provide LN2 to  Service Diagnostics 

Warm Shields to Ambient Temperature 
W-arnm Magnets to Ambient Temperature 
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0 

0 

c 

e 

- At Controlle 

- With GHe 
- Minimum Time 

Protect Equipment and Personnel 

Continue Device Operation in the event of Specific Malfunctions 

Recover Quickly fmm Malfunctions 

16 Hours Steady-State (Magnets Powered) 

Repeated for 5 Days 

88 Hours Stand-By 

Operate in X-ray Environment 

ASME Boiler and Pressure Vessel Code 

8 Hours Stand-By 

- Section VI11 Division 1 

ANSI Standard Code 

- €331.1 Power Piping 

B31.3 Chemical Plant md Petroleum Refinery Piping (Applicable to Compressor 

Skids Only) 

€316.5 Steel Pipe Flanges, Flanged Valves, amd Fittings 

B36.19 Stainless Steel Pipe 

- Standards 

- Uniform Building Code (UBC)-Seismic Criteria - Zone 2 

Tubular Exchange Manufacturers Associations (TEMA) 

International Conference of Building Officials 

Temperalures and Pressures as Predicted For EBT-P System Including Normally 

Expected Excursions 

LN Storage = 900 
LMe storage = 17 

GHe Storage E. 1510,000 SCF @ 800 PSI 
Piping to Handle Full Flow 

Each Compressor S id Rate for Stand-By Heat Load + 50% Margin = 195 f/hr + 
1430 Watts 
HZefrigerator~_liquefier Rated For Total Heat Load + 50% Margin 

F=: 280 Liters Per Hour + 2000 Watts 
€or Monitoring and Control By One Operator 
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Reliability and Repair Times 
9000 Hour MTBF Typical 

16 Hour MTTR Typical 

3.3.1 Additional Critieria - Additional criteria are imposed by the performance charac- 

teristics of the devices the cryogenic system supports. Those requirements are shown in 

Tables 11, 111, and IV. Facility requirements are shown in Table V. 
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Device Element 

Mirror Magnet 

Steady State 
Dewar Losses 

Steady State 
Lead Losses 

Total Steady 
State Losses 

Standby Dewar 
Losses 

Standby Lead 
Losses 

Total Standby 
Consumption 

Gyrotron A 
Operational 
Losses 

Standby 
Losses 

Table I1 Helium Delivery Requirements 

Consumption 
Each Element 

26.8Rhr (m19.0 W) 

5.0 Phr 

31.8 Phr 

3.4 Q h r  

16.1 Ilh 

1.2 P/hr 

1.2 P/hr 

Number Total Fluid ~ r Q ~ e ~ t ~ ~ $  A 
of Elements Consumption Inlet Outlet 

36 

964.8 Illhr Liquid @ Vapor @ 
4.2K 4.2K 

180.0 Rhr Liquid @ Gas @ 
4.2K 300K 

1144.8 P/hr 

456.8 Q/hr Liquid @ Vapor @ 
4.2K 4.2K 

122.4 Q/hr Liquid @ Gas @ 
4.2K 300K 

579.2 nh 

7.2 L/hr Liquid @ Vapor @ 
4.2K 4.2K 

7.2 Illhr Liquid @ Vapor @ 
4.2K 4.2K 

Notes: A Liquid at  4.2K is saturated liquid in the pressure range of 14.7 .+ 0.3 PSIA. 

A Gyrotrons will be bulk filled daily. Approximate volume of each gyrotron is 60 liters. 

A Upgrade Requires 15 Total Gyrotrons. 
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Table 111 Nitrogen Delivery Requirements A 
Consumption Number Total Fluid Properties A 

Device Element Each Element of Elements consumption Inlet Outlet 

Mirror Magnet 3 1.5 Blhr (-66 W) 36 54.0 Bhr Liquid @ Vapor @ 
$OK 80K 

A 
Gyrotron Magnet a 3 0.4 Blhr 

Vacuum Pump 
Trap 

Soft X-Ray 3 Bhr A 
Spectrometer 

6 

6 

1 

2.4 P/hr Liquid @ Vapor @ 
$OK 8QK 

THD Liquid @ Vapor @ 
80K $OK 

3 Q h r  Liquid @ Vapor @ 
80K 8QK 

NOTES: A Delivery pressure at  control valve is approximately 25 psig 

Cold Box and distribution system consumption i s  not included. 

A Flow to these elements is continuous in an automatic quasi flooded system. 

A This element will be batch filled daily. 
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LHe Dewar 

Total Volume 

Min. Operating Volume 

Max. Operating Volume 

Pressure Rating (LHe Dewar) 

Table IV  Mirror Magnet Character is t ics  

Design 

Operating Range 

Quench Mode Max. 

Quench Mode Rise Rate in Magnet 

Burst Disc Setting 

Heat Flux (LHe Dewar) 

Operating (plasma powered) 

Standby (no plasma power) 

Insulation Vacuum Loss 

Maximum Cooldown AT (300-100'K Range) 

Maximum Design Pressure LN2 Line 

AP Across LN2 Pass 

30.0 II 

20.0 II 

25.2 II 

50 psia 

14.7 rt 0.3 psia 

50 psia 

230 psi/sec est. max. 

28 psia 

19.0 W (see Table I) 

9.0 W (see Table I) 

16,800 W 

10K 

30 psig 

5 psi 
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Table V Utility Interfaces 

Electrical Power 

2400 VAC, 34, 60 HZ 
450 VAC, 34, SO WZ 
110 VAC, 14, 60 HZ 

Instrument Air 

Filtered and Oil Free Air at 1OC PSIG and 104'F 

Cooling Water 

Demineralized 
Inlet Temperature to Equipment 100°F 
Maximum Temperature Rise Across Equipment 18°F 
Pressure 120 psig Nominal 
Flow Hate TBD 

EBT--P610 
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4.0 DESIGN DESCRIP 

4.1 INTRODUCTION 

The cryogenic system as designed and installed is a complete utility requiring only facility 

power, cooling water and instrument air for operation. The distribution portion of the sys- 

tem depends on the I & C system for operation while the remainder is supported by its 

own instrumentation and control subsystem. 

The primary function of the cryogenic system is to deliver liquid helium and liquid nitro- 

gen to the EBT-P device and associated equipment and to liquefy helium to compensate 

for total device losses. Liquid use points include: 

(1st level) 

e Superconducting gyrotron magnets 

8 Diagnostics 

0 Vacuum Pump traps 

(2nd level) 

0 Superconducting mirror magnets 

8 Diagnostics 

In addition, warm gaseous nitrogen is supplied to the vacuum system and for general use 

on both levels of the device enclosure. 

Cryogenic manifolds on the first level are designed to allow additional drops to accommo- 

date the future upgrade to 15 gyrotrons. 

Installation of the system in the ORVlP facility is shown in Figure 1. Additional detail of 

the installation is shown in the drawings listed in Table VI and included in Appendix B. 
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70B373000A EBT-P Block Diagram, Liquid and Gaseous System, Cryo 

70B373001 EB'I'-P Cold Box Facility Interface 

70B373002 RBT-P Liquid Helium Dewar Facility Interface 

70B373004 EWT-P Gaseous Helium Storage Tank Facility Interface 

70B373005 EBT-P Helium Manifolds, Cryo-Pump Systems 

70B373006 EBT-P Liquid Nitrogen Storage Tank Facility Interface 

70B373088 EBT-P Magnet Supply/Ret,urn Manifolds, Cry0 

70B373009 EBT-P Magnet Interface, Cryo 

70B373010 EBT-P Magnet Supply/F-teturn Envelopes, Cryo 

70B373011A EBT-P Facility Routing Envelopes, Cryo 

70B373007 EBT-P Gaseous Helium Storage Tank 

70B373012 EHT-P Liquid Helium Dewar 

70B373013 EIBT-P Gyrotron Interface 

70B373014A EBT-P Gyrotron Supplybtedurn Manifold 

70B373015A EBT-P Gyrotron Supply/lReturn Envelopes, Cry0 

70B373016A EBT-P Cryo Subsystems Facility Installation 

70B373017A EBT-P Liquid and Gaseous System Sc 

70B373018 EST-P Cold Box 

70B373019 EBT-P Lead Blower Interface 

70B373020 EBT-B Auxiliary Heat Exchanger 

70B373021 EST-P Helium Compressor 

70B373022 EBT-P Liquid Nitrogen Dewar 

70B373023 EBT-P Cryo Supply - Vacuum System 

*Indicates a drawing that will be forwarded upon completion. 

**This drawing is conceptual and as such does not include all components necessary for 

***This drawing is now obsolete as a result of the current vacuum pump system 

system operation. 

configuration. 

DRAWING LIST 

TABLE VI 
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0 

375-413-001 Device Enclosure 

0 

0 

70B374001 EBT-P Device Enclosure Bldg 
70B378011 EBT-P Control/Computer Room Floor Paln 

502-101-001 Plan-Test Center Ground Floor 
502-101-010 Plan-Test Center Second Floor 
502-105-001 Sections and Elevations - Test Center 
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The system is composed of the following major elements, 

* 

e 

e 

e 

e 

e 

e 

0 

0 

e 

0 

e 

e 

Closed Cycle Helium Refi.igerator/Eiquefier (Includes Two Compressor Skids and a 

Cold BQX) 
Liquid Helium Storage Dewar 

Three High Pressure Gaseous Helium Storage Tanks 

Cryogenic Helium Distribution System 

Gaseous Helium Distribution System 

Liquid Nitrogen Storage Dewar 

Liquid Nitrogen Distribution System 

Auxiliary Heat Exchanger for Cooldown and Warm-up 

Instrumentation and Control Subsystem 

Gaseous Nitrogen Distribution and Vent System 

Vapor Cooled Lead Blowers 

Cold Box By-Pass Heat Exchanger 

Gas Purification System 

The system is configured for maximum utilization, flexibility and safety. 

provided where reliability, maintenance, and cost considerations warrant. Provisions are 

ed to allow continued device operation in the event of a major refrigeratorhiquifier 

failure (requires gaseous helium overboard venting). Continued system refinement during 

Title II will be directed toward rnininniziiig heat losses and optimizing overall reliability. 

Major components of the cryogenic distribution system, as shown in Figure 9, me located 

in or adjacent to the mechanical equipment building, with the exception of the liquid heli- 

um dewar which is on the roof of the device enclosure. Interface drawings for each compo- 

nent will be generated or updated during Title TI and controlled by MUAC-St. Louis to in- 

sure proper subcontractor direction and minimize system installation problems. 
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The entire cryogenic system, with the exception of the high pressure gaseous helium tanks 

and the liquid nitrogen dewar will be procured from one subcontractor during Title TI as 

described in the Procurement Specification shown in appendix A. The subcontractor will 

be responsible for: 

0 system optimization/analysis/integration 
a detail design 

0 hardware fabrication 

instrumentation and control interfaces 

0 system installation 

Overall direction will be provided by MDAC through the component interface drawings 

and system envelope drawings as listed in Table VI. These drawings provide sufficient in- 

formation to maximize cryogenic subcontractor flexibility while maintaining envelope con- 

trol required to allow design of the various other EBT-P device subsystems. (Note that 

these first generation drawings will require changes/updates as the Title II effort contin- 

ues. Also, since their function is to control general system layout, exact fabrication details 

and system performance parameters, contained in the procurement specification, are not 

shown. 

The following paragraphs provide a detailed description of the various parts of the cryo- 

genic system and their design philosophy. 

4.2 LIQUID HELIUM STORAGE DEWAR 

A liquid helium storage dewar with a capacity of 17,300 liters minimum and a 10 percent 

ullage is located on the roof of the EBT-P device enclosure, as shown in Figures 10 and 11. 

The dewar capacity is based on existing proven hardware that is currently being produced. 

Tank design details include: 

0 horizontal tank configuration , 
designed/fabricated in accordance with ASME Code Section VI11 

35 psig design pressure 

.75% boiloff maximum over 24 hours 
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getter vacuum enhancement 
* 
* 
* 

proven and demonstrated design 

integral joule thornpson expansion valve 

one year minimum vacuum integrity 

appropriate safety and maintenance devices 

appropriate instrumentation for 1 & 6: interface 

See Figure 12 for the liquid helium dewar schematic. 

High pressure cold gas is filtered and delivered to the liquid helium storage dewar from 

the cold box, An integral Joule Thompson (JT) valve liquefies the gas at the dewar inlet. 

Maximum liquid production is estimated at 700 liters per hour. Cold gaseous ~ ~ l ~ ~ m  that 

is not liquefied in the expansion is returned to the cold box to refrigerate the incoming 

high pressure helium stream from the: compressors. 

In the event of a cold box failure, cold helium boilof€ gas from the dewar e m  be either 

warmed by the cold box by-pass heat exchanger and fed into the compressor idee or vent- 

ed to the atmosphere. (Venting would only be required if both compressors had failed or 

the three gaseous helium storage tanks were ful 

Since the output capacity of the two gaseous helium compressors exceeds the flow re 
ments for mirror magnet cooldown, separate piping is used between the cold box and Biq- 

uid helium dewar thus allowing some liquid production during the cool 

Liquid helium is delivered to the use points by head pressure resulting from the ~1~~~~~~ 
location of the dewar. This results in a pressure of approximately 1 psi at the mirror coils 

and 2.5 psi a t  the gyrotron M 

Piping and facility interface requirements for the dewar installation will be c o ~ ~ ~ i i ~ ~ ~ ~ ~  

with the selected cryogenic subcontractor during Title 11. Interface drawings will be updat- 

ed and generated by MDAC-St, Louis. 
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4.3 CRYOGENIC HELIUM DISTRIBUTION 

The cryogenic helium distribution system forms a part of the overall closed loop helium 

system. It provides saturated liquid at approximately 4.2K to the mirror magnets and 

gyrotron magnets and returns cold gaseous helium to the cold box. The distribution system 

in conjunction with the magnet and gyrotron dewar loads forms a very complex network. 

Therefore, dynamic problems may exist. Both MDAC and the subcontractor choosezn to 

design the complete cryogenic system will evaluate the system during Title I1 to identify 

potential dynamic problem areas. 

The general piping arrangement shown in Figures 13 through 20, provide the following 

flow arrangement: 

A single line transports the liquid from the storage dewar to the device enclosure 

The pipe penetrates the enclosure through south wall on the second level 

Within the enclosure liquid helium flow is split to service both the first (gyrotron) 

and second (mirror magnet) levels 

Liquid helium flow to the first level is manifolded around the lower level with indi- 

vidual drops interfacing with each of the gyrotrons through bayonet connections 

Liquid helium flow to the second level is divided with each leg servicing a half 

manifold located on the device structure 

Individual drops interface with the mirror magnets from each leg 

Cold gas from both levels is manifolded and returned to the cold box 

Warm gas from the mirror coil vapor cooled leads is manifolded and returned to the 

compressors 

Design details of the liquid and cold gaseous helium transfer lines are as follows: 

All welded construction except at the gyrotron interface 

ASTM A240 304L is the principle material 

Remaining materials, are capable of withstanding 108 rads/year x-ray dose with no 

performance degradation during 10 year life 

Modular pipe spools are utilized to minimize field joints and field erection labor 
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Pipes are vacuum jacketed utilizing superinsulation and getters to minimize heat 

leak and t o  insure vacuum integrity 

All lines are evacuated and sealed prior to delivery 

Bellows are installed in the drop-jackets to provide interface alignment capability 

Pressure relief devices are installed in all blocked lines 

Long stem vacuum jacketed globe valves with pneumatic operators are used to mini- 

mize heat losses and facilitate remote operation 

Heliuni vapor furnied in the distribution piping which backstreams to the liquid helium 

dewar is piped back to the cold box. A vapor bleed provision is located in the liquid sup- 

ply line at  the first/second level flow junction and at  four locations in the mirror magnet 

manifolds. Thew bleed provisions, comprised of a liquid level sensor and a manual valve, 

and are intended to minimize the amount of vapor ingested by the use points. The manual 

valves will be fully opened during cooldown to facilitate gas flow to the return line and 

partially closed afterwards to a position that maintains a liquid level in the fluid line dur- 

ing standby operation. Vapor remaining in the fluid lines is swept into the using device. 

Note that the bleed provision is not designed to insure a 100% liquid quality in the mani- 

fold but rather liquid availability to all magnets for all operational modes. (Provision will 

be made to allow the addition of pneumatic operators for automatic operation of the bleed 

valves in the event that it becomes necessary). The need for this provision will be studied 

during Title 11. 

The liquid helium distribution is configured to supply continnous demand liquid flow to the 

mirror magnets and intermittent flow to the gyrotron magnets (batch fill). A pneumatic 

operated valve in the liquid line to the gyrotrons is closed after the batch fill operation 

thus stopping all flow to the first level of the device enclosure, Refill of the gyrotron mag- 

net dewars is accomplished by opening the pneumatic valve and reflooding the first level 

mani"Eo1d. Since the "Eirst level cold gas-bleed pr~visicii remains open, only cod down vapor 

(if any) will be forced thru the gyrotron magnet dewars. 

The liquid and cold gas helium manifold on the torus level are fabricated in two half sec- 

tions. This rnininiizes the line length to the furthest magnet and allows more generous fab- 

rication tolerances. Drops are located to minimize line length but priority has been given 

to valvelvalve operator accessibility. Each mirror coil drop has internal and external pipe 
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Cryogenic Systems 

bellows to provide a minimum of 1.5 inch flexibility in each of six degrees of freedom €or 

mirror magnet alignment. There are two separate liquid helium supply drops to each mag- 

net. One is used during cooldown for bottom fill and the other during operation €or top 

fill. Both lines contain pneumatic operated valves and are welded at  the mirror coil 

interface. 

Pipe spool lengths are as large as possible based on device enclosure access and 

handling/shipping requirements. All field joints (except at the gyrotreon interface) are weBd- 

ed to minimize heat losses and conserve space. Evaluation of troubleshooting and repair 

techniques for this all welded pipe system will be done in Title IT. 

Currently no special provision has been made to minimize the heat leak from the cooldowm 

helium drops after they have been closed off. Space limitations may preclude the possihil- 

ity of taking the cooldown liquid off the top of the supply manifold and forming a vapor 

lock as shown in Figure 21. An alternate configuration is shown in Figure 22, Rolh O,hese 

options will be analyzed more closely during Title 11. 

The cold gaseous helium return from the mirror coils i s  fabricated with a mirror coil 

quench relief provision. An in-line check valve and burst disk connected in series are con- 

nected to each mirror coil return drop. This relief maintains the internal pressure of the 

mirror coil dewar below its 50 psia design pressure. Presently all quench helium is vented 

into the torus enclosure, A potential safety problem has been identified for this approach 

if personnel are allowed in the torus enclosure? when the magnets are ~ ~ ~ ~ ~ ~ ~ d -  The potsla- 

tial exists for personnel to come in contact with cold liquid or vapor in the event of a mag 

net quench. The current operating procedure will preclude personnel from being in the en- 

closure when the magnets are powered. If this procedure is changed and persmne1 are 

allowed in the enclosure with the magnets powered, other options will be examined cluring 

Title 11 for handling vent gases resulting from a magnet quench. 

During Title 1, various techniques were evaluated for collecting and recycling the gas i r e -  

sulting from magnet quenches. None of the techniques were incorporated because the add- 
ed system complexity, heat leaks and cost could not be justified based on estimates of the 

cost of the helium lost. 
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Warm gaseous helium bled through the mirror coil vapor cooled electrical leads is 

manifolded and piped back to the compressor inlet via redundant lead blowers. The tem- 

perature of this gas is assumed to be approximately 3QOK, therefore single walled pipe is 

used throughout. During Title 11, the exit gas temperature will be reexamined. If it is 

found to be below the dcwas point, insulation will be required on the lines inside the torus 

enclosure. 

A pneumatic operated valve is located in each lead drop (2 per magnet) in order to control 

the gaseous helium flow rate. The pneumatic circuit to these valves provide three valve po- 

sitions; manually closed, fully opened, partially opened. The partially opened position is 

sized for normal mirror coil operating helium flow at sonic conditions through the valve. 

The fully opened position is provided to prevent lead overheating. (Lead temperature in- 

crease results in decreasing helium flow for a fixed orifice). Two gaseous helium blowers 

(vacuum pumps) located in the mechanical equipment building, maintain line suction and 

sonic flow through each valve in both valve positions. Accumulators will be analyzed dur- 

ing Title I[ and included if required. 

Quench relief provisions for the gyrotron magnet dewars are integral with the dewar. No 

additional relief is contained in the distrilbution piping. Quench helium from the gyrotrons 

is also vented within the device enclosure. There is no current plan to collect and/or 

recycle gyrotron quench gas. 

Helium supply/return drops interface with the gyrotrons through bayonet fittings. A large 

percentage of the drop length is vacuum jacketed flex hose. Dr0ps tee off the supply mani- 

fold between adjacent gyrotrons. This configuration, coupled with the built in line flexibil- 

ity, provides frontal access for the support equipment used to installlreplace gyrotron 

tubes. 

Electrical leads on the superconducting gyrotron magnets are not vapor cooled by a sepa- 

rate flow stream. Therefore, all helium from the gymtrons is cold gas and is manifolded 

and returned to the cold box. 
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An extra liquid helium supply drop and bayonet i s  provide on both the first and second 

level to service diagnostic devices QT other supplemental equipment. The service drop on 

the first level is operable only during gyrotron batch fill (block valve open). 

Piping layout and facility interface requirments will be controlled by the envelope 

drawings listed in Table VI. 

4.4 MIRROR COIL INTERFACE 

Cryogenic helium and nitrogen supply and return drops are welded at  the 

face. Figure 23 and 24 show the general configuration of the rn net interface, Details me 
shown in drawing 70B373009. The liquid helium supply an n pipes can be re 

from the magnet stack to facilitate welding, Clearances for the nitrogen supply and return 

lines are adequate for either manual or automatic welding. The vapor cooled leads contain 

internal pipe thread ports to attach the warm helium drops. ring Title IT, the use of 

threaded connections in this application will be studied further re making a final deei- 

sion on their use. 

There are two separate liquid helium supply lines utilize on each mirror magnet. Each is 

provided with a pneumatic operated valve. One is used during cosldown and pipes the liq- 

uid to the bottom of the mirror coil dewar. The other is a top fill line that delivers the Biq- 

uid into the upper end of the mirror coil stack as shown in Fi 

The bottom/top fill approach is a result of cooldown and vapor separation considerations. 

The bottom fill technique is required for effective and rapid cooldown of the magnet pack, 

During operation, bottom filling could result in warm helium vapor impinging on the 

superconducting coils. Helium trapped between the supply vake and the dewar could corn- 

pletely vaporize and begin to warm when the magnet was not demanding liquid. Various 

alternate methods of filling were considered. The dual line concept was selected because of 

the low risk involved. See Section 5.0 for details of the analysis. 

The interface between the cryogenic system and the mirror magnet involves a number of 

related concerns that will be resolved during Title 11. The major concern is related to the 

stability of the boiling helium pool in the magnet dewar stack. The stability of the pool 
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MIRROR MAGNET DEWAR 
INTERFACE SCHEMATIC 

FIGURE 24 
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M I R R O R  C O I L  LHE SUPPLY CQNFI&URATION 
FIGURE 25 ’ 
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will influence the phase separation process of the fluid that is introduced to maintain the 

liquid level in the dewar. A highly unstable pool could result in little separation of the liy- 

uid from the entrained vapor as fluid is introduced into the dewar. 

The helium distribution system maintains a continous supply of liquid that is available to 

the mirror coils. Instrumentation in the magnet is used to sense the level of the liquid c d -  
umn in the stack and open the supply line valve when the level falls below a specified val- 

ue. Liquid level height and tolerance is specified by the mirror coil subcontractor, 

Gaseous helium is vented either through the magnet stack vent pipe (4.2M gas) or through 

the vapor cooled leads (300K gas). The stack vent is sized to handle normal operational 

flow and quench flow to the pressure relief device located in the distribution piping. Suc- 

tion is provided on the vapor cooled lead return lines to cause sonic flow across valves in 

the distribution piping. These valves have three positions manually closed, partial open- 
normal flow, full open-maximum cooling), to protect the leads from overheating during 

normal operation as well as any anomologous condition. 

The liquid nitrogen line is valved on the supply side. Instrumentation on the return side 

maintains a flooded shield. 

All drop lines attaching to the mirror coil contain sufficient flexibility, 1,s inch minimum 

in six directions, to allow for alignment after installation. The pipe jacket, size is increased 

at the interface to reduce heat losses in the drop lines. 

In the event of a magnet quench, the distribution system will allow either of two modes to 

re-establish operation: 

1. Mirror coil liquid reflood 

Replace burst disk(s) 

Open liquid helium cooldown supply valve and reflood affected dewars 

Mirror coil dewar temperature must be 4K to 100K. 
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2. Controlled cooldown after quench 

Replace burst disk(s) 

Close off liquid helium service to all mirror coils 

Open bottom fill valve to quenched coils 

Perforni required controlled cooldown procedures €or quenched magnets until 

they reach the temperature of the unquenched magnets 

Continue cooldown in normal rnanner 

* 
e 

9 

0 

4.5 GASEOUS HEEPIJ ISTRIBUTION 

The gaseous helium distribution system is a closed loop system providing helium to the 

auxiliary heat zxchanger, GHe storage tanks, vapor cooled lead returns and cold box a t  

various temperatures and pressures. The system is designed to recover all gaseous helium 

during nornial modes of operation. 

The general piping as shown in Figures 14 through 20, 26, and 27, provides the following 

flow arrangement: 

‘Three storage tanks supply warm, low pressure helium to compressor input 

Two parallel compressors supply warm, high pressure helium to the auxiliary heat 

exchanger and cold box 

‘The compressors are piped to allow refill of the three storage tanks, using helium 

return gas, in the event of cold box maintenance or failure 

The auxiliary heat exchanger provides low pressure helium, at temperatures from 

300K to 100K, to the mirror magnets during cooldown 

The cold box supplies medium pressure, cold helium to the liquid helium storage 

dewar for liquefaction and low pressure, cold helium to the mirror magnets during 

Warm helium is returned from the mirror magnet vapor cooled leads and cold box 

to the compressor first stage (two parallel redundant gaseous helium blowers (vacu- 

um pumps) maintain the mirror magnet vapor cooled lead valve pressure for sonic 

flow). 

Cold helium is returned from the mirror magnets, gyrotrons, and liquid helium dew- 

ar to the cold box. 

CoQldOWn. 
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708373001 COLD BGX 
FACILITY INTERFACE 7oa373ozo HEAT I- EXCHANGER REF 

N 

703373013 CRYOGENIC SUBSYSTEMS 
F A C I L I T Y  INSPPLLATION 
!MECHANICAL EOillPMENT' BLBGI REF 

TORUS ENCLOSURE REF- I 
70837400 I 

708373002 LHE DEWAR 
FAC I L I TY I NTERFACE 

REF 

TORUS C/L REF 

703373021 HE COMPSESSGR 
2 PLACES REF 

&COLD BOX BYPA55 HEAT 
EXCHANGER REF 

L700373006 LNZ TANK 
FACILITY INTERFACE 
REF 

19 WARM GHE BLOWER 
REF 

708373004 GHE STORAGE TANK 
FACILITY JNTERFACE 

GENERAL P I P I NG L A Y O U T  
PLAN VIEW 
FIGURE 26 

708373007 GHE STORAGE 
T A M  3 PLACES REF 

CSEE BWG 708343011) 
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A cold box bypass heat exchanger is provided to warm the helium and return it to 

compressor first stage during cold box maintenance. 

A parallel line allows cold helium from the torus mirror coils and gyrotrons to be 

passed through the auxiliary heat exchanger during cooldown. 

Three gaseous helium storage tanks with a combined volume of 7500 cubic feet (water vol- 

ume) minimum are located adjacent to the mechanical equipment building. These tanks 

have a design pressure of 300 psig at 70F and can be filled from cylinder trailers or by the 

refrigerator/liquefier compressors. The latter option is provided to recover helium return 

gas during cold box maintenance. This option can also be used to continue device oper- 

ation for a short period in the event of a cold box failure. The tanks and piping are de- 

signed to allow the addition of extra tanks in the future. 

Two parallel cornpressor skids are located within the mechanical equipment building. Each 

skid is capable of maintaining the standby flow rates thus allowing compressor mainte- 

nance during the stand by mode. See section 4.7 for details on the liquifierhefrigerator. 

An auxiliary heat exchanger is used for device cooldown/warrn up operations. High pres- 

sure warm helium is regulated down and passed through a liquid nitrogen cooled heat ex- 

changer. The liquid nitrogen flow rate is modulated to provide a controlled cooldown rate 

of the mirror magnets from 300K to 100K. Return cooldown gas is piped back to the auxil- 

iary heat exchanger and used to refrigerate the incoming warm helium stream. An electric 

heater is used during warm up. Cooldown performance requirements are shown in Table 

VII. 

77 

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY-5T. LOUIS DIVISIOM 



Cryogenic Systems EBT-PO9 0 

26 February 4982 
Volume VI1 

Table VI1 C d d o w n  Performance Requirements at Each Mirror and Gyrstran Dewar Interface 

Load Temperature? Cooldown 
Kange K Element 

300-100 Aux. Heat 
Exchanger 

100-10 Cold Box 

10-4.2 Dewar 

300-100 Aux. Heat 
Exchanger 

100-10 Cold Box 

0-4.2 Dewar 

GIPe Flow Inlet 
Rate g / s  Pressure PSIA 

3.4 

2.1 
2.1 
2.1 

1.0 

0.5 

0.3 
0.3 
0.3 

1.0 

Mirror Mamet 

25 

25 
25 
25 

15.7 

Gyrotron Magnet 

25 

25 
25 
25 

15.1 

inimum Inlet 
Temperature O K  

80 

50 
25 
10 

4.2 

80 

50 
25 
10 

4.2 

Inlet-Outlet 
AT O B  

Max Min 

220 10 

35 5 
30 5 
20 5 

N I A  NIA 

220 10 

35 5 
30 5 
20 5 

N I A  N I A  

Cold gaseous helium from the cold box is piped to the liquid helium storage dewar for 

liquifaction (see Section 4.3) and to the torus mirror coils and gyrotron magnets during 

cooldown. Cold box cold gaseous helium and liquid helium utilize common delivery piping 

within the device enclosure building. (Cooldown procedures are to be performed simulta- 

neously on both levels. See Section 4.2 for torus mirror coil quench recovery and gyrotron 

batch fill procedure outlines). See Section 4.7 for details on the liquifier/refrigerator. 

4.6 LIQUID NITROGEN DISTRHIBUTION 

?‘he liquid nitrogen distribution system is a vacuum jacketed open loop system. It provides 

saturated liquid, from a storage dewar located adjacent to the mechanical equipment 

building, to the auxiliary heat exchanger, mirror magnets, gyrotron magnets, vacuum pump 

traps, and cold box. Warm nitrogen from the liquid nitrogen storage dewar vaporizer cir- 

cuit is provided for general facility uses in the enclosure. A spare manual valvehayonet 

drop is located on both levels on the torus enclosure to service diagnostic needs. 
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The general piping scheme as shown in Figures 14 through 20, 26, and 27 provides the fol- 

lowing flow arrangement: 

Liquid nitrogen is piped through the mechanical equipment building to the device 

enclosure south wall. 

Liquid to the auxiliary heat exchanger and cold box is teed off this line. 

Within the enclosure wall the liquid flow is split to service both the first (gyrotron) 

and second (mirror magnet) levels. 

Liquid nitrogen flow to the first level is manifolded around the room with individual 

drops interfacing with the use points. 

Liquid nitrogen flow to the second level is split once again with each leg servicin 

half manifold on the device structure. 

Individual drops interface with the use points. 

Cold gas return from both levels is manifolded and piped outside the enclosure 

where it is vented. 

Design details of the liquid and cold gaseous nitrogen are similar to those for helium listed 

in Section 4.3, 

Liquid nitrogen distribution is configured to supply continuous liquid flow to both levels 

of the device enclosure building. Bilevel liquid sensors located in the mirror magnet and 

gyrotron magnet nitrogen shield vent lines operate pneumatic control valves to maintain 

liquid in the shields. As noted, additional work will be performed on this arrangement dur- 

ing Title I1 to verify the applicability of this approach. 

Cold nitrogen return piping is vacuum jacketed within the enclosure building to preclude 

frost and moisture formation. 

Each mirror coil drop has internal and external pipe bellows to provide a minimum of 1.5 

inch flexibility in each of six degrees of freedom for mirror coil alignment. As with the he- 

lium drops, the nitrogen drop lines have been located for maximum valve/valve operator 

accessibility. The nitrogen lines are welded at  the magnet interface. 

Nitrogen supply/return drops interface at  the gyrotron with bayonet fittings. A large per- 

centage of the drop length is vacuum jacketed flex hose, as detailed for the helium lines. 
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4.7 GASEOUS N BTROGEN DlSTRPBUTXON 

A portion of the liquid nitrogen inventory is vaporized by a vaporizer circuit in the storage 

dewar. Gaseous nitrogen is piped into the device enclosure, 2nd level, to mirror cavities 2 

and 32 where it is used for vacuum system repressurization. 

?‘he gaseous nitrogen line is teed outside the device enclosure south wall and routed 

around the enclosure 1st level for use by the vacuum system pump stations. See drawing 

70B37502.3 for detail information. 

Gaseous nitrogen use rates for the vacuum system will be determined during Title 1%. 

A utility outlet is also provided within the device enclosure on both levels. 

The refrigerator/liquefier (R/L) consists of two complete and autonomous compressor skids 

and a cold box assembly. The capacity of the R/L is 2000 watts of refrigeration and (si- 

multaneously) 280 liters per hour of liquification. When operated as a liquefier from an 

ambient temperature helium gas supply, it will liquefy approximately 700 liters per hour. 

Each compressor skid is sized to supply gas to provide an R/L capacity of 1430 watts and 

195 liters per hour. 

.I- Compressors - The compressors are oil-injected screw machines that supply heli- 

um gas for system operation. The compressor drivers axe electric induction motors with re- 

duced voltage starting. Two identical compressor skids are utilized. Each skid has the ca- 

pacity to supply helium to maintain the system in the standby mode while the other is 

being serviced. The compressors have a minimum performance history of 9000 hours of 

continuous operation without requiring major maintenance. 

Both cornpressor skids are furnished with all the equipment required for operation. The 

compressors and associated equipment are supplied as complete skid mounted modules to 

minimize field installation. Components are shock mounted on the skid or the complete 

skid is shock niounted to prevent transmission of vibration loads into the skid mounting 

surface. 
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The oil separators are designed to require off-line regeneration (cleaning) or blowdown no 

more frequently than once every 8 hours. Instrumentation is provided to indicate when re- 

generation is required. A safety shutdown feature is incorporated to stop the compressor 

prior to separator breakthrough. Blowdown is through a common vent. The oil removal 

system is a proven design with a performance history of 9000 hours of continuous oper- 

ation or more without major maintenance. 

In addition to safety devices required by the design codes, the following compressor inter- 

locks and audio and visual alarms are provided on the refrigeratorhiquefier control panel: 

High pressure alarm 

0 Vibration shutdown 

Low suction temperature and pressure alarm and shutdown 

Low oil pressure alarm and shutdown 

Low cooling water alarm and shutdown 

Motor overheat alarm and shutdown 

Pressure drop alarm across oil removal devices 

Each compressor skid is supplied with the following instrumentation located on the com- 

pressor control panel: 

0 

0 

0 

Suction temperature and pressure indicator on the first stage. 

Discharge temperatures on each stage. 

Discharge pressures on each stage. 

Automatic recycle control valve with controller capable of handling full compressor 

flow. 

A completely automatic anti-surge control system which shall not result in venting 

of helium gas. 

An orifice meter with a calibrated differential pressure gauge shall be installed in 

the high pressure discharge line to monitor compressor performance. 

All other instrumentation required for operation. 

Running time meter. 
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‘The compressors are designed so that damage t o  the compressor will not occur in the 

event of the loss of instrument air, coolant, or electrical power. 

‘The coinpressors are equipped wilh a control valve in both the first and second stage suc- 

tion to provide turndown capability to accommodate the modes and associated flow rates 

described herein. The compressors are designed for completely independent parallel oper- 

ation. (Actual refrigeratorlliquefier operation during modes requiring less than full flow, 

i.e., or throttled flow, will be determined during Title 11). 

Because the pressure in the magnet dewars must be maintained a t  14.7 k 0.3 psia, the 

cornpressor first stage must run sub atmospheric. As a result, the compressor first stage 

and the piping and associated components connecting to the magnet vent lines must be 

designed utilizing high vacuum technology. 

All pressure vessels and shells of shell and tube heat exchangers are designed, fabricated, 

inspected, tested and stamped in accordance with ASME Section VIII. ‘ I l e  piping is de- 

signed, fabricated, inspected and tested in accordance with ANSI B31.3. Heat exchangers 

conform to TEMA standards. All tubes of shell and tube heat exchanges are welded to the 

tube sheets to prevent leakage. 

4.8.2 Cold B x - The cold box consists of the heat exchmgers and turbo-expanders re- 

quired to refrigerate the helium gas. The cold box vessel containing the heat exchangers 

and turbo-expanders is constructed of carbon steel and insulated to prevent the ternpera- 

ture of the external surface from dropping 5°C below ambient temperature. 

The cold box vessel is suspended from a top hat section and the lower section is 

configured to allow lowering to provide access to internal cold box components. The cold 

box structure and the mechanism to lower the bottom section is provided in a modular 

package. The cold box and structure is supported from the mechanical equipment building 

floor. 

The cold box is designed to withstand the warm-up and cool-down cycles that will be en- 

countered during 10 years of operation. Transition joints utilized within the cold box are 

capable of withstanding 10,080 temperature cycles from 400M to 4M without loss of struc- 
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tural integrity or measurable leakage. Under steady state operating conditions the cold box 
is capable of maintaining a vacuum level of less than 1 x 1.0-5 torr via the vacuum system 

that is supplied as part of the cold box. The piping within the cold box and the penetsa- 

tions from the box are designed to accommodate thermal motion over the entire operating 

temperature range. All instruments and valves located within the cold box are accessible 

with the bottom lowered. The piping is laid out to provide for oil removal by solvent 

flushing. 

The cold box includes a 30 micron filter on the warm inlet process streams to prevent mi- 

gration of particulate matter into the cold box circuits. Downstream filters are provided to 

prevent migration of solid particles from desiccant beds. The desiccant beds are sized to 

prevent fluidization of the bed during all operating conditions. The cold box is equipped 

with a relief device capable of withstanding full compressor flow in case of failure of high 

or low pressure components. 

The design precludes the entrapment of residual air in stagnant dead ended pipe runs dur- 

ing purge evacuation. The layout is designed to prevent the occurrence of thermal oscilla- 

tions that could interfere with the cryogenic system operation. All cold box heat exchang- 

ers are in accordance with TEMA Standards. Shells of tube and shell heat exchangers 

meet the requirements of and are stamped in accordance with ASME Section VIII. Tubes 

of shell and tube heat exchanges are welded to the tube sheet to preclude leakage. All lines 

connecting the cold box with the compressors are isolated with exible metal joints on the 

compressor end. 

The turbo-exapnders used in the cold box are the gas or oil bearing type with a proven 

performance history of 9004) hours of continuous operation. The expander design and in- 

stallation insures that the expanders will not be damaged or their performance de 

when subjected to the variations in flow, temperature, and pressure that wiU be e 

tered during operation. The cold box design allows the expanders to be replaced or re- 

paired with minimal warming of the lines and equipment. The design provides for replace- 

ment or repair of the expanders within a period of 8 hours between shut-down arid 

resumption of liquid production at  rated capacity. 
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The turbo-expanders are furnished with inlet filters to prevent particles 10 microns or 

larger from entering the expanders. The filters are equipped with indicators or alarms to 

indicate when they require maintenance. 

Instrumentation provided on the control panel displays turbine inlet and outlet tempera- 

tures and pressures, expander speed, and pressure in the brake loop. Protective devices in 

addition to those required by codes, include overspeed trip, and bearing gas or oil pressure 

alarm and shutdown. Running time meters are furnished to show total operating time, In- 

strumentation and equipment is provided to prevent the expanders from being damaged in 

the case of the loss of instrument power and or air, coolant, or lubricant. 

4.8.3 Gas Purification Subsys tem - The gas purification subsystem consists of those 

elements necessary to remove and trap contaminants entrained in the helium gas stream. 

The purification subsystem removes all contaminants that could degrade the performance 

or cause malfunction of the cold box or other components of the system when operated 

with the EBT-P device. The subsystem is designed to prevent the migration of 

contaminants into progressively colder stages of the cold box under any Combination of 

operational modes. Regeneration of the elements of the purification subsystem can be ac- 

complished without interrupting operation of the cryogenic system. Instrumentation is pro- 

vided to indicate when regeneration is required and to monitor stream purity. The 

subsystem removes and traps contaminants from the following sources during all oper- 

ational modes. 

Make-up gas from the GHe storage tanks, including impurities in the grade A heli- 

um feed gas. 

Mirror magnetic and gyrotron magnet coil and insulation materials ((3-10, Nomex, 

Kapton, Mylar tape and EC910 adhesive) 

Compressor lubricants 

Residual Contaminants in lines, etc. 

Normal leakage into the system 

Leakage into the system after a magnet quench through the safety relief check valve 

when cold or the virtual leak after burst disc replacement. 
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4.9 GYROTRON INTERFACE 

Figures 28 and 29 provides the preliminary configuration at  the gyrotron interface. Note 

that current details of the 60, and 90 GHz gyrotrons are rather nebulous. For the purpose 

of defining the cryogenic distribution system, an interface plane has been established at 

which bayonet fittings will be located. Location of this plane and the bayonet require- 

ments are controlled by drawing 70B373013. 

Unlike the torus mirror coils, there is only a single helium supply to the gyrotron magnet. 

This single line is used to both cool and batch fill the gyrotron magnet dewar to its re- 

quired liquid helium level. 

There is no current requirement for controlled cooldown of the gyrotron magnets. Initial 

cooldown, done in concert with the mirror magnets, will be as specified for the mirror 

coils. Subsequent refills of the gyrotron magnet reservoirs (batch fill) will be done by 

forced liquid flow. Depending on the time elapsed since the previous fill, the temperature 

of the supply pipe system, the level of helium remaining in the resorvoirs, etc., some gas- 

eous helium may be forced through the gyrotron magnetic dewars during refill. 

Cold gaseous helium is returned to the cold box. A manual valve in the return line is pro- 

vided to facilitate gyrotron replacement. 

The liquid nitrogen piping has a pneumatic valve on the supply and manual valve on the 

vent. The manual valve is used to isolate the gyrotron as is the valve in the helium return. 

All drop lines to the gyrotron contain a large percentage of vacuum jacketed flex line 

length. This provides not only for the uncertainty of the gyrotron interface but also for 

frontal access required by gyrotron maintenance equipment. Connections at  the gyrotron 

interface are made with bayonets. 

4.10 LIQUID NITROGEN STORAGE 

The liquid nitrogen storage dewar is a standard commercial liquid customer station with 

vacuum jacketed withdrawal line. It will be a MVE Model VLS9000 or equivalent as 
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shown in Figure 30. The dewar will be leased from a commercial gas supplier to reduce 

PACE costs as described in Section 5.4. 

The net storage capacity is 9000 gallons with a 75 psig minimum design pressure and a 26 

psig nominal operating pressure. A schematic of the dewar is shown in Figure 31. 

4.11 I[NSTRUMENTATI['ION ANI3 CONTROL SYSTE 

An instrumentation and control (I&C) subsystem is provided to allow a single operator to 

monitor and control the system during all niodes of operation. The instrumentation and 

control system consists of two major elements. The first includes those instruments and 

controls that are associated with the distribution system and are provided by MDAC. The 

second includes those instruments and controls that are associated with the 

refrigerator/liquefier and are provided by the cryogenic system subcontractor. 

The I&C elements associated with the distribution system are detailed in the I&C Title I 
report. For clarity those interfaces are shown in Figures 32 through 37. The block dia- 

grams depict the interface between MDAC and the cryogenic system subcontractor. 

The subcontractor provides the complete subsystem except as follows: 

Providing and processing the output signal of the liquid level transducers and 

supplying the 3-15 psig pneumatic control signals to the mirror magnet and gryotron 

magnet dewar helium fill valves. 

Processing the output signal of the bilevel liquid transducers and supplying the 3-15 

psig pneumatic control signals to the mirror magnet and gyrotron magnet dewar ni- 

trogen shield fill valves. 

Providing and processing the output signal of the vapor cooled lead temperature 

transducers and supplying the 3-15 psig pneumatic control signals to the mirror 

magnet vapor cooled lead valves. 

Providing and processing the output signal of the mirror coil bobbin transducers 

and supplying the control signals to the auxiliary heat exchanger. MDAC will pro- 

vide a 3-15 psig pneumatic signal to  control LN2 flow during cooldown and a 0-5 

vdc signal to control the heater during warm-up. 
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LN2 DEWAR 
FIGURE 30 
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NOMENCLATURE 
SYMBOL DESCRIPTION 
v- 1 VALVE, TOP FILL 
V-2 VALVE, BOlTOM FILL 
V-3 VALVE, FULL TRYCOCK 
V-4 VALVE, VENT 
V-5 VALVE, PRESSURE BUILDING 
V-6 VALVE, PRESSURE BUILDING AND 

V-7 VALVE, GAS USE 
V-8 VALVE, LIQUID PHASE (HIGH) 
V-9 VALVE, GAS PHASE (LOW) 
V-1 0 VALVE. EQUALIZATION 
V-1 1 VALVE. DRAIN 
V-12 VALVE, EVACUATION 

ECONOMIZER ISOLATION 

SYMBOL 
V-13 
cv- 1 
cv-2 
R- 1 
R-2 
RV-I  
RV-2 
BD-1 
80-2 
PB-1 
u-1 
G- 1 
S 1  

DESCRIPTION 
ISOLATION VALVE, ECONOMIZER 
CHECK VALVE, FILL 
CHECKVALVE, GAS USE 
REGULATOR, PRESSURE BUILDING 
REGULATOR, ECONOMIZER 
RELIEF VALVE, LINE. 350 P.S.I. 
REUEF VALVE, TANK 
BURST DISC. TANK 
BURST DISC, ANNULAS 
PRESSURE BUILDING COIL 
GAUGE. LIQUID LEVEL 
GAUGE, PRESSURE 
STRAINER 

LN2 BEI:rAR SCHEMATIC 
FIGURE 31 

SYMBOL DESCRIPTION 
c - 1  CONNECTIOY FILL 
c-2 CONhECTION. GAS USE 
C-3 CONVECTION FULL TRYCOC.( 
c - 4  CONhECTION. "ENT 
C-5 

c-6 CONNECTION VENTtCAPPE3 
c - 7  CONNECTlON DRAIN 
C-6 CONNECTlON PUMP WITHC=A:dAL 

(CAPPED) 
c-9 CONNECTION. PUMP R E T G \  

(CAPPED) 
"-1 VAPORIZER 

CONNECTION, UQUID W H E  'A tdL 
(CAPPED) 



C
ryogenic System

s 
EB

T-PQ
10 

V
olum

e VI1 
26 F

eb
ru

ary 1982 

9
2
 



C
ryogenic System

s 

I 

i
.
.
.
.
 

..... 

EC
)T--PO

10 
Volum

e VI1 
2

6
 February 1982 

9
3
 

M
C

D
O

N
P

J
E

L
L

 
D

O
U

G
L

A
S

 A
S

T
R

O
N

A
U

T
IC

S
 

C
O

M
P

A
N

Y
-S

T
. 

L
O

U
IS

 D
fV

IS
lO

R
l 



LEGEND 

AlR 
c SW ITCH 

PRESS REGULATOR 
@ llNTERLOCK 
@ OUTPUT 
0 SOFTWAFE A I R  LINE 

AC POWER 

AC WELAY 

=BAYONET 

SOLENO 10 VALVE 
MANUAL VALVE 

PPEUMATIC VALVE 

VAC JACKETED PNEU VALVE 

RELIEF VALVE 

CHECK VALVE 

Jc 
LE 
L T  
NV 
PC 
PDE 

POT 

PE 
PSH 
P T  
SE 
ST 
T 

TE 
TT 
ZE 

ClbRRENT CONTROCLER 
LEVEL SEN 
LEVEL TRA CER 
PNEU VALVE 
PROCESS CONYRmLER 
DELTA PRESSURE 
SENSOR 
DELTA PRESSURE 
TRANSDUCER 
PRESSURE SENSOR 
OVERPRESSURE SWITCH 
PRESSURE TRANSDUCER 
SPEED SENSOR 
SPEED TRANSDUCER 
BILEYEL LIQUID 
TRANSDUCER 
TEMFFRATURE S E E  
TEMP TRANSDUCER 
POSITION §ENSOR 

(LEGEND FOR FIGURES 32 - J7A) 
FIGURE 3 2 A  
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A secondary control center is located in the EBT-P control room as shown in Drawing 

70B378021 and provides the necessary control functions for both manual or computer as- 

sisted operation. The secondary control center mimics a control console located in the me- 

chanical equipment building. l'he complete system (MDAC T & C and subcontractor 

equipment) provides all control and monitoring €unctions required to operate the complete 

system. The control functions are designed as interlocked permissives using an Allen Brad- 

ley PLC-3 Process Controller. The refrigeratorl~iquefiep and cryogenic distribution system 

contrcl center includes a process flow schematic. Cryogenic system status, caution and 

warning, and master control arc? accomplished from the EBT-P Master Control Console 

(MCC) as shown in Drawing 70B378011. 

Control of the complete cryogenic system except as noted is performed from either the 

control console or the secondary control center, but not from both simultaneously. The 

transfer of control from either location is bumpless for the discrete and analog systems. All 

automatic safety shutdown controls required to protect the facility or equipment, are inde- 

pendent of either manual or computes operating control. Annunciation of each shutdown is 

displayed on both the control console, secoiidary control center and monitored by the 

computer. 

The control console provides visible indications for the valve positioii~ and compressor 

on/off conditions, Contact closures for these are also provided for the secondary control 

center. Fault conditions that preclude normal operation of the helium I.ef.ligcratas/liquefien. 

are displayed on the control console and secondary control center ith interface capability 

to the MCC and computer system. The secondary control center provides meters or digital 

displays for all flow meters, temperature and pressure measurements, or other readouts es- 

sential t~ operation of the helium refrigerator/liquef~er, and distribution systems. Analog 

or binary-coded signals representing these quantities are provided for MCC status and 

control. 

4.12 OPEN DESIGN I$ 

A number of design issues remain unresolved at the conclusion of Title i preliminary de- 
sign. These issues will be addressed and resolved during Title II detailed design. The is- 

sues and resolution approaches are summarized in Table VIII. 
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Issue 

0 Mirror Magnet Cooldown 

0 Mirror Magnet Burst Disc Setting 

@ Mirror Magnet Relief Check Valve 

0 Mirror Magnet Pool Stability and 
Vent Line Vapor Entrainment 

Vent Line Connective Heat 
Transfer 

0 LN2 Shield Flow Control 

0 Gyrotron Configuration 

0 Distribution System Bleed 
By Pass 

0 Valve Seals 

0 Vapor Cooled Lead Flow 

0 K/L Operation- Full Flow vs Turn 
Down 

0 

0 

0 

r 

8 

0 

0 

e 

e 

0 

0 

Resolution Approach 

Deterniine schedules and instrumentation 
requirements during machine development 
testing. 

GDC to rerun analysis. Set pressure to  be 
verified during machine developme 
testing. 

MDAC to analyze and further define hard- 
ware implementation. 

To be evaluated during machine develop- 
ment testing along with implementation of 
fill valve. 

MDAC t~ analyze and verify results during 
machine d ~ e l ~ p m e n t  testing. 

MDAC to analyze and compare to true 
flooded system. Selected approach to be 
verified during machine development 
testing. 

MDAC to impose design requirements on 
supplier(s). 

MDAC to verify requirement and select 
hardware approach. 

MDAC to monitor CVI tests and obtain life 
cycle data during machine developrlnent 
testing. 

MDAC to analyze and verify results during 
machine development testing. 

MDAC and cryogenic subcontractor will 
determine during Title PI. 
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Table VI11 Design Issues and Resolution Approach (Continued) 

Issue Resolution Approach 

Distribution System Heat Loads MDAC and cryogenic subcontractor will op- 
timize distribution system during Title 11. 

e Valve Motor Magnetic Materials = MDAC will determine effect on field uni- 
formity during Title 11. 
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5.0 SUPPORTING ANALYSIS 

5.1 LIQUID HELIUM DISTRIBUTION SYSTEM 

A preliminary study was performed to demonstrate the liquid helium distribution system’s 

capability to supply cryogenic helium to the thirty-six device magnets. Combinations of 

low LHe mass flowrates and high heat leaks could potentially result in a situation in which 

only helium vapor would reach the magnet dewars. A secondary objective was to compile a 

list of the heat leaks into the system for the latest configuration of manifolds, valves, etc. 

The approach taken here was, first, to follow the supply LHe transport piping from the 

main storage dewar down to the individual magnet dewars and identify the heat leaks to 

the system. Then two potential operating conditions were identified which appeared to be 

most severe with respect to supplying LHe. Finally, each of these conditions was studied 

to define the system’s performance. 

A vacuum-jacketed, 2.0 inch O.D. insulated fluid line supplies the LHe distribution mani- 

fold, which in turn feeds the 36 magnet dewars. A t  each magnet location two LHe supply 

lines connect the dewar to the manifold. One line, the “bottom-fill line”, extends to ‘the 

bottom of dewar and is used for the initial filling process. The second line, the “top-fill” 

line, extends only slightly into the stack and is used to maintain the LWe level. One pri- 

mary motivation for this study was to determine the effects of heat leaks from the bottom- 

fill line, since during normal operation these heat inputs will ultimately “percolate” up 

into the supply manifold and thereby get propogated downstream to other magnets. In or- 

der to assess these effects the following two conditions were examined: 

Condition 1 - No magnets demanding LHe except the last magnet at  the end of the 

manifold run. See Figure 38. Heat leaks from all “upstream” bottom-fill lines were includ- 

ed. This condition will tend to produce large vapor quantities in the manifold at  the last 

magnet location. 

Condition 2 - All magnets demanding LHe except the last magnet. From the first magnet 

on the supply manifold, it’s assumed that the dewars fill sequentially. The question here is 
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to determine if the magnets upstream of the last will be filled before the last magnet con- 

sumes its approximately 20 minute LHe reserve in the stack. 

An analytical approach using an expression of the first law was formulated into an auto- 

mated code to yield the LHe quality at intervals along the flow path, where 

mass of vapor 

mass liq./vapor mixture quality, x = 

The expression employed related the heat leak, Q, and quality, x, at  two locations along 

the flow-path in the following manner: 

where 

Changes in pressure along the flow were approximated from 

Nomenclature: 

1 inlet (upstream) flow position 

2 outlet (downstream) flow position 

a heat leak into LHe 

&I LHe mass flow rate 

hf enthalpy of saturated liquid 

h enthalpy of LWe flow mixture 

heat of vaporization hfg 
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V 
z 
g gravitational acceleration 

gC gravitational constant 

(%) SAT 
P Static pressure of flow 

velocity of LHe flow mixture 

elevation relative to datum position 

Slope of the saturated liquid curve on enthalpy-pressure coordinates 

Results were obtained first for condition (1) operation. LHe pressures in the system ap- 

pear below in Table IX. 

Table IX LHe Pressures 

14.7 Psia In Storage Dewar (Assumed) 

-15.7 Psia In Horizontal Distribution Manifold (Calculated) 

-14.5 Psia In Magnet Stack (Calculated) 

Pressure losses in the 2 inch 0. D. distribution manifold are nil in this condition due to 

the low (- 1 Ft/Sec) flow velocities which result. Essentially all of the pressure drop oc- 

curs through the 1/2” 0. D. fill line and valve. These preliminary results will undoubtedly 

be refined by subsequent analyses of the proposed system. Variation of the LHe quality 

along the flow path is shown in Figure 39. Heat leaks, primarily, produce a quality of 11% 

at the drop and heat leak in the fill line cause an additional increase in quality, so that the 

last magnet stack is actually supplied with LHe at a quality of 15% (note Vv/Vv + Vc) = 

0.57 and a mixture flowrate of - 1 P/s. The pressure drop in the cold gaseous helium 

(GHe) 3 inch 0. D. return line from the magnets to the cold box was also assessed. The 

gas flow rate was based upon a LHe vaporization of 32 P/Hr per magnet less 5 P/Hr for the 
vapor cooled leads, or 27 P/Hr per magnet. The pressure drop was negligible (< 0.01 psi) 

in this GHe return line. 

For operating Condition (2) it was assumed that the magnets dewars would fill sequential- 

ly starting with the dewar nearest the LHe inlet from the manifold. In reality Some liquid 
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will likely be filling the “last” magnet also, but for a conservative assessment sequential 

filling was assumed to compute the time that a full, last magnet must survive. Approxi- 

mately 11Q of stack volume exists to be filled a t  each of the nine magnet locations by a 

flowrate of about 0.48 Us,  which is established by the 1.2 psid across the fill line. The re- 

sult means that all eight magnets “upstream” of the last magnet would be filled within 

four minutes. Therefore, this last magnet should survive this operating scenario assuming 

the LHe level in the stack is maintained to provide a t  least a four minute reserve. 

The heat leaks to the LHe distribution system were computed and are based upon mea- 

sured values for insulated transfer lines, line spacers, and valves as provided by CVI. A 

sunimary of these results appears in Table X. 

The results of this study indicate that the current design for the LHe distribution system 

is adequate to supply the magnet dewars with liquid helium under the expected heat load 

conditions. 
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Table X Summary of Calculated LHe System Meat Loads 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Mirror magnets 
ConductionBadiation 
Vapor cooled leads 

Total 36 magnets 

Gyrotrons 

Total for 6 

LHe Storage Dewar 

Drop lines 
Supply 7.92 W ea. Total = 
Return 2.32 W ea. Total = 

Supply Total 
Return Total 

Hex Supply and Return 
Supply Total 
Return Total 

Supply Total 
Return Total 

Supply Total 
Return Total 

3” Valves (4) 
2” Valves (4) 
3” Line (40 Ft) 
2” Line (40 Ft) 

Hex Sections 

Gyrotron 

Gyrotron Drop Lines 

Miscellaneous 

TOTAL REFRIGERATION LOAD 

TOTAL LIQUEFATION LOAD 

19.OW 

684W 

- 

3.8W 

5.0 QIHr 

180 Q f H r  

1.2 Q/Hr 

7.2 RfHr 

285W 
M3W 

15.9W 
21.1w 

16.7W 
21.6W 

19.3W 
21.9W 

29.4W 
34.6W 

40.6W 
18.4W 
6.4W 
4.6W 

1306.2 W 
187.2 Q/wR 
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5.2 MATERIALS IN CRYOGENIC SYSTEM RADIATION RESISTANCE 

A survey was made of the nonmetallic materials used in cryogenic system components that 

will be exposed to radiation. Those components are the vacuum-jacketed pipe, cryogenic 

on-off valves, and the penumatic valve operators. A total dosage of 108 rads (x-rays) was 

assumed over the 10-year operating life. The results of the survey are summarized in Table 

XI, XII, XIII, and XIV. Figures 40, 41, 42, and 43 illustrate the approximate location of 

the materials. As shown in the tables, materials that are unacceptable will be changed to 

acceptable materials or will be scheduled for periodic replacement (approximately 1 year). 

The seat in the cryogenic on-off valve is considered to be the most critical of the items 

which require a material change. Therefore, a functional test will be conducted using the 

proposed substitute material, polyimide, during Title 11. 

USE OF MAGNETIC MATERIALS 

The largest use of a magnetic material in the cryogenic system near the torus is the pneu- 

matic valve operators which contain approximately 20 pounds each of carbon steel. Based 

on a preliminary analysis, this low weight plus the distance of the operator from the torus 

centerline (greater than 1.5 meters) will cause no deleterious effects. During Title 11, addi- 

tional analysis will be conducted as part of the field uniformity study to unify the prelimi- 

nary conclusions. 
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‘JET 0-RIPJGS 

- HEAR RINGS 

SEAT SEAL 

CRYOGENIC VALVE ( C V I  V-2070-050-J-S, V-iO70-O50-J-SJ V-1060-050-J-S)  
FIGURE 40 
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O - R I N G  

-. 

PISTOI\J GASKET ---. 

PNEUFIATIC OPERATOR ( C V I  88-0723'01001) 
FIGURE 41 

' ADAPTER MUT GASKET 

BOOT 
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Combination Pump Out 
d Internal or and Relief Assembly- 

External Bellows 

All Stainless 

Activated Charcoal Getter 

VACUUM JACKETED PIPE 
FIGURE 43 
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Table XI Material Compatibility Survey Vacuum-Jacketed Pipe - (CVI) 

Part Material 

0-Ring On Buna-N 
EvacuationfRe- 
lief Valve Cap 

0-Ring In P olyure- 
EvacuationBe- thane 
lief Valve 

Insulation Layer Aluminized 
Mylar 

G-10 GRP Insula tion 
Spacers 

Getter Material 5A 
Modecular 
sieve 
material 

Insulation Layer Dexstar 
Paper 

Useful Life Change Recommended Replacement 
Under Radiation Yes No Rationale Candidates 

107 RADS 

109 RADS 

107 

109 RADS 

> 109 RADS 

> 109 RADS 

X 

X Part can be Not required 
replaced if 
and when needed 
(for evacuation) 

X Material should last Not required 
life of EBT-P 

Function of insula- Aluminized 
tion critical to sys- Kapten 
tern performance 

Material should last Not required 
life of EBT-P 

X 

X Material should last Not required 
life of EBT-P 

X Material should last Not required 
life of EBT-P 

Table XI1 Material Compatibility Survey Cryogenic Valves CVI V-2070-05O-J-S, 
V-1070-050-J-S, V-1060-050-J-S) 

Useful Life Change Recommended Replacement 
Part Material Under Radiation Yes No Rationale Candidates 

This part is the Polyimide 
most impoirtan t 
part of the valve. 
Failure will cause 
leakage 

Failure will cause Polyuethane 
leakage 

Seat Seal KEL-F (Flu- 107 RADS X 
orocarbon) 

Failure will cause Polyimide 
leakage 

Bonnet 0-Rings Viton A lo7 RADS X A 
(Fluorocar- 
bon) 

Wear Ring Teflon Very short X 

A Periodic replacement may make a change unnecesary. 

115 

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY-ST. LOUIS DlVlSlON 



Cryogenic Systems 
Volume VI1 

28 February 1982 

Table XI11 Material Compatibility Survey Cryogenic Valveloperator (NUPRO SS-BBG-STE-93NO) 

Useful Life Change Recommended 
Part Material Under Radiation Yes No Rationale Candidates 

0-Rings in Viton 
Operator 

Failure of O-ring Polyurethane 
would cause erratic 
opeator function 

107 X 

A Periodic replacement may make a change unnecessary. 

Table XIV Material Compatibility Survey Pneumatic Operator (CVI 88-072-01001) 

Useful Life Change R ~ ~ ~ ~ ~ ~ ~ $ ~ ~  Replacement 
Part Material Under Radiation Yes NO Rationale Candidates 

Stem Root Neoprene 107 X 

Adapter Nut Red fiber Unknown 
Gasket 

0-Rings Buna-N 107 RADS X A 
Piston Gasket Nylon 107 RADS X 

Roost is simply a 
dust cover. Failue 
would probably not 
adversely affect op- 
erator functions. 
Should be replaced 
at refurbishment of 
operator. 

Not required 

X Failure would not Not required 
adversely affect op- 
erator functions. 
Should be replaced 
at refurbishment of 
operator. 

Operator leakage is Polyurethane 
unacceptable. polyimide eth- 

ylene propylene 

Operator leakage is Polyurethane, 
unacceptable. polyimide, eth- 

ylene propylene 

Plug Vent Pastic Unknown X Minor change Metal 

A Periodic replacement may make a change unnecessary. 
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5.3 MAGNET INTERFACE ANALYSIS 

During Title I considerable effort was expended in defining the functional interface be- 

tween the mirror magnet and the Cryogenic system. This interface has a significant impact 

on the cryogenic system configuration and operational characteristics of the magnet. Three 

major interface problem areas were identified and analyzed. They are: 

0 

0 Magnet cooldown and filling 
8 

Magnet quench and pressure relief 

Vapor cooled lead temperature control 

The analysis of each of these areas is discussed in subsequent paragraphs. 

5.3.1 Magnet Queneh and Pressure Relief - The mirror magnet helium dewar is not 

equipped with a safety relief device. Therefore, the cryogenic system must relieve the dew- 
ar pressure in the event of a quench or other anamoly. The central issue a t  the beginning 

of Title I was the quantity of heating energy deposited in the helium inside the dewar and 

the rate at  which it would be deposited. If both the quantity and rate were lo 

manifolded relief system could be utilized. However if both were high, individual reliefs for 

each magnet would be required to minimize propagation delays that would overpressurize 

the dewar. 

From the beginning, the MDAC position was that the heating rate and the quantity crf en- 

ergy deposited were high. On the other hand, early GDC analysis indicated values that 

were much lower than anticipated by MDAC. The situation was aggrevated by an initial 

magnet dewar design pressure of 30 psia. 

Due to these uncertainties, it was decided to place a quick acting relief device immediately 

above each magnet dewar. The size of the device was selected to match the size of the 

magnet dewar vent line. A burst disk was selected as the relief device. 

Relief valves were investigated as a candidate for the relief device. They were subsequently 

eliminated as a result of uncertainties of the propagation delay in opening when subjected 

to a rapidly increasing pressure spike. The concern was that the magnet dewar would 
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overshoot its pressure limitation before the relief valve could sense the pressure rise and 

react to relieve it. This concern was based on early analysis that indicated that the rise 

rate ocurred rapidly. 

Analysis of the ORNL open dewar test data confirmed the MDAC position on the quench 

pressure rise rate and the quantity of heat energy deposited in the helium inside the dew- 

ar. Analysis of this data resulted in an internal magnet redesign and an increase to 50 psia 

for the magnet dewar operating pressure and an increase in the size of the dewar vent line. 

5.3.2 Magnet Cooldown and Filling - The magnet cooldown and filling techniques are 

controlled by two divergent requirements. During cooldown, it is ideal to have the fluid in- 

troduced at the bottom of the magnet pack so that it will flow up through the pack on its 

way out of the dewar. On the other hand, vapor entrained in the fluid during filling could 

cause magnet stability problems when it impinges on the powered magnet pack. As a re- 

sult four fill and cooldown approaches were analyzed. The candidates evaluated were: 

e Top Fill 

e Bottom Fill 

Separate Top and Bottom Fill 

Combination Top and Bottom Fill 

The analysis of each follows in the subsequent paragraphs. 

5.3.2.1 Separate Top and Bottom Fill - This technique provides a separate valve and 

line for cooldown from the bottom and filling from the top as shown in Figure 44. Com- 

pared to a single fill line the advantages and disadvantages are: 

e Advantages 

Good Cooldown Path 

No Vapor Impingement On Coil Pack 
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0 Disadvantages 

More Complex Hardware 

Higher Magnet Heat Leak 

Higher Distribution Losses 

5.3.2.2 ‘Pop Fill - This technique provides a single valve and line entering from the top 

for cooldown and filling as shown in Figure 45. The advantages and disadvantages are: 

0 Advantages 

Single Magnet penetration 

No vapor impingement on Coil Packs 

Disadvantages 

Inefficient Cooldown Path 

5.3.2.3 Bottom Fill - This technique provides a single valve and line entering from the 

bottom for cooldown and filling as shown in Figure 46. The advantages and disadvantages 

are: 

Advantages 

Single Magnet Penetration 

Good Cooldown Path 

0 Disadvantages 

Vapor impinges on Coil Pack 

5.3.2.4 Combination Top and Bottom Fill 1 This technique provides a single valve 

and line penetration. However, the single line is connected to the bottom for cooldown and 

to the top for filling as shown in Figure 47. The advantages and disadvantages are: 

* Advantages 

Single Magnet Penetration 

Good Cooldown Path 

No vapor impingement on Coil Pack 
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BOTTOM FILL 
FIGURE 46 

.. . 
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COMBINATION TOP AND BOTTOM FILL 
FIGURE 47 
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e Disadvantages 

Requires Hardware Development 

5.3.2.5 Conclusions - The separate top and bottom fill technique was selected because it 

offered minimum risk in both the fill and cooldown operations, The additional distribution 

line heat loads resulting from this approach were not sufficient to warrant the risks associ- 

ated with the other techniques. 

5.3.3 Vapor Cooled Lead Temperature Control - The magnet vapor cooled power 

leads are sensitive to both pressure and temperature changes. Figure 48 summarizes the 

problem with the baseline approach and depicts the approach adopted. 

5.4 LN2 DEWAR ACQUISITION TRADE STUDY 

The proposed EN2 storage and supply system consisted of a storage dewar and a pump 

skid to affect liquid transfer. Early in Title I, the proposed approach was replaced with a 

pressure transfer system. The transfer is accomplished by vaporizing a small portion of the 

liquid in the dewar to pressurize the ullage space. This transfer approach is utilized in 

many commercial installations and the hardware is available from local commercial liquid 

suppliers. 

Having adopted the pressure transfer approach and identifying the approximate capacity 

requirements, it was concluded that it would be more cost effective to lease the hardware 

than to procure it with PACE funds. 
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1.0 SCOPE - This Procurement Specification ( P S )  establishes the m i n i m u m  

performance, design, fabrication, del ivery, ins ta l  1 ation and acceptance t e s t  
requirements for  a cryogenic system t h a t  is part o f  the E l  

Proof of Principle device (EBT-P).  

1.1 COMPLIANCE - The delivered and installed equipment sha l l  camp 

this  specification and subtier docurnents i n  every detail or Seller 
rework i t  t o  achieve compliance a t  no cost t o  MDAC-STL or MDAC-STL 
c u s t om r s . 

y wl’th 
shall 
s 

1 .2  ENGINEERING RESPONSIBILITIES - The Seller shall prepare system assembly 
and i n s t a l l a t i o n  drawings and specifications as required by the Subcontrac- 
tor Qata Requirements Package. 
provide suff ic ient  detail t o  allow MDAC t o  evaluate compliance w i t h  t h i s  

specification. The design shall be supported by a complete analysis o f  the 
system prepared by the Seller. The analysis sha l l  contain suff ic ient  detail 
to allow MDAC to  evaluate the performance and r e l i ab i l i t y  0 f  the system. 
A l l  Seller drawtngs shall be coordinated w l w l  MDAC interface drawings that  
are a p a r t  o f  this specification. 
sary shall be reported t o  MDAC and shall comply w i t h  ASNE, ANSI or other 

appl  i cab1 e repai r procedures. 

These drawings and specifications shall 

Any repalr procedures tha t  become neces- 

Additional Sell er  engineering responsibil i t i e s  are se t  forth i n  the Subeon- 
tractor Statement of Work (SSOW) . 
2.0 APPLICABLE DOCUMENTS - The documents including revisions, amendments, 

change notices, changes, and supplements o f  issue i n  e f fec t  on 1 July 1981, 

or when otherwise indicated i n  2.6, form a p a r t  o f  th i s  specification t o  the 

extent specified. When so referenced, fu l l  t i t l e s ,  revision l e t t e r s ,  an 
dates of issue are omitted for brewity of reference and the short form ref- 

erence shall be understood to be the specific issue identified i n  2.6. 
‘dhere paragraph numbers are given w i t h o u t  reference to another document, i t  

shall be understood t h a t  the referenced paragraphs are of this 

specification. 
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2.3. SUPERSEDE CE - If any o f  the  documents s p e c i f i e d  here in  are changed 
dur ing  the l i f e  o f  the Purchase Order (PO), the S e l l e r  sha l l  no t  use the 
1 a t e r  issue w i thout  p r i o r  w l - i  t t e n  approval from MDAC-STL 

2.2 NORMAL PRECEDENCE - I f  any requirements o f  the PO, t h i s  PS o r  the docu- 
ments invoked here in  are c o n f l  i c t i  ng, the f o l l  owi ng precedence s h a l l  apply: 

a. The PO s h a l l  take precedence over t h i s  PS. 
b. This PS s h a l l  have precedence over a31 documents invoked herein.  

2 - 3  UNCERTAIN PRECEDENCE - klhere a c o n f l i c t  o f  precedence cannot be 
resolved by the  above, the p a r t i c u l a r s  o f  any technical  problem s h a l l  be 
forwarded t o  the  cognizant MDAC-STL engineer f o r  reso lu t i on .  

2.4 SUBPARAGRAPH APPLICABILITY - Where paragraphs of t h i s  s p e c i f i c a t i o n  o r  
any o ther  document are referenced herein, i t  sha l l  be understood t h a t  a l l  
subparagraphs of the referenced paragraphs are  app l i cab le  unless otherwise 
noted . 
2.5 WAIVERS - S e l l e r  i s  encouraged t o  submit recommendations a t  any t ime 
f o r  waivers on a l l  o r  po r t i ons  o f  i n d i v i d u a l  i n d u s t r i a l  and Government spec- 
i f i c a t i o n s  and standards i n  the i n t e r e s t  of economy w i thou t  s a c r i f i c e  o f  
performance. A l l  waivers must be approved by MDAC-STL, p r i o r  t o  
i nco rpo ra t i on  . 
2.6 APPLICABLE DOCUMENTS 

American Society o f  Mechanical Engineers (ASME) 
o B o i l e r  and Pressure Vessel Code, Sect ion V I I I ,  D i v i s i o n  1 

"Pressure Vessel s" a 

American Nat ional  Standards I n s t i t u t e  (ANSI)  

Q 331.1 Power P ip ing  
o 331.3 Chemical P l a n t  and Petroleum Ref inery P ip ing  
o B16.5 Steel Pipe Flanges and Flanged F i t t i n g s  
o 835.19 Sta in less  Steel Pipe 
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American Society f o r  Test ing and Ma te r ia l s  (ASTM) 
o A53, S p e c i f i c a t i o n  f o r  Welded and Seamless P i p e  
o A312, S p e c i f i c a t i o n  f o r  Seamless and Welded Aus ten i t i c  Sta in-  

o A36, Spec i f i ca t i ons  f o r  S t ruc ture  Steel 
o A240, Heat Res is t ing  Chromium and Chromium-Nickel S ta in less  

Steel  Plate,  Sheet, and S t r i p  f o r  Fusion Welded Un f i red  
Pressure Vessel 

l e s s  Steel  Pipe 

Nat ional  Bureau o f  Standards 
o NBS Technical Note 631, Thermodynamic Proper t ies  o f  Helium 
o NBS Technical Note 629A, Thermodynamic Proper t ies  o f  Ni t rogen 

o Handbook o f  Compressed Gases 
o Safety R e l i e f  Device Standards, Pamphlet S-1  Parts  2 and 3 

Compressed Gas Associat ion (CGA) 

Manufacturers Standard izat ion Society o f  the Valve and F i t t i n g s  
1ndustr.v (MSS) 

o SP-61,  Hydros ta t i c  Test ing o f  Steel  Valves 
o SP-25, Standard Marking System f o r  Valves, F i t t i n g s ,  Flanges, 

and Unions. 

o ES4, Standard Pract ice,  Shop Hydros ta t i c  Test ing o f  Fabr icated 
P i  p ing  

o ES5, Standard Pract ice,  Cleaning Fabr icated P ip ing  
o ES11, Recommended Prac t i ce  f o r  Permanently A f f i x i n g  I d e n t i f i c a -  

t i o n  Symbols t o  Fabr icated Piping. 
Tubul a r  Exchanger Manufacturer Associat ion (TEMA) 

Inst rumentat ion Society o f  America ( I S A )  

Pipe Fabr ica t ion  I n s t i t u t e  (PFI) 

o Standards 

o ISA - S5.1 1973, Standard Inst rumentat ion Symbols and 
I d e n t i  f i c a t f o n  

Un i ted  States A i r  Force (USAF) 

U.S. Department o f  Energy (DOE) 
o AFR-161-35, Hazardous Noise Exposure 

o ERDA Manual, Chapter 0550, Occupational Safety Standards 
o ERDA Manual, Chapter 0552, F i r e  P ro tec t i on  
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National Electrical Manufacturers Association (HE 
o NEMA Standards far Electrical Control 

-... 

American Institute o f  E l  ectrical and Electronics Engineers ( I E E E  1 --_- x-----l_.ll 

o Standards 

Tennessee State and Local B u i l  d i n g  and Safety Codes Uniform Bui ld ing  Code - _I._- 

Q Seismic Zone Number 2 

Federal Standards 
Federisl Standard No. 595A Cslors 

McDonnel1 Douglas Astronautics Company - S t .  Louis 
_II_ 

Drawings : 

cry0 
***o 908373000 Rev A 

o 70B373001 EBT-P 
o 708373002 EBT-P 
o 708373004 EBP-P 

Q 708373005 E9T-P 
o 70B373UQ6 EBT-P 

**"Q 708373008 EBT-P 

o 7QB373009 EBT-P 

**"o 905393010 E864 

***o 70B3730%1 Rev A 
o 708373087 EBT-P 

*O 708373012 EBT-P 
o 708373013 EBT-P 

***o 7063730f4 Rev A 
***o 708373015 Rev A 

Q 70B373016 Rev A 
*** ,**o 70B373027 Re 

"B 70B3730P8 EBT-P 
"8 708373019 EBT-P 

"0 788373620 EBT-P 

EHT-P Block Diagram, Liquid  and Gaseous System, 

Col Q Box F a c i l  i ty Interface 

L iqu id  He l ium Dewar Facility Interface 

Gaseous Helium Storage Tank Facility Intei- face 
He1 i m Hani fol ds, Cryo-Pump Systems 
L iqu id  Nitrogen Storage Tank Facil i ty Interface 

Magnet Supply/Return Mani fo l  ds,  Cryo 

Magnet Interface, Cry0 

EBT-P Facility R o u t i n g  Envelopes, Cry0 

L i q u i d  Helium Dewar 
Gyrstron Interface 
EBT-P Gyrstron Supply/Return Mani f o l  d 

EBT-P Gyrotron Supply/Return Envelopes, Cry0 

EBT-P Cry0 Subsyttgrns Facil i t y  Instal lation 

EBT-P L i q u i d  and Gaseous Systm Schematic 

Cold sox 
Lead Blower Interface 

Alnxil iary Meat Exchanger 

Magnet SupglylReturn Envelopes, cry0 

*IndScates a drawing t h a t  wi 11 be forwarded upon completion 
**This drawing i s  conceptual and as suck does n o t  include al l  components 

necessary for  system operat ion.  

as described herein. 
***Tks's drawfng does n o t  ref1 e c t  the current vacuum pump system requirements 
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* O  708313021 EBT-P He1 i WI COlnpreSSOr 

*o  70B373022 EST-P Liquid  Nitrogen Dewar 
o 708374001 EBP-P Device Enel osure B u i  1 d i n g  

0 4~5-502-IO2 Dev ice  Enclosure - ctructilral 

o 4975-502-1 01 Plan-Test Centei- Mechanical Eauiorneslt B u i l d i n g  

o 4976-375-41 3 Sections and Elevations - Test Center 
0 MDE-6-21)-1 suppl  ier  Packaging Instructions for  

Materi a1 

3.0 REOUIREMENTS 

3.1 GENERAL - The cryogenic system described herein shall corn 
requirements o f  this specification. 

3.1.1 Item Def jn i t ion  - EBT-P i s  an experfze ta l  taroidal fusion mer  
device wa'th a 4.5 meter a j o r  radius and 3 sectors. Each sector cansi s t s  
of a s u p ~ ~ c o n d i ~ ~ ~ i n g  magnet (mirror coil ) arid lrrav cavjty:, 
s t a t e  EBT-P plasma is  cqwtafned by the ~ ~ ~ ~ t f ~  f i e l d  ~~n~~~~~ 
mirror coi 1 s e 

Each mirror coil consists o f  a l iq  

winding enc? ose i n  a s ta in less  steel case. 
from a h igh  current dc power supply t h r  
Plasma heating i s  provided i n  p a r t  by the i n j e c t i  

plies. The 60 and !30 GHz gyrotrons contain l i q u i  cooled (pool boil- 
i n g )  superconducting coils. Drawing 706393011 shows the location o f  the 
cryogenic syst  

will be located i n  the Valley Industr ia l  Park,  Oak Ridge, Tennessee. The 
Seller shall be 'responsible for  Install ing the system as shown i n  drawing 
708373011. MDAC will  provide mounting pads f o r  the cold box, compressor 
sk ids ,  LHe storage dewar, nitrogen dewar, GHe storage tanks, auxiliary heat 

exchanger, lead blowers and bypass heat exchanger. 

cool ed ( pool boi 1 i ng) NbTi 

Po et- is  suppl  i e d  t o  the coil o 
he1 i um vapor-cool ed 1 eads. 

lcrowave ~ o ~ e ~  a t  
28, 60, and 90 GHz into the toroidal vessel from 1-otron power SUP- 

elements i n s t a l ~ e ~  i n  the M AC Fusion Energy Facil i ty tha t  

In addition, mounting 
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pads w i l l  be provided f o r  the gas p u r i f i c a t i o n  subsystem i f  i t  i s  n o t  p a r t  
o f  the co l  d box. 

3.1.2 Cryogenic System Desc r ip t i on  - The cryogenic system stores, supplies, 
d i s t r i b u t e s  and con t ro l s  he1 i um and t i i  t rogen requ i red  f o r  device opera- 
t i on .  L i q u i d  and gaseous hel ium i s  suppl ied t o  the device i n  a c losed 
loop. iditrogen l i q u i d  and gas i s  suppl ied t o  the device i n  an open loop. 

The cryogenic system i s  an i n t e g r a l  p a r t  o f  the EBT-P device. 
inc lude but n o t  be l i m i t e d  t o  the Fol lowing major elements: 

It sha l l  

a. Closed Cycle He1 ium Re f r i ge ra to r /L ique f ie r  ( Inc ludes  Two Compressor 
Skids and Cold Box) 
L i q u i d  He1 ium Storage Dewar 
Three High Pressure Gaseous He1 ium Storage Tanks (MDAC suppl i ed )  

Gaseous He1 ium D i s t r i b u t i o n  System 
L i q u i d  Ni t rogen Storage Dewar (MOAC Suppl i ed) 

A u x i l i a r y  Heat Exchanger f o r  Cooldown and Warm-up 

Gaseous Nitrogen D i s t r i b u t i o n  and Vent System 

Cold Gas By-Pass Heat Exchanger 

b .  

c. 
d. Cryogenic Helium D i s t r i b u t i o n  System 
e .  
f. 
g. L i q u i d  Ni t rogen D i s t r i b u t i o n  System 
$1. 

i. Instrumentat ion and Control System 

j. 
k. Vapor Cooled Lead Blowers 
1. 
m. Gas P u r i f i c a t i o n  Subsystem 

The hel ium element i s  a c losed loop system t h a t  provides sa tura ted  l i q u i d  
(approximately 4 . 2 O K )  t o  the m i r r o r  and gyro t ron  superconducting c o i l  
dewars. 
r e f r i g e r a t o r / l i q u e f i e p  f o r  r e l i q u e f a c t i o n .  The system i s  designed t o  
recover a l l  hel ium gas dur ing  normal modes o f  operation. 

Gaseous hel ium a t  approximately 300'K and 4.2OK i s  re tu rned t o  the 

The l i q u i d  n i t rogen  element i s  an open loop system t h a t  vents waste GN2 

outs ide  the  to rus  bu i l d ing .  
a u x i l i a r y  heat exchanger, c o l d  boxS gas p u r i f i c a t i o n  subsystem ( i f  separate 

Saturated l i q u i d  n i t rogen  i s  suppl ied to the 
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from the co ld  box), d iagnos t ics  and the i n s u l a t i n g  sh ie lds  o f  the m i r r o r  and 
gyro t ron  magnet dewars. 

A cryogenic system block diagram and schematic are shown i n  drawings 
706373000 and 706373017, respec t ive ly .  The Se l l e rs  equipment s h a l l  be COIR- 

p a t i b l e  w i t h  these drawings. 
and a drawing showning t h e i r  l o c a t i o n  are shown i n  Figures 10 and 11 
respec t i ve l y  

A b lock diagram o f  the vacuum pump LN2 t r aps  

3.1.3 
Device and i t s  f a c i l i t y .  Drawings descr ib ing  the system i n t e r f a c e  requ i re -  
ments w i l l  be prepared and c o n t r o l l e d  by MDAC and incorporated by reference 
i n t o  t h i s  spec i f i ca t i on .  A l i s t i n g  of app l i cab le  i n t e r f a c e  drawings i s  
shown i n  Sect ion 2.6. F igures 1, 2 and 10 show the system func t i ona l  i n t e r -  
faces w i th  the m i r r o r  magnets, gyro t ron  magnets and vacuum pump traps, 
respec t ive ly .  U t i l i t y  i n t e r f a c e s  are  s p e c i f i e d  i n  Table V. The S e l l e r  
sha l l  prepare d e t a i l e d  drawings showing cryogenic systen i n t e r f a c e  
requirements. 

I n t e r f a c e  D e f i n i t i o n  - The cryogenic system s h a l l  mate wf th  t h e  EBT-P 

3.1.4 Physical  Requirements - The cryogenic system s h a l l  be designed, fab- 
r i c a t e d  and i n s t a l l e d  i n  accordance w i t h  the requirements o f  t h i s  sect ion.  

3.1.4.1 General Requirements 
a. The system s h a l l  mate with a l l  device and f a c i l t t y  i n t e r f a c e s  as 

def ined by the drawings denoted i n  Sect ion 2.6 and s h a l l  operate 
from the u t i l i t i e s  shown i n  Table Y. 
h i s  proposal e l e c t r i c a l  power, inst rument  a i r  and demineral ized 
water requirements f o r  each element o f  the System. 
s h a l l  spec i fy  a l l  TBS ( t o  be speci f ied)  var iab les  t h a t  appear i n  
t h i s  procurement spec i f i ca t i on .  Dur ing the d e t a i l e d  desjgn phase, 
the S e l l e r  s h a l l  prepare and submit f a r  MDAC approval drawings 
showing the  l o c a t l o n  o f  p ipe hangers and o ther  d e t a i l e d  f a c i l i t y  
i n t e r f a c e  requirements. These drawings s h a l l  be compatible with 
the  f a c i l i t y  data suppl ied by MDAC. 

The S e l l e r  s h a l l  spec i fy  i n  

In addi t ion,  he 
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b. The systen shall be designed such t h a t  i t  may be 

controlled by one person d u r i n g  a l l  inodes of operation except as 
noted. Cryogenic system avai labi l i ty ,  re7iabil i ty and maintain- 

a b i  1 i ty sha? 1 he primary design c r i  t e r i  a. 

Any subsystem that .  contains moving parts shall be designed t o  pro- 
vide fa i lure  free operation f o r  a m i n i m u m  o f  980 hours of operat- 
i n g  t i m e  or the Seller shall replace the defective components a t  no 
cast  t o  MDAC. 
parts shall be designed to be maintenance and fa i lure  f r e e  f ~ r  a t  
l e a s t  one year o f  operation or the Seller will replace the com- 
ponent a t  no cost t o  MDAC. These subsystem design l i f e  require- 
ments apply t o  %he entire cryogenic system unless superceded by 
d n i m u n  design l i f e  requirements stated i n  the ~~~~~~~~~e para- 

graph for a s p e c i f i c  subsystem. 

mize f ie ld erection e f f o r t .  P i p @  spools shall be fabricated t o  

csnfonn to MDAC dra i n g s  and shall minimize f ie ld  jo in ts .  
o f  individual spools tha t  ins ta l l  i n  the torus enclosure shall n o t  
be larger than an envelope measuvin 20 feet long by 1 7  f e e t  h i g h  

by 1.75 f e e t  deep. 

rest r ic t ions 

c .  

Any component of the system involving no rnovimg 

shall be fabricated i n  rnodlal ar packages t h a t  

The s ize  

T h i s  size  i s  a r e s u l t  o f  enclosure entrance 

e. All working media connections w i t h i n  the vacuum-jacketed cold box 
shall be welded. No mechanical j o in t s  or  brazing shall be used. 
B i  Braze jo in t s  (or ~ ~ ~ i ~ a l ~ n t ~  shall be used for  the joining af 

tals and sha l l  be elded to adjacent pipl’ng. 
f. All cryogenic l ines  w i t h i n  the syste ed unless other- 

wise specl fl’cal ly stated. 

g. The system shall comply wi th  the Tennessee State and Local Building 
and Safety Codes Uni Fonn Building Code-Sei smic Zone ~~~~~~ 2.. 

h. The system shall have a useful l i f e  a f  18 years m i n i m u m  when main- 
t a i  ned i n  accordance w i t h  procedures establ i shed by the Sell er. 

i .  The Seller shal l  provide a l i s t  o f  scheduled tiiaintenance tasks t h a t  

are necessary to  rnaintafn the systan i n  satisfactory operating 
condition. 
the time allotted i n  the duty cycle. 

These mal ntenance tasks shall be a ~ c ~ m p l  i shed w i  t h i n  
See paragraph 3.2.2. 
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j. The Seller shall provide a l i s t  of ~~~~~~~~~ ded spare parts neces- 
sary t o  maintain the syste 

ponents located t - o f - d ~ ~ t - s  shall maintain specified 
e while subjected t o  envirous 

- 2 Q O F  t o  130°F and a re la t ive humidity 
saturation including rain and snow. Th nents located under 

roof shall maintain specified per fo  

humiddty ranging from 20% t o  100%. 

capable of w i t h s t a n d i n  an x-ray dose af 2 x 10 radslyear average 
f o r  10 years while ~ ~ n ~ ~ ~ ~ i ~ ~  t o  operate a t  rated 

s h a l l  meet the audible noise requir ents stated i n  Air 

Force Regulation WR-3161-35 Hazard us Waist? Exposure. 
n. The system sha l l  ~~~~~~ the S~~~~~~~~ o f  the U.S. De 

EROW manual Cha ccupatianal Safety Sta 

perature limits of 

rQm 20% t o  100% o f  

p e r a t w e  limits o f  +40*F t 

1. A l l  system c o ~ ~ ~ n e ~ ~ ~  located wttthin the torus enclosure shall be 
7 

Chapter 0552, Fi re  Protection. 
o. No single fa i lure  o r  occurance shall result i n  an unaccept 

hazard to  personnel 
Cryogenic c i r c u i t s  t h a t  cat1 be isolated and ~l~~~~~ shal l  be pro- 

vided wi th  a pressure r e l i e f  valve. These valwes shall be sized i n  
accordance w i t h  

d Safety Relief Device Stan- 
dards. RelSef devices shall be sized t o  protect the system Prom 
faa'lure i n  the event of  a f i re  around the equip 

be deslglned t o  precl lade ~~~i~~~~~ damage or" f a i lu re  or hazzard t o  
el i n  the event o f  a ~~w~~ or  instrument a i r  fa i lure ,  

l ly ~p~~~~~~ valve and bayonet n i p p l e  ~ ~ r a ~ ~ e ~ ~ n t  shall be 

installed i n  both the l i q u i d  ~ ~ l ~ u ~  and l i q u i d  nitrogen d i s t r i h u -  

t l o n  systeins an both floors sf  the torus room. These will be used 
t o  draw o f f  l i q u i d  for w e  i n  the  experimental diagnostic devices. 

Fabrication Institute ( P F I )  document ES5 o r  other MDAC approved 
speci f i  ca t i  on prior to i ns t a l  1 a t  i on 

p .  

en% vacuurm. Furthermore, the  system and i t s  components shall 

r. A l l  distribution pip ing  shall  be cleaned i n  accordance w f t h  Pipe 
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s. External leakage o f  p i p i n g  j o j n t s  shall n o t  exceed 1 x 
scc/second of helium when tested per ANSI, ASME or Seller specifi- 

cation as approved by M A C .  
t, All pressure vessels shall be designed, fabricated, inspected, 

tested and stamped i n  accordance w i t h  Section VI I I ,  D iv i s ion  1 o f  

the ASME Boiler and Pressure Vessel Code unless otherwise 

spec i f i ed e 

u .  All p i p i n g  sha l l  be designed, fabricated, inspected and tested i n  

accordance with ANSI 631.1 unless otherwise specified. 

(10%) o f  the welds of t h e  process piping selected a t  randono shal l  

be 100% radiographically inspected. 

v .  All valvesg f i t t ings,  flanges, connections ete. subjected to  sub- 

atmospheric pressure shall be designed and fabricated u t i1  izing 

h i g h  vacuum techno1 ogy . 
w. All heat exchanges shall be designed, fabricated and tested i n  

accordance w i t h  TEMA and ASHE Standards and Specifications. Tubes 

o f  t u b e  and shell heat exchangers shall be welded t o  the tube sheet 

t o  form a leak t i g h t  seal between the tube end and the tube sheet. 

x .  Isolation values, switches, e t c .  and test points sha l l  be provided 
t o  permit equipment checkout and to  a i d  i n  isolation o f  
mal functions. 

Ten percent 

3.1.4.2 Materi al Requi rments 

a .  A l l  equipment located o u t  o f  doors shall be weather proofed. 

b.  External carbon steel equipment surfaces shall be sandblasted and 

receive one coat o f  waterproof primer and one 2 mil coat of epoxy 

paint of a l i g h t  tan number 13711 per FED-STB-595 color. 

steel surfaces shall n o t  be painted. 

706373011 sha l l  be non-magnetjc except for various pa r t s  in the 

valve operators. 

utilized for the fabrication o f  lines and components i n  contact 

w i t h  he1 i u m  and nitrogen. 

Stainless 

c. All materials installed w i t h i n  the torus enclosure as defined i n  

d. ASTM A240 3041. stainless steel shall  be the principle material 
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e. AS'llal A36 carbon steel shall be utilized for all  structural fabrica- 

f. Pressure vessel material shall conform to A S M  specifications as 

t i o n  outside of the torus area. 

identified i n  the ASME Boiler and Pressure Vessel Code, Section 

VIII, Division 1 "Pressure Vessels." 

g. Piping materials shall conform t o  ASTM specifications as identified 

in ANSI  631.1 Power Piping except for those lines an the canpressor 

s k i d  which shall conform t o  ANSI B31.3 Chemical Plant and Petroleum 

Refinery P i p i n g .  P i p i n g  materials shall also conform t o  ANSI 
B36.19, ASTM A53 and ASTM A312 material specifications in accor- 

dance w i t h  ANSI  831.1 and B31.3 previously mentioned. 

made using data from the National Bureau of Standards NBS Technical 

Note 631 Thermodynamic Properties af Helium and MBS Technical Note 
62% Thermodynainic Properties o f  Nitrogen. 

1. All flange and flange-fitting materials shall conform t o  the stan- 

dards of ANSI B16.5 Steel Pipe Flanges and Flanged F i t t i n g s .  

j .  All materials shall be compatible w i t h  the fluids and materials 

that they contact du r ing  operation. Galvanic effects shall be 
considered i nthe selection o f  materials. 

h. All thermal calculations concerning hel ium or nitrogen shall be 

3.2 CHARACTER IST ICs 

3.2.1 Functional Characteristics - The cryogenic system sha l l  perform the 

following functions within the performance 1 imits specified herein. 

f i c  helium and nitrogen delivery requirements of each of the! loads are given 

i n  Tables I and 11. 

Speci- 

3.2.1.1 Operational Modes - The cryogenic system shall function to provide 

the fol 1 owing modes of operation. 

- ... 

... . .. 
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Mode 

o S ta r t -up  ( 1  i q u e f a c t i o n )  

o Coaldown ( loads)  
o S teady-Sta te  

0 Stand-by 

o Warm-up ( l o a d s )  

Q Magnet Quench o r  Ensulaticsn Loss 
o Pos t  Eqcaipnient F a i l u r e  

3.2.1.1.1 

s tar t -up o f  the Refr igepatop/Liquefigp.  

i n d i c a t e  s t a r t - u p  r ead iness  upon power appl ication, 
s t a r t - u p  procedures  and w i t h i n  12 hours o f  beginning,  the l i q u e f i e r /  

r e f r i g e r a t o r  s h a l l  begin t o  f i l l  the he1 i u m  

capac i ty .  See paragraph 3.2.2.1(2). Gas f o r  l i q u e f a c t i o n  shall be supp l i ed  

from the three MDAC supp l i ed  helium gas storage tanks. LN2 for system oper- 
a t i o n  inc luding  the vacuum pump LN2 t raps  shall  be supp l i ed  from the MDAC 
suppl i ed storage dewar. 

Start-Up Mode - The System s h a l l  provide f o r  12 hour rnaxjmum 

Ins t rumenta t ion  d i s p l a y s  s h a l l  
IL 

A f t e r  c plgi$ion of t h e  

3.2.1.1.2 Cool-Down Mode - Prior t o  s t a r t i n g  helium flow 

gyrotron dewar LN2 s h i e l d  csoldonn shall be accomplis ed by opening the .flow 

con t ro l  v a l v e s  t o  cause LN2 t o  flow in to  t h e  d i s t r i b u t i o n  system from the 

LN2 storage dewar. 

dewar s h i e l d  N2 vent lines. The Sellerr s h a l l  provide the LN2 shield con t ro l  

va lves  (See Table VI) an bi-1 eve1 ( 1  i q u i d  n i t rogen  sensor) LN2 transducers 
as shown i n  F igures  1 and 2. 

provide a pneumatic con t ro l  s igna l  b the valves. 

--- 

Flow shall cont inu  u n t i l  LN2 starts t o  flow f n  t 

14 A& will pl-oce$s the t r ansduce r  output and 

Following evacuat ion  and breaking the vacuum w i t h  helium the system shall 

cool the mirror magnet and gyrot ron magnet dewars and a l l  i n t e rconnec t ing  

p ip ing  from room temperature  to the ope ra t ing  tempera ture  o f  approximately 

4.2OK. The roirr-or magnets shall $e cooled 
through the magnet cool-down lline (see Figure  1). 
cooled and batch f i l l e d  t h rough  the dewar f i l l  l ine  (see F i g w e  2)  as 

See Table IY f o r  d e t a i l s ,  

The gyrotrons s h a l l  be 



described i n  the Stand-by Mode Section. 

ror magnet cool dawn valve  operation will  be provided by MDAC. The Seller 
shall provide the valves as shown i n  Table VI. 

Pn umat5a'c contro l  signals f o r  mir- 

He1 i m m  gas  shall be uti1 ized ta t r a n s f e r  heat  f r om the mfrror m 

w i t h  LNz as the i n i t i a l  source a f  refrigeration. 
sors s h a l l  c i rculate  the helium gas. A f l o  control valve shall be provided 

operattan, GHe shall c i rculate  from the refrigerator csmpressors throug 

auxiliary heat exchanger a q n e t s  via the Cryogenic He1 iuin D i  s t r i -  

magnet vent lines shall bypass the  cold box and return t o  co pressor suction 

via the return pass of the auxiliary heat  ~~~~~~~~~ and the 

exchanger. As the cool-down pr cess continues, return gas f 
will drop i n  t e  erature and shall be passed through t 
heat exchanger i n  the cold box t o  be eated by the h i g h  pressure ~~~~~~ o f  

exchanger shall be uti1 ized to control the tern o f  the discharge 

matic signals for control o f  the val 
a ~ p ~ ~ a ~ h e s  10 "K the auxiliary heat ~ x ~ ~ ~ ~ ~ ~ r  
cool i n g  wil I be provide by the refrigeratori1 
reached the LNe storage de ap valve shall open 

saturation t e  

n. I t  shall be used i n  a forced convection circulation loop 
The ~ ~ ~ ~ ~ ~ e ~ a t ~ ~  caarnpres- 

to meter the GHe f l o w  rate C $ U F " ~ ' F I S  ~ o l - d ~ w n .  A t  the stark o f  that coal-elown 

. During the i n i t i a l  coold~ball~ phase, wa return $IS fr 

pressors. A LN2 control valve installed On the auxiliary heat 

re la t ive t~ the return gas t c t  111 provide the pneu- 

Once the mirror ~~~~~~ dewars have been CB led down and i n i t i a l l y  filled, 

topping valves t o  maiintafn the i n  the Steady-State Mode o r  Stand-by Mode. 
shall supply l i q u i d  to the rnj~rar m gnet dewars through the 

3.2.1.1.3 shall supply LHe fr  
storage dewar t o  the mirror magnets via the distribution system. 
shall provide heli t o  maintain the l i q u i d  level i n  the mirror 
dewars via the topping f i l l  lines as specified i n  Table I ( see  Figure 1). 
Pneumatic control signals fo r  operation a f  the Seller suppl ied valves will 

The system 
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be provided by MDAC. The gyro t ron  magnet dewars s h a l l  be bu lk  f i l l e d  dur ing  
the Stand-by Mode as described below, 
magnet and gyro t ran  dewars s h a l l  be vented back as c o l d  gas through the c o l d  
box f o r  re l i que fac t i on .  
gas through the m i r r o r  magnet vapor-cooled e l e c t r i c a l  leads and s h a l l  be 
returned t o  compressor suc t ion  v i a  the l ead  blowers. The r e f r i g e r a t o r /  
l i q u e f i e r  s h a l l  produce l i q u i d  frm the r e t u r n  gas streams t o  compensate f o r  
heat load losses i n  the system. 

B a i l o f f  hel ium from both the m i r r o r  

Some o f  the b o i l o f f  hel ium sha l l  be vented as warm 

LN2 s h a l l  be suppl ied from the LM2 storage dewar t o  the hel ium 
r e f r i g e r a t o r / l  i que f i e r ,  vacuum pump LN2 t raps  and the thermal i n s u l a t i o n  
sh ie lds  i n  the m i r r o r  magnet and gyr-otron magnet assemblies. Flow through 
the i n i r ro r  magnet and gyro t ron  magnet dewar sh ie lds  and vacuum pump LN2 
t raps  s h a l l  be c o n t r o l l e d  by MDAC supp l ied  pneumatic s igna ls  t o  the S e l l e r  
suppl ied f l ow  con t ro l  valves. 
phere ou ts ide  the to rus  bu i l d ing .  

Expended GN2 s h a l l  be vented to the atmos- 

3.2.1.1.4 Stand-by Mode - The stand-by mode o f  opera t ion  sha l l  be i d e n t i c a l  
t o  the steady-state mode except as fo l lows. A reduc t ion  i n  the heat l oad  o f  
t he  m i r r o r  magnets as s p e c i f i e d  i n  Table I ,  and the bu lk  f i l l i n g  o f  the  
gyro t ron  magnet dewars and d i  agoni s t i c  dewars s h a l l  be the on ly  d i f fe rences .  

The system s h a l l  p rov ide  hel ium t o  main ta in  the l i q u i d  l e v e l  i n  the m i r r o r  
magnet dewars v i a  the tap fill 1 ines. 
quefact ion as i n  the steady-state mode. 

He1 ium s h a l l  be vented back f o r  re1 i- 

The system s h a l l  supply LHe from the LHe storage dewar t o  bu lk  f i l l  the 
gyro t ron  magnets v i a  the d i s t r i b u t i o n  system and fill l ines .  Flow s h a l l  
cont inue u n t i l  the dewar i s  f u l l .  MDAC w i l l  p rov ide  a pneumata’c s ignal  t o  
open and c lose  each f i l l  valve. 
a t i o n  and from normal b o i l - o f f  s h a l l  be re tu rned t o  the r e f r i g e r a t o r /  
l i q u e f i e r  f o r  l i q u e f a c t j o n .  
t a b l e  VI. 

Vapor r e s u l t i n g  from the bu lk  f i l l i n g  oper- 

The S e l l e r  s h a l l  supply the  valves as shown i n  



SPECIFICATION NO. 908373000 
FSCM NO. 7630 1 

DATE 24 November 1981 

PAGE 15 OF 61 

The system shall supply LN2 from the LN2 storage dewar t o  b u l k  f i l l  the 
diagnoistic dewars via the distribution system and transfer hcses. Flow 
shall continue u n t i l  the dewars are f u l l .  Manual valves shall be used to  

control LN2 flow. Vapor resulting from the b u l k  f i l l i n g  operation sha l l  be 
vented into the enclosure area. 

3.2.1.1.5 Warm-up Mode - The warm-up mode of operation is  essentially the 

reverse o f  the cool-down process. An e lec t r ica l  heater shall warn the GHe 
i n  the auxiliary heat exchanger. An intermediate f l u i d  may be uti l ized to 
affect  heat transfer to the GH,. The heating ra te  of the magnets will be 
controlled by an electrical  signal provided by MDAC. The system shall be 
designed t o  allow natural warming of the system and i ts  Isads. 

3.2.1.1.6 - Magnet Quench or  Insulation Loss - The system shall accommodate a 

single or a multiple magnet quench without sustaining damage or causing a 
system manfunction. In addition, i t  shall accommodate the loss o f  insula- 

tion of a single mirror or gyrotron magnet. See Tables I11 and VI1 for  
de ta i l s .  

3.2.1.1.7 Post  Equipment Failure - The system shall be capable of maintain- 

i n g  the mirror magnets and gyrotron magnets a t  operating (steady-state) 
conditions i n  the event of the following failures:  

a. 
b. Failure o f  both compressors 

c. Failure o f  the cold box 
d. Failure of a single vapor cooled lead blower 

Failure o f  a single compressor 

Venting of helium i s  permissible t o  accomplish this requirement. 

3.2.2 Performance Characteristics - The system sha?l be designed t o  operate 

continuously 24 hours a day fo r  48 weeks per year w i t h  a useful l i f e  o f  a t  

l e a s t  10 years. The weekly duty cycle shall be 16 hours of steady-state 
operation followed by 8 hours o f  stand-by operation for  5 days followed by 

64 hours of stand-by. In addition, the system shall accoimsdate 88 hours o f  
stand-by. The system shall be designed to  allow one person to  monitor and 
control i t  during a l l  modes. The system shall be designed to  allow a l l  
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famed d u r i n g  the stand-by 

p o r t i o n  o f  the duty cycle. 
formed, helium flow t o  the mirror magnets shall not be interrupted. Four 
weeks each year will be allocated f o r  the performance o f  major main- 
tenance. 
period. 

While these maintenance tasks are being per- 

The device will be warned t o  ambient temperature d u r i n g  this 

Cryogenic system re1 iabil  i t y  and  avail abil i t y  sha l l  be a primary design 

consideration. The system shall be designed to accept a l l  possible cornbina- 
tions o f  temperature, pressure and flow r a t e s  associated w i t h  the opera- 

tional conditions and perturbations described herein w i t h o u t  interwptiwg 
operation or causing system fa i lure"  

smooth transit ion from one operating mode t o  another as described herein 

without interrupting operation or causing system failure.  

i n g  techniques, equipment and instrumentation and control systems shall be 

ut i l ized t o  assure the avai labi l i ty  of the cryogenic syste f o r  EBT-P exper- 
iment operation. 

The system shall be designed to effect  

Proven engineer- 

The installed system shall provide the following performance as a m i n i m u m :  

(1) Storage, distribution, delivery and control o f  LHe t o  the 36 mirror 
magnet dewass dwring steady-state operation as specified i n  Table I. 

( 2 )  Storage, distribution, delivery and control o f  LHe t o  the 36 mirror 

net dewa8-s and concurrent batch f i l l i n g  o f  the 6 gyrotron ma 
dewars as specified i n  Table I du r ing  stand-by operation. 
refrigera%or/l iqueflier shall be capable af increasing the inventovy 
i n  the LHe storage dewar a t  the rate of 300 l i ters/hour m i n i m  

i n g  stand-by. The d i s t r i b u t i o n  manifold shall be sized t o  ac 
date a future upgra e t o  15 gyrotrons t o t a l .  

Recovery and recycl ing  of both cold and warm M e  from the mirror 
magnets and gyrotron magnets. 

Storage, d i s t r i b u t i o n ,  delivery and control of LN2 t o  the 36 mirrop 

magnet shields, 6 gyrotron ma net  shields, 6 vacuum pump LN2 t raps  
and diagnostic equipment as specified i n  Table 11. 

from the mirror magnets, gyratron magnets and vacuum pump I.Ng traps 

shal l  be collected and vented outside the torus b u i l d i n g .  

The 

( 3 )  

( 4 )  

A l l  GN2 re tupnjng 
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helium t o  caol-do n 36 mirror magnets and 6 gyratron 
magnets frail 300°K t o  4.2*K w f t h i n  the constraints s p e c i f i e d  i n  Table 

I I I .  The system sha l l  be capable o f  dela'veriwg cool-down helium as 
specified i n  Table IV. 

Susta in  and survive wl thout  cryogenic system ~ ~ u ~ ~ ~ e ~ ~  Pail  ure or 
interruption of system operation a s i m l  tanesus quene: 
mirror magnets as specified i n  Table 111 and/or loss 
mirror magnet. The ~~~~~ m ( i n i t i a l )  pressure r i se  will be i n  the 
magnet dewars and t h e i r  local 1 i q u i d  Pel ium and c ~ l  d gas return p i p -  

ing .  

occurs approximately 8.5 seconds after the quench event. 

Sustain and survive without ~~y~~~~~~ s y s t  

interruption of sys tm ~ ~ e ~ a ~ ~ ~ ~  a quench and/or loss of ~ ~ c u ~ ~ ~  o f  a 
single g ~ ~ ~ t ~ ~ ~  ~maglraet as speca'fied a'rr Table VII. 
pressure (overshoot a f t e r  disc r ~ ~ t u ~ ~ ~  occurs a ~ ~ r o x i  
seconds af te r  the q u ~ ~ c ~  event. 
Provide the capability t o  ~ e ~ o v ~ r  qeajckly from a quench o f  1-36 
mirror ~ a ~ n ~ t ~  or one gyrotron ~~~~~~~ w i thout  wamfn 
above the post q ench equil ibri 

equilibrium ~ ~ ~ ~ ~ ~ a ~ u r ~  i s  n o t  ~ ~ ~ e ~ t ~ ~  to exceed 100°K. The system 
shall be capable of recovering (returning t o  steady s t a t e  or stand-by 
operation) i n  two modes. F i m t ,  LNe shall be admitte 

the affected n e t  dewars a t  a pate constrained by b 
burst disc pressure 1 inadtations (Table I I I )  an the a b i l i t y  of the 
refrigerator 1 iquefier t o  accept large quantit ies sf wa 
mal functilon os" failure.  Secondly, wfth the unaffected magnets ful l  
of LHe and issl atsd from the 1 fquid  elium supply, the syste 
be configured to use cold He (100°K to 10%) to cool the affected 

~ a ~ n ~ ~ ~  down t o  the tern erature level o f  the unaffected magnets, 
a f te r  which cold GHe an /or LWe shall be used t o  complete the noma1 

Warm up the mirror and gyrotron magnets from 4.2'K t o  3QO'K using 
GHe. 
i n g  a gas flow rate  o f  up  t o  3.4 
magnet and a 0.5 

The ~~~~,~~~ devaalo p e s s u r e  ( o v e r s  o o t  a f t e r  disc rupture1 

ent f a i l  ure or 

The  xi^ 

~ ~ ~ m ~ ~ ~ a ~ u ~ e ~  The post qnench 

CO~l-dow~ s f  a1 1 

During warm-up the cryogenic system shall be capable o f  provid- 

/see to each o f  the 36 mirror 

m/sec t o  each o f  the 6 gyrotron magnets- The  
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heater i n  the a u x i l i a r y  heat exchanger s h a l l  be capable o f  t r a n s f e r -  
r i n g  120,OOQ wat ts  t o  the GWe f l ow  stream. 

Provide the c a p a b i l i t y  t o  complete a t e s t  run (steady s t a t e  opera- 
t i o n )  before r e t u r n i n g  t o  the standby mode and/or wanning u p  a f t e r  

The magnet pressure and 
T cons t ra in t s  as s p e c i f i e d  i n  Table I11 s h a l l  n o t  be exceeded. 

(10) 

any o f  the equipment f a i l u r e s  i d e n t i f i e d  i n  Sect 

S p e c i f i c a l l y ,  f a i l u r e  o f  one compressor, f a i l u r e  
f a i l u r e  o f  the c o l d  box, and f a i l u r e  o f  one lead 
o f  t ime the system can cont inue t o  supply l i q u i d  
the inventory  on hand a t  the time o f  the f a i l u r e  
permiss ib le  t o  accomplish t h i s  requirement. 

3.2.2.1 He1 ium Re f r i ae ra to r /L iaue f ie r  Performance 

on 3.2.1.1(7). 
o f  both compressors, 
blower. The leng th  
i s  constrained by 

Helium vent ing  i s  

The r e f r i g e r a t o r / l i q u e f i e r ,  which cons is t s  o f  a c o l d  box and two com- 
pressors, s h a l l  provide TBS watts o f  r e f r i g e r a t i o n  a t  4.2'K and TBS 
1 i t e r s / h r  sirnul taneously when supp l ied  w i t h  u t i l  i t i e s  as s p e c i f i e d  by 
the Se l l e r .  The u t i l i t i e s  w i l l  be fu rn ished by MDAC-STL (see Table 
V ) .  The r e f r i g e r a t o r / l i q u e f i e r  s h a l l  be s ized  t o  p rov ide  a 50% 
margin on the maximum system load. 
cons i s t  o f  those loads shown i n  Table I f o r  steady s t a t e  p lus  d i s t r i -  
bu t i on  loads as ca l cu la ted  by the S e l l e r  and approved by MDAC. 
t r i b u t i o n  loads sha l l  inc lude a l l  thermal lasses i n  both the l i q u i d  
d e l i v e r y  p i p i n g  and manifolds and the c o l d  gas manifolds and r e t u r n  

p ip ing .  
s h a l l  be included i n  c a l c u l a t i n g  the d i s t r i b u t i o n  losses. 
The r e f r i g e r a t o r / l i q u e f i e r  s h a l l  be sized t o  provide a 50% margin on 
the standby system heat loads when opera t ing  w i t h  one compressor 
skid. 
shown i n  Table I f o r  standby p lus  the  d i s t r i b u t i o n  loads described i n  
paragraph 3.2.2.1(1). 
MDAC-STL s h a l l  u t i l  i z e  the  r e f r i g e r a t o r / l  i q u e f i e r  a t  t imes s o l e l y  as 
a l i q u e f i e r .  
and 1 atm when suppl ied w i t h  hel ium gas a t  300'K. Th is  value i s  the 
s ta r t -up  l i q u e f a c t i o n  ra te ,  i d e n t i f i e d  i n  paragraph 3.2.1.1 1 . 

The rnaximlrrn system load  s h a l l  

Dis-  

Losses from p i p i n g  on both 1 eve1 s o f  the to rus  enclosure 

The standby system heat loads sha l l  cons i s t  s f  those loads 

I t  s h a l l  be capable o f  p rov id ing  TBS l i t e r s l h r  a t  4.2"K 
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( 4 )  In order t o  evaluate the re ab i l i t y  a f  the system, the Seller sha l l  

provide an estimate o f  meantime between fai lures  (MTBF) for the fol- 

lowing major components of the refrigerator/l iquefier:  
o Compressor (bearing, gear boxes, lube system and seal gas 

o Expansion turbfnes 

o Valves 

o Heat exchanger fouling 

o Instruments 
o Gas purification subsystem 

o Any other item w i t h  an MTBF o f  less  than one year accumulated 
operating time w i t h i n  the duty cycle specified 

sy s tern s 1 

The Seller sha l l  indicate the length of time required t o  repair 
each malfunction noted above and the cost  o f  parts to replace o r  
repair the component. 

Dur ing  cold box downtime l i q u i d  stored i n  the storage dewar 
sha l l  be used to maintain the flow of LHe t o  the mirror ma 
the stand-by mode flow rate  as specified i n  Table 1. The gas shal l  

be returned to the GHe storage t a n k s  u n t i l  they are f u l l  and subse- 
quently refiquefied a f t e r  the cold box is  returned t o  operation. 
After the tanks are f i l l ed ,  gas venting is permissible. 

( 5 )  The refrigerator/l  iquefier shall be designed and i ~ s t r u ~ e n t ~ d  t o  
permit shutdown under the following conditions: 

o Normal shutdown: the refrigerator/l iquefler sha l l  be shu t -  

o Emergency shutdown: i t  shall be possible to stop the refrtg- 
down and secured w i t h i n  one hour by a single operator. 

erator/l  iquefier from the master cantrol console without 
damage t o  the system. 

matically s h u t  itself down without damage to the system i n  

the event o f  a malfunction. 
If the refr igerator l l  iquefier requires periodic defrost for the 
removal o f  contaminants t h a t  may be present i n  the helium makeup gas 
or otherwise enter the system, the Seller shall provide the capabil- 
i t y  to  accomplish an orderly shutdown, defrost and startup. Shutdown 

o Automatic shutdown: The refrigerator/l iquefier shall auto- 

(6) 
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followed by defrost and s t d r t - u p  shall be accom lished In 16 hours 

maximum. 

The refrigerator/l  iquefi e r  shall be permanently equipped w i t h  

a l l  components necessary t o  introduce wa gas fran the compressors 

i n t o  a l l  internal components and to remove contaminants t o  a maximum 
concentration of 10 parts per million. 

single operator t o  accompl ish defrost. 
( 7 )  The Seller shall supply a flow sheet (P&ID) w i t h  the refrigerator,’ 

l iquefier,  complete w j t h  l ine  sizes,  valves, instruments, and earn- 
ponents. In addition to  the flow sheet, a complete se t  o f  operating 

instructions shall be provided. Special emphasis shal l  be placed on 
detailing simple effective procedures that one operator can follow 

d u r i n g  system operation, includin upsets and recovery and d u r i n g  a l l  

changes of operating modeg t o  insure uninterrupted service and long 
term system re1 i a b i l  i t y .  These instructions shal l  provide step-by- 
step procedures for  the following operations: 

The design shal l  allow a 

o Evacuation and purge 
o S t a r t u p  from a wa 
o Steady-state 
0 Stand-by 

o Wamup 

f ai 1 ure recovery 

o Behavior of the refrigerator i n  case of power fa i lure  or 
emergency shutdown 

o Transition between modes 
The refrigerator/l iquefier sha l l  be designed t o  allow the r ~ o u a ~  
(evacuation) of contaminants from internal p i p i n g  and the backfilling 

maximum. Removal of air from dead ended pipes shall be suff ic ient  t u  
prevent the occurrence of plugs d u r i n g  cool-down, start-up and opera- 
t i o n  of the refrigerator/l  iquefier. 

(9 )  The equipme t shall be designed t o  prevent a helium loss of more than 
2500 SCFIyear. 

(8) 

I t h  helium. This shall be accomplished by evacuation i n  two hours 
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(10) The equip ent shall be designed to  operate i n  the environment speci- 
i n  ~ ~ r a ~ ~ a ~ ~  3.1.4.lIkl. 

p w s s o r s  shall be oil-injected 
opera t i  on. Two screw machi nes capable o f  supp ly ing  he1 i u 

identical ~ o ~ ~ ~ r ~ ~ ~ o ~  skids shall be provided, Each skid shall have the 

capacity t o  supply heli!m t o  maintain the system in the standby mode ( a s  
defined i n  Section 3.2.2.1(2)) w h i l e  the other is being The 
compressors shall have a proven p e ~ ~ o ~ ~ ~ ~ ~  history o f  9008 hours of  con- 
tinuous operatian o r  more wf thout  major aintenance as docia 
l e a s t  one instal la t ion tha t  u t i l i z e s  co 
turer and are  o f  the  same type and a ~ ~ ~ ~ ~ i ~ a ~ ~  s ize  or larger. 

ainta ined,  

a. Both c ~ ~ ~ ~ s ~ o ~  skids shall be furnished 
eration wi th in  the requ i re  

speci f i c a t j s n .  
en% shall be suppl id as a 
leze fjeld instal la t ion.  Ca 

e skid o r  the comg%ete s k i d  

ed to prevent t ~ a ~ s ~ ~ ~ ~ s i o ~  sf vibration loads 
in to  the s k i d  ~ ~ ~ u n t i ~ ¶  surface. 

antees t h a t  the  
less when the c essor i s  not rl% 

c. The ~ o ~ ~ ~ ~ $ s ~ r $  shal l  be suppl ied 

pressor hell i urn be the same o r  

ed t o  be free o f  oi l  d r i p p i n g s ,  

age, or  ~ ~ a ~ ~ ~ ~ *  The oi l  separators shal l  be of a design t ha t  

not require off-1 iwe ~ ~ g ~ n ~ ~ ~ ~ i ~ ~  (cleaning) or b l o  

be conside~ed an i n t e g r a l  part  s f  the gas purification subsystem 
specified i n  sect ion 3.2.2.1.2.3.  entation tati ion shall be pro- 
vided t o  indicate when ~ ~ ~ ~ i ~ ~ r ~ t ~ ~ n  is  required. 
feature shall be incorporated to  s t o p  the compressor prior t o  sep- 
arator  breakthrough. Blswdown shall be through a ~ o ~ ~ o ~  vent. The 

o i l  removal syst shall be o f  a proven design w i t h  a perfs 

once every 8 haws. The o i l  separation syst 

A safe 
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h i s t o r y  o f  9000 hours o f  continuous opera t ion  o r  more w i thout  major 
maintenance. 

e. The compressor d r i v e r s  s h a l l  be e l e c t r i c  i nduc t i on  motors w i t h  
reduced vol tage s t a r t i n g .  
ven t  simul taneous s t a r - t i  ng of both compressor sk ids  
I n  a d d i t i o n  t o  safety devices requ i red  by the design codes noted 
herein, the  f o l l  owi ng compressor i n t e r 1  ocks and audio and v i  sua1 
alarms s h a l l  be provided on the r e f r i g e r a t o r / l  i q u e f i e r  con t ro l  
panel : 

An i n t e r l o c k  s h a l l  be provided t o  pre- 

f. 

o High pressure alarm 

o V ib ra t i on  shutdown 
o Low suc t ion  temperature and pressure alarm and shutdown 
o Low o i l  pressure a l a m  and shutdown 
o Low cool i n g  water a1 arm and shutdown 
o Motor overheat a l a m  and shutdown 
o Pressure drop a l a r m  across o i l  removal devices 

g. Each compressor s k i d  s h a l l  be fu rn ished w i t h  the f o l l o w i n g  i n s t r u -  
mentation l oca ted  on the  compressor c o n t r o l  panel as a minimum: 

Suction temperature and pressure i n d i c a t o r  on the f i r s t  
stage . 
Discharge temperatures on each stage. 
D i  scharge pressures on each stage. 
Automatic recyc l  e contra1 va lve  w i t h  c o n t r o l  1 e r  capable o f  
handl ing f u l l  compressor f low. 
A completely automatic ant i -surge con t ro l  system which 
s h a l l  n o t  r e s u l t  i n  vent ing  o f  hel ium gas. 
An o r i f i c e  meter with a c a l i b r a t e d  d i f f e r e n t i a l  pressure 
gauge s h a l l  be i n s t a l l e d  i n  the h igh  pressure discharge 
l i n e  t o  monitor compressor p e r f o r  
A l l  o ther  ins t rumenta t ion  requ i red  f s r  operation. 
Running t ime meters 

h .  The compressors s h a l l  be designed so t h a t  damage t o  the compressor 
s h a l l  n o t  occwr i n  the event o f  the l o s s  o f  instrument a i r ,  cool-  
ant, o r  e l e c t r i c a l  power. 
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i . The compressors s h a l l  be equipped w i t h  a cont ro l  valve i n  both t h e  
f i r s t  and second stage suc t i on  t o  prov ide turndown c a p a b i l i t y  t o  
accommodate the modes and associated f low r a t e s  def ined herein.  

p a r a l l e l  operation. 

s h a l l  be designed, fabricated, inspected, t e s t i n g  and stamped i n  
accordance w i t h  ASME B o i l e r  and Pressure Vessel Code, Sect ion VIII, 
D i v i s i o n  1. 

j. Each compressor s k i d  s h a l l  be designed f o r  completely independent 

k. A l l  pressure vessels and s h e l l s  o f  s h e l l  and tube heat exchangers 

1, A l l  p i p i n g  s h a l l  be designed, fabr icated,  inspected and tes ted  i n  

m. 

n. Heat exchangers s h a l l  conform t o  TEMA standards. Tubes o f  tube and 

accordance w i t h  ANSI  831.3. 
Noise l e v e l s  s h a l l  n o t  exceed the  values s p e c i f i e d  i n  USAF MR- 
161-35. 

s h e l l  heat exchangers s h a l l  be welded t o  the tube sheet t o  form a 
leak  t i g h t  seal between the tube end and the tube sheet. 

3.2.2.1.2 Cold Box Performance - The co ld  box conta in ing the heat 
exchangers and turbo-expanders s h a l l  be const ructed of carbon s tee l  and 
i n s u l a t e d  i n  such a manner t h a t  the temperature o f  any p o i n t  on the external  
surface s h a l l  be w i t h i n  5°C o f  ambient temperature. The c o l d  box w i l l  be 
i n s t a l l e d  as shown i n  Drawing 70B3730011. 
i s  shown i n  Drawing 7083730001. 

The c o l d  box f a c i l i t y  i n t e r f a c e  

a. The c o l d  box vessel s h a l l  be suspended from a top h a t  sec t i on  and 
the lower sec t i on  conf igured t o  a l l ow  lower ing t o  prov ide access t o  
i n t e r n a l  c o l d  box components. The c o l d  box s t r u c t u r e  and the mech- 
anism t o  lower the bottom sec t i on  s h a l l  be provided by the Sel- 
l e r .  The s t r u c t u r e  s h a l l  support the c o l d  box from the mechanical 
equipment b u i l d i n g  f l o o r  as def ined i n  708373001. 

b. The c o l d  box s h a l l  be designed t o  wi thstand the warm-up and caol-  
down requirements o f  t h i s  s p e c i f i c a t i o n .  
T r a n s i t i o n  j o i n t s  u t i l i z e d  w i t h i n  the c o l d  box s h a l l  be capable o f  
wi thstanding 10,000 temperature cyc les from 400°K t o  4°K w i thou t  
l o s s  o f  s t r u c t u r a l  i n t e g r i t y  o r  measurable leakage. 

c. 
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Under steady s ta te  operating conditions the cold box shall he capa- 

ble o f  maintaining a vacuum level less t h a n  1 x IOm5 torr via the 
vacuuiii system supplied as par t  of the cold box. 

The piping within the cold box and the penetrations from the box 

shall be designed t o  accommodate thermal mot ion over the en t i re  
operating temperature range. 

All instruments and valves located within the cold box shall be 
accessible w i t h  the  bottom lowered t o  allow for inspection and 

maintenance. 
The p i p i n g  shall be la id  o u t  t o  provide for oil removal by solvent 

f l  ushi ng. 
The cold box shall include a 30 micron f i l t e r  on the warm i n l e t  
process streams to prevent migration of particulate matter into 
col d box ci  rcui t s  e 

Downstream f i l t e r s  shall be provided t o  prevent migration o f  so 

the 

i d  

particles from desiccant beds. The desiccant beds shall be sized 

t o  prevent fluidization o f  the be du r ing  the operating conditions 
specified herein. 
The cold box shall be equipped wi th  a rela'ef device capable of 
w i  t h s t a n d i  ng f u l  1 co pressor f low i n  case of' fa i lure  o f  h i g h  or low 

pressure components. Under these conditions, the performance o f  
shells and vessels shall not  be degraded. 
The design shall prevent ~ n ~ r a ~ ~ ~ ~ ~  o f  residual a i r  in stagnant 
dead ended pipe runs dur ing  purge evacuation. 
The p i p i n g  layout design shall prevent the occurrence o f  thermal 
oscil lations that could interfere w i t h  the cryogenic sys t  

i n g  performance as specified herein. 
All cold box heat exchangers shall be i n  accordance w i t h  TEMA Stan- 
dards .  Tubes of tube and shell heat exchangers sha l l  be 
the tube sheet to  form a leak t i g h t  seal between the tube end and 

the tube skeet. Shells o f  tube and shell heat exchangers sha l l  

meet the requirements o f  and be stamped i n  accordance w i t h  ASME 
Boiler and Pressure Vessel Code Section VIII, Division 1. 

All l ines  connecting the cold box with the compressars shall he 
isolated w i t h  f lexible metal j o i n t s  on the compressor end. 
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3.2.2.1.2.1 Turbo-Expanders Performance - The turbo-expanders shall be of 
the gas or o i l  bearing type w i t h  a proven performance history of 90QO hours 

o f  continuous operation or more and documented by a t  least  one cold box 

installation t h a t  uti l izes turbines made by the same manufacturer and are of  

the same type and approximate size or larger. 

a .  The expander design and installation shal l  insure t h a t  the 

expanders are not  damaged nor thea'r performance degraded when sub- 

jected to  the variations i n  flow, temperature, and pressure a s  
specified by the operating modes defined herein. 

expanders can be replaced or  repaired w i t h  minimal warming of l ines 

and equipment. 

Provisions shal l  be made t o  allow replacement or repair o f  the 

expanders w i t h i n  a period of 8 hours ~ e t w ~ ~ ~  shut-down and resump- 

tion o f  l i q u i d  production a t  rated capacity, The sel ler  shal l  

provide the necessary amount of redundancy to accomplish this task 
and shall provide the necessary components w i t h  the refrigerator/ 
1 i quefi er. 

The turbo-expanders shall be furnished w l t h  inlet f i l t e r s  to pre- 

b. The Seller shall design the r~fr igerator / l iquefier  such t h a t  the 

c. 

d. 
vent particles 10 microns or larger 

The f i l t e r s  shall be equipped w i t h  

when they require malntenance. The 

accommodate 9000 hours of operation 

Gas bearing turbo-expanders i f  u t i 1  e. 

from entering the expanders. 

ndicators or alarms t o  indicate 

f i l t e r s  shall be sized to 

without maintenance. 

zed shall be provided w i t h  a 

bearing gas surge volume o r  magnetic thrust bearings t o  allow rapid 

shut-down w i t h o u t  damage to the turbine. 

vented to the compressor suction. 

trol o f  loading from steady s ta te  to standby capacity. 

ure turbine in le t  and outlet temperatures and pressures, expander 
speed, and pressure i n  the brake loop. 

t i o n  to those required by codes specified herein shall include 

The bearing gas shall be 

f. The expander brake s h a l l  be capable o f  continuous (stepless) con- 

g. Minimum instrumentation displayed on the control panel shall meas- 

Protective devices i n  addi- 



overspeed t r i p ,  and bear ing gas o r  o i l  pressure alarm and shut- 
down. Running t ime ioeters sha l l  be fu rn ished t o  show t o t a l  o 
i n g  time. 
The Se l l  e r  sha l l  p rov ide  ins t rumenta t ion  o r  equipment requ i red  t o  
prevent expanders from being damaged i n  the case o f  the l o s s  o f  
instrument power and o r  a i  r, cool ant, or  1 ubr ican t .  
The system s h a l l  be designed t o  prevent equipment damage i n  the 
event o f  a s i n g l e  o r  m u l t i p l e  magnet quench. 
230 psi/sec i n  the m i r r o r  magnet hel ium dewar. The r a t e  i s  based 
on a 28 p s i a  b u r s t  d isc  t h a t  f a i l s  i n  0.12 seconds. Pressure i n  
the l i q u i d  supply, vapor and warm gas r e t u r n  l i n e s  and the magnet 
dewar w i l l  reach 50 p s i a  maximum i n  0.5 seconds. 

1 1 .  

i. 
Pressure r i s e  r a t e  i s  

3.2.2.1.2.2 Cold Box Va?ves Performance 
a .  A l l  c o l d  box valve seats and plugs sha l l  be o f  a hard mater ia l  t o  

r e s i s t  erosion t h a t  would a f f e c t  performance o f  system. 
l i f e  sha l l  be a t  l e a s t  9000 hours o f  apera t ing  time. 
Packed valves s h a l l  be i n s t a l l e d  w i th  the lowest pressure exposed 
t o  the packing (exc lud ing  vacuum) e 

c. The gland packing of extended stem valves s h a l l  remain a t  ambient 
temperature dur ing  normal operatian. 

d. Cryogenic valves mounted i n  the c o l d  box s h a l l  no t  inc lude any 
threaded o r  f langed connections, i n c l u d i n g  bonnets or s t u f f i n g  
boxes w i t h i n  the vacuu 

e. All valves s h a l l  be stamped with f l ow  d i r e c t i o n  arrows on the  bon- 
net, vacuum j a c k e t  o r  body. 

f. A va lve  s h a l l  be i n s t a l l e d  on each o f  the  connecting l i n e s  a t  the 
c o l d  box t o  provide i s o l a t i o n  when the l i n e  i s  removed. 
l i n e s  t h a t  can t r a p  a cryogenic f l u i d  when the i s o l a t i o n  va lve  i s  
c losed s h a l l  be equipped with a r e l i e f  valve. 

Design 

b. 

Those 

g. A1 1 valves opera t ing  a t  sub-atmospheric pressure s h a l l  be packless. 

3.2.2.1.2.3 Gas P u r i f i c a t i o n  Subsystem Performance - The gas p u r i f i c a t i o n  
subsystem sha l l  c o n s i s t  o f  those elements necessary t o  remove and t r a p  con- 
taminants en t ra ined i n  the hel ium gas stream. The p u r i f i c a t i o n  subsystem 
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s h a l l  remove a l l  contaminants t h a t  would degrade the performance o r  cause 
mal func t ion  o f  the c o l d  box o r  o ther  components o f  the system when operated 
as s p e c i f i e d  herein.  The subsystem s h a l l  be designed t o  prevent the migra- 
t i o n  o f  contaminants i n t o  p rogress ive ly  co lder  stages o f  the c o l d  box dur ing  
any combination o f  operat ional  modes descr ibed herein.  Regeneration o f  the  
elements o f  the p u r i f i c a t i o n  subsystem s h a l l  be accompl ished w i thout  i n t e r -  
r u p t i n g  operat ion o f  the cryogenic system. Inst rumentat ion s h a l l  be pro- 
v ided t o  i n d i c a t e  when regenerat ion i s  requ i red  and t o  monitor p u r i t y  o f  the 
gas stream. I n  addi t ion,  p rov is ions  s h a l l  be incorporated t o  au tomat ica l l y  
shut  the system down i n  the event o f  p u r i f i e r  breakthrough. 
s h a l l  remove and t r a p  contaminants from the fo l l ow ing  sources dur ing a l l  
operat ional  modes. 

(1) 

The subsystem 

Make-up gas froin the GHe storage tanks, i nc lud ing  i m p u r i t i e s  i n  the 
grade A hel ium feed gas. MDAC w i l l  sample each t r a i l e r  f o r  p u r i t y  
be fore  the gas i s  admit ted i n t o  the system. 

(G-10, Homex, Kapton, w l a r  tape and EC910 adhesive) 
(2) M i r r o r  magnet and gyro t ron  magnet c o i l  and i n s u l a t i o n  ma te r ia l s  

(3 )  Compressor 1 ubr ican ts  
(4 )  Residual contaminants i n  l i nes ,  etc.  
( 5 )  Normal leakage i n t o  the system 
(6) Leakage i n t o  the system a f t e r  a magnet quench through the sa fe ty  

r e l i e f  check va lve when co ld  o r  the v i r t u a l  leak a f t e r  b u r s t  d i sc  
rep1 acemen t. 

3.2.2.2 L i q u i d  He1 ium Storage Dewar Performance 
(1) The dewar s h a l l  be a proven design t h a t  has been fab r i ca ted  and 

tes ted  by the manufacturer. 
( 2 )  The l i q u i d  helium dewar s h a l l  have a n e t  storage capac i ty  o f  n o t  l e s s  

than 17,300 l i t e r s  minimum w i t h  a 10% u l l a g e  volume. 
( 3 )  The design pressure o f  the  LHe conta iner  s h a l l  be 35 p s i g  minimum. 

It s h a l l  be designed, fabr icated,  t es ted  and stamped i n  accordance 
w i t h  ASWE B o i l e r  and Pressure Vessel Code Sect ion V I I I ,  D i v i s i o n  1. 

(4)  The LHe dewar s h a l l  be const ructed w i t h  the ax i s  o f  the vessel i n  the 
ho r i zon ta l  p o s i t i o n  and s h a l l  be mounted on a s k i d  base. L i f t i n g  
l ugs  s h a l l  be provided t o  handle the vessel and s k i d  assembly. 



( 5 )  lieat leak into the vessel s h a l l  n o t  exceed .75% b o i l o f f  per 24 hours 
~~~~ f i l l ed  t o  design capacity. 

( 6 )  The JT valve shall be specified by the Seller.  
( 7 )  Connections for instal la t ion o f  t r a n s f e r  l ines  shal l  be i n  accordance 

w i t h  drawing 70B373012. 
( 8 )  A getter/molecul ar sieve shall be attached t o  the LHe surface t o  he1 p 

maintain the insulating vacuuiu. The vacuuin space shall maintain 
insulation integrity f a r  a 1ilinitUu;n o f  one year without re-evacuation. 
Safety rel ief  valves sha l l  be installed on the dewar l i q u i d  volume 
and vacuum space and shall be sized i n  accordance i th the Compressed 

Gas Association Handbook o f  Compressed Gases and Safety Relief Device 
Standards f o r  external f i r e  and vacuum lass.  

( 9 )  

(10) A flanged por t  w i t h  a 4-inch manual vacuum valve shal l  be installed 

on the vacuum jacket to  f ac i l i t a t e  vacuu maintenance. The v a l v e  
shall be capped o f f  i t h  an "On' r i n g  seal. 

(11) A seal-off connection w i t h  an adaptor sha l l  be provided t o  permit 

instal la t ion o f  a vacuum gauge, 
(12) Instrumentation shal l  include a LHe level indicator and dewar pres- 

sure gage. Transducers shall be provided t o   all^ ote display o f  
both parameters. 

IF  required an electrical  heater may be instal led i n  the dewar to 
facil  i t a t e  performance testing o f  the R/L and/or turndow 
(see Section 4.2).  

(13) 

3.2.2.3 Gaseous Helium Storage Tanks Perfomance - Three gaseous helium 

storage tanks will be supplied by MDAC-STL. 

f o r  integrating these tanks into the desig of the overall system. The 
combined storage capacity of: the gaseous helium tanks w i l l  be 7500 f t 3  
(water volume) 
external. 

The Seller sha l l  be resp 

The design pressure wil l  be 3 0 p s i g  internal and 15 p s i g  

3.2.2.4 Cryogenic Helium Distribution System Performance - The cryogenic 

he1 i m  distribution system shall interconnect the LHe dewar, atrxil iary heat 
exchanger, cold box, mirror magnet, and gyrotron magnet assemblies, as shown 
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i n  the drawings l is ted i n  paragraph 2.6. The following individual sections 

of  cryogenic transfer lines and associated values are required as a minimum: 

o Cold box feed1 ine to dewar 

o A cold gas return l ine from the storage dewar to the cold box 
o A LHe supply l ine between the storage dewar and the mirror and the 

gyrotron magnet supply mani fol ds 

o ilirror coil supply and return and gyrotron magnet supply and return 

manifolds 

o Cold gas return to the cold box from the mirror magnet and gyrotron 

magnet return manifolds 

o Helium gas cooldown lines from the auxiliary heat exchanger and cold 

box t o  the LHe supply l ine 

o Diagnostic tap on each level 

(1) The LHe cryogenic lines shal l  be vacuum jacketed, utilizing superin- 

sulation, getters, etc. as required to minimize heat leak. A l l  l ines 

sha l l  u t i1  ize internal bel lows to re1 ieve thermal stresses. 

(2 )  The Lile cryogenic lines from the supply and vent manifolds to the 
mirror coils (70B373010) shall  contain sufficient f lexibi l i ty  through 

internal and external bellows sections to accept a maximum displace- 

ment of 1.50 inches in each of 6 degrees of freedom a t  the magnet 
interface i n  addition to manufacturing and installation tolerances. 

( 3 )  A combination pressure relief/seal-off valve shall be provided on 
each transfer line section and each field weld jo in t  t o  permit evacu- 

a t ion  of the vacuum space. Seal materials utilized i n  the valve 
shall be polyurethane. 

( 4 )  A l l  transfer l ine connections shall be accomplished by welding except 
a t  the gyrotron interface. F ie ld  welded connections shall be of 

standard design and shall minimize heat loads into the cryogenic 

f l u i d .  The gyrotron helium supply and return lines shall be termi- 
nated w i t h  male bayonets supplied by the Seller. 
specify the part number o f  the mating female half. 

S h u t  off valves shall be installed i n  the distribution system as 
shown i n  drawings 708373010, 706373014, 70B373008, and 708373017. 

The Seller shall 

( 5 )  
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(6) All valves shall be long  stem vacuum jacketed globe type w i t h  pneu- 
matic actuators t h a t  operate from 3 to  15 psig instrument a i r .  

Valve requirements w i t h i n  the torus enclosure shall be as specified 
i n  Table VI. 

The pressure drop characterist ics and heat losses of the cryogenic 
distribution system shall be compatible w i t h  the delivery require- 

ments specified i n  Table I. 

p i p i n g  i n  conjunction with the compressors must be sized to maintain 

the mirror magnet b a t h  pressure and corresponding temperature w i t h i n  

the speci f i  ed range 

The vacuum space i n  the vacuum jacket o f  the transfer l ines  and f ie ld  
j o i n t  vacuum spaces shal l  be isolated from equipment vacuum. 
Adequate pressure rel ief  devices shall be installed i n  the cold gas 
return l ines  t o  maintain system pressure below 35 ps ig  i n  the event 

of magnet system quench, loss of insulating vacuum, or other anoma- 
lous conditions requiring emergency venting. Burst discs shown on 
drawing 708373010 shall be se t  a t  28 p s i a .  The check valve sett ing 
shal l  be a compromise between minimizing back flow o f  contaminants 

and overpressurizing the magnet dewar. 

(10)  Design pressure of f l u i d  l ines  shall be 100 psi min imum.  

(11) The l ines  including f ie ld  jo in ts  shall maintain vacuum integrity for 
10 years m i n i m u m .  

(12 )  The cryogenic helium l ines  shall be fabricated by welding 304L stain- 
less  steel * 

(13) All vacuum insulated p i p i n g  i n  the torus enclosure shall u t i l i ze  

( 7 )  

For example, the cold helium return 

(8 )  

(99 

Kapton W mu1 i-layer insulation, Dexiglas paper insulators i f  required 
and polyimide or G-10 spacers. 

(14)  The d i s t r i b u t i o n  system design sha l l  prevent oscil lations that  would 

limit system l i f e  or proclude operation as specified herein. 

3.2.2.5 Gaseous Helium D i s t r i b u t i o n  System Performance - The gaseous helium 

distribution system shal l  interconnect the helium compressor to the cold 
box, h i g h  pressure helium storage tanks, auxiliary heat exchanger, bypass 

heat exchanger and the vapor cooled lead cooling returns on the mirror coil 



magnet assemblies. 
ings 70637380 3OB373010, 70B373Q14, 70839310 9, 76B373OO1, T!K373084, 

708373013, 708373811, 768373013 and 70B373020. 

The gaseous hel%uin distribution system I s  shoawn i n  dra 

The gaseous hel ium d is t r ihut - ion  lfrses shal l  be fabricated by welding 

304L ser ies  s t a i n l e s s  s tee l .  
All l ines  and manifolds i u s i d e  the f a c i l i t y  t h a t  ay potenti a1 ly  

carry cold gas shall be insulated t o  ensure t h a t  no exposed surface 

will have a ~ ~ i ~ ~ ~ ~ ~ ~ ~ u ~ ~  lower t h a n  the dew p in$. o f  ambient a i r .  

Insulation snateri a1 s shall  be capab3 e o f  i t h s t a n d i  rig the rad i  a t i o n  
dose speci f i ed h e r d  n w i  t h o u t  ~~~r~~~~~~~ o f  ~ ~ r ~ ~ r ~ a ~ ~ ~ ~ .  Val ve 

requirements ia i tha 'n  the torus enclosure shal l  be as spec i f i ed  I n  
Table VI. 

All automatic or ~~~~~~~~ operated valves shall be pneu 

operated from 3 t o  15 p s i g  instrument d i p .  

Two blowers and an a ~ ~ ~ ~ ~ ~ ~ ~ ~ r  shal l  be installed i n  the warm GHe 

blower shall provide reduiialant back-up for the other. The flow eon- 
trol valves shall be provided wdth pneumatic operators. 

Design pressure of F l u i d  l i nes  shal l  be 308 p s i  ~ i ~ i ~ ~ ~ ~  

iwtain ssnic. f l o w  ac~"oss the f low control valves. One 

- The l i q u i d  n i t rogen  

t r a p s  and auxiliary heat 
exchanger. 
dewar will be a s~~~~~~~ c ercs'al una'% w;tR a pressure b u i l d i n  

minimum capacity o f  96800 gallons, and a v a c w  jacketed wfthdrattal 1 ine.  I t  

Seller shall be responsible for ~~~~~~~~~~~~ t h i s  dewar into the deslgn o f  
the overall ~~~~~~~~ 

I n  addi t ion,  i t  shall pnwialirt k#2 For diagnost ic  ~~~~~~~ 

AC wfll supply the d 
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The heat loads ( d e l i v e r y  requirements) s p e c i f i e d  i n  Table I 1  do no t  i nc lude  
1 i n e  losses. The I - N z  d i s t r i b u t i o n  system i s  shoadre schematical ly i n  drawing 
70H373017. It s h a l l  supply the follows’ng: 

Q LM2 heat s h i e l d  surrounding the m i r r o r  c o i l  magnets 
o Lld2 heat. s h i e l d  surrounding the gyro t ron  magnets 
o LN2 coa l i ng  f o r  steady s t a t e  opera t ion  o f  the r e f r i g e r a t o r / l i $ u e f i e r  
o LW2 supply t o  the a u x i l i a r y  heat exchanger 
o LN2 supply t o  d iagnos t ics  
Q LN2 supply to the gas p u r i f i c a t i o n  systerra 
o LN2 supply t o  the vacuum pump t raps  as shown i n  Figures IO and 11. 

A l l  LN2 supply l i n e s  s h a l l  be super insu la te  and vacuum jacketed. 
A l l  vacuu111 insu la ted  p i p i n g  i n  the to rus  enclosure s h a l l  u t i l i z e  
Kapton H m u l t i - l a y e r  i nsu la t i on ,  Dexig las paper i n s u l a t o r s  i f  
requ i red  and poly imide or G-10 spacers. 
A combination seal-of f /pressure re1 i e f  valve s h a l l  be provided an 
each t r a n s f e r  l i n e  sec t i on  and each f i e l d  j o i n t  t o  permi t  evacuation 
of the vacuum space. Seal ma te r ia l s  u t i l i z e d  i n  the va lve  s h a l l  he 
polyurethane. 
Each sec t ion  of LN2 l i n e  s h a l l  be capable o f  sus ta in ing  vacuum a t  
10-5 t o r r  f o r  a minimum o f  IO years 

shown on schematic drawing 706373017, 
All valves used f o r  f l o  con t ro l  s h a l l  be l ong  ste  vacuum jacketed  
g l  obe type w i t h  pneumatic actuators.  
Val ve requirements 
Design pressure fo r  f l u i d  l i n e s  s h a l l  be 100 p s i  mininium. 
The LM2 t r a n s f e r  l i n e s  from the  supply arid vent manifolds t o  the 

m i r r o r  c o i l s  (70B373010) s h a l l  con ta jn  s u f f i c i e n t  f l e x i b r i l  i t y  through 
i n t e r n a l  and ex terna l  be l  1 ows sec t ions  t o  accept a aximurn d i  spl ace- 
ment o f  1.50 inches i n  each o f  6 degrees o f  freedom a t  the magnet 
i n t e r f a c e  i n  a d d i t i o n  to manufacturing and i n s t a l l a t i o n  tolerances. 
The l i q u i d  n i t rogen  d i s t r i b u t i o n  l i n e s  sha l l  be fab r i ca ted  by welding 
304L s t a i n l e s s  stee? . F i e l d  we1 ded connections s h a l l  be o f  standard 
design and s h a l l  minimize heat leak  i n t o  the cryogenic f l u i d .  

i thou t  re-evacuation. 
t - o f f  valves s h a l l  be i n s t a l l e d  i n  the  LU2 d i s t r i b u t i o n  system as 

f t h i n  the t o rus  enclosure are shown i n  Table V I .  
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( 5 )  A GHo heater shall be provided i n  the heat exchanger t o  fac i l i t a te  

the warm-up process of the mit-orr coil and gyrotron systems. 

(6 )  The GWe heater shall be electric and shall provide a minimum of 

120,OOOW of heating t o  the helium gas stream. 

( 7 )  Power i n p u t  t o  the GHe heater- shall be controlled to l imit  the tem- 

perature differential across the mirror coils per Table 111. 

(8) The auxiliary heat exchanger shall conform to  TEMA s tandards  l is ted 

i n  Section 2.6. 
(9) The auxi l ia ry  heat exchanger shall be designed, fabricated and 

stamped i n  accordance w i t h  WSME Boiler & Pressure Vessel Code, 

Section VIII,  Division 1. 

6 

3.2.2.10 Bypass Heat Exchanger Performance - The bypass heat exchanger i s  
required t o  prevent cold helium gas from entering the compressor suction 

when the cold box i s  down f o r  repair or maintenance. Cold gas returning 

from the mirror magnet and gyrotron magnet dewars will bypass the cold box 

and be warmed i n  the bypass eat  exchanger before entering the compressor 

suction, 

(1) The bypass heat exchanger shall accept and warm the total helium gas 

( 2 )  
load for steady state operation as defined i n  Table I .  

When operating w i t h  the t o t a l  steady s ta te  gas load, the pressure 

drop through the bypass heat exchanger shall be such to allow the 

mirror magnet and gyrotron magnet dewars t o  operate a t  a pressure of 

14.7k0.3 psia. 

( 3 )  The temperature of the gas on the compressor side of the heat 
exchanger shall be such to prevent damage or malfunction of the 

compressors. 

( 4 )  The bypass heat exchanger shall conform t o  TEMA standards l isted i n  

Section 2.6. 
(5) The bypass heat exchanger sha l l  be designed, fabricated and stamped 

i n  accordance w i t h  ASME Boiler and Pressure Vessel Code Section VIII, 

Division 1. 
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3.2.2.11 Instrumentation and Control System Performance - An instrumenta- 

t ion  and control ( I K )  subsystem shall be provided t o  allow single opera- 

t o r  t o  monitor and control the system d u r i n g  a l l  modes o f  operation iden t i -  

f i  ed herd n.  

The capabili ty for  a single operator t o  monitor and control the system shall 

be defined as  follows. The I&C sys t  suppl ied  by the seller shall provide 

those displays and controls necessary t o  allow one! person to operate the 
system from the master control room. The single operator w d l l  be assisted 

by personnel who can make manual adjustmenets on the system elements under 

his control. 

The Sel ler  shall be responsible for  the complete subsystem except as 

fol 1 ows : 
(1) Providing and processing the output signal of the l i q u i d  level trans- 

ducers and supplying the 3-15 p s i g  pneumatic control signals to the 
mirror magnet and gyrotron magnet dewar helium f i l l  valves. 

supplying the 3-15 p s i g  p ~ ~ ~ ~ a t ~ c  control signals t o  the mirror mag- 

net and gyrotron magnet dewas nitrogen shield f i l l  valves. 
Providing and processing the output signal o f  the vapor cooled lead 
temperature transducers and supplyi oag the 3-15 p s i g  ~ n ~ ~ ~ ~ t i c  control 

signals t o  the mirror agrset vapor cooled lead valves. 
Providing and processing the output signal of the mirror and gyrotron 
coi l  instrumentation and sup l y ing  the control signals to the 
auxiliary heat exchanger. ~~A~ will provide a 3-15 psig pneumatic 

signal t o  control LW2 flow during ~ o o ~ d o ~ ~  and a 0-5 vdc signal t o  
control the heater during warn-up. 

(2) Processing the output signal of the bilevel l i q u i d  transducers and 

( 3 )  

( 4 )  

A control center shall be located i n  the EBT-P control ro 

Drawing 70B378011 and shall provide the necessary co trol functions for  both 
manual or  computer assisted operation. The control center shall mimic a 
control console located i n  the echanical equipment b u i l d i n g .  The seller 
shall provide a l l  control and monitoring required to  operate the complete 
system except as noted here-fn.  These control functions s a l l  be designed 
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as interlocked permissives using an Allen Bradley PLC-3  Process Con- 

trol  1 er. The refrigeratorll  iquefies and cryogenic distribution system con- 

trol center shall include a process flow schematic, and shall be subject t o  

MDAC-STL approval.  

Cryogenic system status,  caution and warnjng ,  and master control s h a l l  be 
accomplished fran the ERT-P Master Control Console (MCC) as shown in Drawa’ng 

708378011, 
cess feedback teminals  t o  monitor, sequence, and adjust the operating para- 

meters of the system from t h e  MCC. 

The Seller shall provide t h e  necessary status  signals and pro- 

Control a f  the complete cryogenic system except as noted may be performed 

from either the cont ro l  console or the control center, b u t  not  from both 
simultaneously. The transfer o f  control f rom ei ther  location sha l l  be bump- 

less  for the discrete and analog systems. A l l  automatic safety ~ ~ ~ t ~ o w ~  

controls t h a t  are required t o  protect the f ac i l i t y  or ~~~i~~~~~~ shal l  be 

independent o f  ei ther  manual or computer operating control. Annunciation o f  
each shutdown shall be displayed ow b o t h  the c o n t ~ o l  console, control center 
and monitored by the computer. Figure 3 defines the general cryogenics/ 
instrumentation system interface. Detail interfaces are shown f n  Figures 4, 

7 and 8. 

The control console and microprocessor s a l l  be supplied by the Sel- 
l e r .  The console shall provide visible indications for the valve  
positions and compressor on/off conditions. Contact closures f a r  
these shall a1 SO be provided for the control center. 
Fault conditions t h a t  preclude normal operation of t he  helium 
refrigerator/l iqueffer shall be displayed on the control console and 
control center w i t h  interface capabil i t y  t o  the MCC and co 
system. 
The control center shall provide meters or digital  readouts for a l l  

f l  ow meters temperature an pressure measur ents, or  other readouts 
essential t o  operation o f  the he1 ium refrigerator/l  iquefier, and 
distvibution systems. 
these quantities shall be provided fo r  MCC status  and control. 

Analog or binary-coded signals representing 
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(4) The Master Coistrol Console will be provided by N AC-SI-La The Seller 
end those parameters required far %&e safe on i  t o r i  ng and 

control o f  the wyC;a en ic r  system. MDAC-STb. w 4 l l  a lso  p m v i d e  the 

software f o r  intet-dependent systems inter1 scks t o  geriiait t,he sa fe  and 
orderly start-up and F a i  1-safe shutbt-iwn. 

4.0 QUALITY ASSURANCE PROVISIONS - The abi l i ty  o f  the C Y Y O ~ Q ~ ~ C  S y S t W  

defined by this s p e c i f i c a t i o n  t o  iseet the  requirements s p e c i f i e d  i n  Sect ion 
3.0 shall be v e r i f i e d  by the performance o f  inspect ions,  analyses, and tes ts  
as described herein. The Seller shall develop and MDWC will rapprove plans 

for pre-acceptance testing The plan shall 
i n c l u d e  tests whfch may be conducted a t  sub-t ier  suppller levels, manufac- 
turi ng i n  process inspect ions,  and sub-assenbly perfor  ance tes t%ng  a0 

appl icabl e. 

nd inspectian prior* t o  s k i  inefit* 

The cryogenic system acceptance t e s t s  shis9 1 be perfok 

Industrial Park following installatisn in the EB'T-P faeil i t y e  
tancc tests shall be ~ ~ r ~ a ~ ~ ~ ~  i n  acc rdance w i t h  an ~~~%~~~~~~~ tes t  pvoce- 
dure prepared by t 
performance o f  the refrigeratw/l i q u e f i e r  skal1 be condlacte 
from the cryoagendc distribution systati. The Seller shall provide all equip- 

ment and materials f o r  all testsc 
cal supervi slon t o  perfom i rect supervi s i  on 
o f  the Seller. Training o C-SYL and/or 6W L technjcians i n  the opera- 
t i o n  o f  the crye a l l  be ~~~~~~1 ished at the EBT-P facil i t y  as 
part of the acce 

Ridge Val 1 ey 
The aecep- 

d ~~~~~~~~ by MD C-STL.. Veri F i c a t i s  

4.1 PRE-ACCEPTANCE TESTS - ~ ~ ~ - ~ ~ ~ ~ ~ ~ a n ~ e  t e s t i n g  conoa'sts of those tests 
and inspections co 
cation o f  the equi n t  Lo assure t h a t  the ~ ~ ~ ~ ~ ~ $ ~ ~ n ~ ~  o f  t h i s  specif ica- 
t i on  are being e t 9  These tests shall include, but  not be 1 i 
fa1 1 owi ng : 

~~~~~~ and ~~~~s~~~~ ies  d u r i n g  the fabri- 

(1) Cold Box and P i p i n g  -. - A11 pipfaig,  valves, and vessels i n  the cold hex 
shall be subjected t o  pneu a t i c  testing 1n accordance with the AS 
Pressure Vessel Code an Power Pip ing  Codes. All f l u i d  lines shall be 
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helium leak tested. 

scc/second. I f  applicable, a l l  valves shall be tested i n  accordance 

w i t h  MSS document SP-61, Hydrostatic Testing of Steel Valves. Also, 

a l l  p i p i n g  sha l l  be tested t o  standards o f  Pipe Fabrication Institute 

( P F I )  document ES4, Standard Practice, Shop Hydrostatic Testing of 

Fabricated P i  p i n g .  

Cold Box Vacuum - The cold box p i p i n g ,  vessels, heat exchangers, and 

other components shall be subjected t o  normal operating pressures by 
flowing Helium gas either from the compressor or  an external pressure 
source. 

the vacuum level shal l  n o t  exceed 1 x torr for one hour when 

pumped w i t h  the vacuum system supplied w i t h  the cold box. 

Compressor Performance - Fol lowing completion of the install ation of 

the compressor, the compressor shall be operated under design condi- 

tions for a period of 24 hours t o  verify compliance w i t h  this speci- 

fication. The Seller s h a l l  specify the tes ts  required to denonstrate 

performance of the compressor skids. 

Vacuum Jacketed P i p i n g  - The Seller shall perform and the p i p i n g  

sha l l  pass a thermal short tes t  on each individual vacuum jacketed 

spool.  

Auxiliary Heat Exchanger - All p i p i n g ,  valves, and vessels i n  the 
auxi l ia ry  heat exchanger shall be subjected t o  pneumatic testing i n  

accordance w i t h  the ASME Pressure Vessel Code and Power P i p i n g  

Code. All f l u i d  lines sha l l  be helium leak tested. Maximum leakage 

sha l l  not exceed 1 x scc/second. If applicable, a l l  valves 
sha l l  be tested i n  accordance w i t h  MSS document 9 - 6 1 ,  Hydrostatic 

Testing of Steel Valves. 
By-pass Heat Exchanger - A l l  p i p i n g ,  valves, and vessels i n  the 

by-pass heat exchanger shal l  be subjected to pneumatic testing i n  
accordance w i t h  the ASME Pressure Vessel Code and Power P i p i n g  

Code. All f l u i d  lines sha l l  be helium leak tested. Maximum leakage 

shall n o t  exceed 1 X scc/second. If applicable, all  valves 

will be tested i n  accordance w i t h  MSS document SP-61, Hydrostatic 
Testing of Steel Valves. 

~ a x i m u m  leakage sha l l  not exceed 3. x lo-" 

( 2 )  

When tested a t  operating pressure and ambient temperature, 

( 3 )  

( 4 )  

(5) 

(6) 
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4.2 ACCEPTANCE TESTS - The f i n a l  acceptance t e s t  o f  the r e f r i g e r a t o r /  
l i q u e f i e r  s h a l l  be conducted f o l l o w i n g  i n s t a l l a t i o n  and checkout by the 
Se l le r .  The f i n a l  acceptance t e s t  o f  the cryogenic d i s t r i b u t i o n  system 
s h a l l  be conducted i n  conjunct ion w i th  the f i n a l  acceptance t e s t s  o f  the 
complete EBT-P device or, a t  the op t i on  o f  the Se l le r ,  p r i o r  t o  connecting 
the  magnets u t i 1  i z i  ng dummy magnet 1 oads 

The he1 ium r e f r i g e r a t o r / l  i q u e f i e r  s h a l l  be tes ted  t o  ineet the requirements 
spec i f i ed  herein.  The ou tpu t  o f  the r e f r i g e r a t o r / l i q u e f i e r  s h a l l  be meas- 
ured w i t h  e i t h e r  a ca lor imeter ,  (supp l ied  by the S e l l e r  as part o f  the  
r e f r i g e r a t o r  package) o r  w i t h  the use o f  a c a l i b r a t e d  heater permanently 
i n s t a l l e d  i n  the l i q u i d  helium dewar. 
f o r  the acceptance of the r e f r i g e r a t o r / l i q u e f i e r ,  the heat leak  s h a l l  be be 
determined by measuring the steady-state b o i l - o f f  r a t e  with a l l  l i n e s  i n  
place, and vacuum annulus evacuated t o  s p e c i f i c a t i o n  requirements. The heat  
leak s h a l l  no t  exceed the requirements s p e c i f i e d  i n  3.2.2.2(5). The r e f r i g -  
e r a t o r / l i q u e f i e r  s h a l l  meet o r  exceed the requirements spec i f i ed  i n  3.2.2.1 
f o r  a minimum o f  24 hours. 

If the l i q u i d  hel ium dewar i s  used 

Acceptance t e s t i n g  o f  the d i s t r i b u t i o n  system a f t e r  i n s t a l l  a t i o n  b u t  before 
connecting the magnet dewars s h a l l  inc lude pneumatic t e s t i n g  rat tw ice the  
opera t ing  pressure, external  leak  t e s t i n g  o f  the system, i n t e r n a l  leak  t e s t -  
i n g  o f  valves, heat  leak v e r i f i c a t i o n  t e s t i n g  and mechanical i n t e g r i t y  t e s t -  
i n g  o f  a l l  dynamic components i n c l u d i n g  inst rumentat ion.  A f t e r  connect ing 
the magnet dewars, the system ( w i t h  magnet f i l l  valves open) s h a l l  be pneu- 
m a t i c a l l y  t es ted  a t  52.5 psfg. Magnet b u r s t  d iscs  s h a l l  be removed and the 
open stack capped o f f  t o  perform t h i s  tes t .  A f t e r  the pneumatic tes t ,  the 
b u r s t  d i scs  s h a l l  be replaced and the whole system sha l l  be leak tested. 

The acceptance t e s t s  s h a l l  inc lude demonstrations o f  operat ion i n  a l l  
opera t ing  modes descr ibed herein, and s h a l l  demonstrate t h a t  the  system i s  
s u i t a b l e  f o r  i t s  intended purpose and meets the requirements o f  t h i s  
spec i f i ca t i on .  
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The Se l l e rs  d e t a i l e d  acceptance t e s t  procedures s h a l l  can ta in  s p e c i f i c  
requirements, accept / re jec t  c r i t e r i a ,  and exact desc r ip t i ons  o f  each t e s t  
w i t h  p rov is ions  t o  record the types of equipment used dur ing  the t e s t .  
S e l l e r s  acceptance t e s t  procedures s h a l l  be prepared and submitted i n  accor- 
dance w i th  the SDRL. 

5.0 

5.1 

5.2 

PREPARATION FOR DELIVERY 

IDENTIFICATION AND MARKING 
a. A l l  separate de l i ve rab le  items o r  replaceable components s h a l l  be 

The f a l l o w i n g  data s h a l l  be i nc luded on marked w i t h  a nameplate. 
the namepl ate: 

a Pa r t  name 
o Manufacturing name and FSCM no. 
o Spec i f i ca t i on  number (MDAG-STL p a r t  no.) 
o Manufacturing s e r i a l  number 
o Date o f  manufacture 

b. Fur ther  a l l  p i p i n g  s h a l l  be marked i n  accordance w i t h  the Pipe 
Fabr i ca t i on  I n s t i t u t e  (PFI 1 Standards ES11, Recommended Prac t i ce  
f o r  Permanently A f f i x i n g  I d e n t i f i c a t i o n  Symbols t o  Fabr icated 
Piping. 

i n  accordance w i t h  MSS document, SP-25 Standard Marking System for 

Valves, F i t t i n g s ,  F l  anges, and Unions. 
an arrow i n d i c a t i n g  the  f l ow  d i r e c t i o n .  

e. Fur ther  a l l  valves, f langes, f i t t i n g s ,  and unions s h a l l  be 

Valves shall  be marked w i t h  

PACKAGING FOR SHIPMENT AND DELIVERY 
a .  conformance - The equipment t o  be d e l i v e r e  sha l l  be completely 

assembled (spool level) and s h a l l  conform t o  a l l  r e q  
t h i s  s p e c i f i c a t i o n  and conformance s h a l l  have been establ ished per 
4.2. Any area o f  noncanfomance requ i res  MDAC au tho r i za t i on  p r i o r  
t o  shipment. 
Documentation - One copy of  the acceptance t e s t  records per 4.2 
sha l l  accompany the equipment. 

b. 
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c. P ro tec t i on  - As a minimum, the e ~ ~ i ~ ~ e n t  s h a l l  be pro tec ted  by 
i n s t a l l a t i o n  o f  Cap-Plugs o r  o ther  s u i t a b l e  devices on a l l  e lec- 
t r i c a l  and pneumatic connections rand s h a l l  be sealed i n  a p l a s t i c  
bag t o  preserve c leanl iness.  A l l  l i n e s  and vessels s 
sur ized t o  5 p s i g  minimum w j t h  a dry gas p r i o r  t o  shipment. 
Preparat ion fo r  Shipment - The equipment s h a l l  be prepared f o r  
shipment i n  accordance w i th  

d. 

6 .0  ACRONYMS AND ABBREVIATIONS - The f o l l o w i n g  d e f i n i t i o n s  are  appl i c a b l e  
t o  the acronym and abbrev iat ions u t i 1  i z e d  I n  t h i s  spec i f i ca t i on .  

I tem De f i  n i  t.i on 

ANSI American Nat ional  Standards I n s t i t u t e  

ASME American Society o f  Mechanical Engineers 

ASTM American Society for Test ing and Mate r ia l s  

CGA Compressed Gas Associat ion 

cry0 Cryogenies 

EBT-? py Torus Proof o f  P r i n c i p l e  Device 

f t 3  Cubic f e e t  

GHe Gaseous He1 i urn 

Gaseous Ni t rogen GN2 

gm/sec Grams per second 

IEEE American I n s t i t u t e  o f  E l e c t r i c a l  and 
E lec t ron i cs  Engineers 
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I SA 

O K  

L He 

LN2 

MCC 

MDAC 

MSS 

NBS 

NbTi 

NEMA 

P&ID 

PF I 

PO 

PS 

p s i  

P S i g l  

scc/second 
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Instrumentat ion Society o f  America 

Degrees Kel v i  n 

L i q u i d  Heliuin 

L i  qu id N i  t rogen 

blaster Control Console 

McDonnell Douglas As t ronaut ics  Company 

Manufacturers Standardizat ion Society 

Nat ional  Bureau o f  Standards 

Niobi  urn T i  t a n i  una 

Nat ional  E l e c t r i c a l  Manufacturers 
Associ a t  i on 

Process and Instrument Diagram 

Pipe Fabr i ca t i on  I n s t i t u t e  

Purchase Order 

Procurement S p e c i f i c a t i o n  

Pounds per square i n c h  

Pounds per square i nch  gauge 

Standard cubic cent imeter per second 
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SC F 

SRDP 

ssow 

TBD 

TB S 

TEMA 

Standard cubic f e e t  a t  standard 
atmospheric pressure and tmpera ture  

Subcontractor Data Requirements Package 

Subcontractor Statement o f  Work 

To Be Determined (By MDAC) 

To Be Specif ied (By S e l l e r  i n  Proposal) 

Tubular Exchanger Manufacture Association 
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ZS? I 

GYROTRON MAGNET DEWAR 
INTERFACE SCHEMATIC 

FIGURE 2 



Device Element 

Table  I 

Devi c e  He1 i um Del 4 very 
Requirements 

m F1 u i  d P r o p e r t i e s  A Consumptio @' Number Total  
Each Element o f  Elements Consumption In1 e t  Out1 e t  

Mirror Magnet 36 

Steady S t a t e  Dewar Losses 26.8 l/hr (q19.0 W )  9M.8 l/hr L i q u i d  @ 4.2'K Vapor @ 4.2"K 

Steady S t a t e  Lead Losses 5.0 l/hr 

Total  Steady S t a t e  Losses 31.8 l/hr 

180.0 l / h r  L i q u i d  @ 4.2"K Gas 8 300°K 

1144.8 l/hr 

Standby Dewar Losses 12.7 l/hr (C9.0 W )  456.8 l / h r  L i q u i d  @ 4.2',K Vapor @ 4.2"K 

Standby Lead Losses 5.0 l/hr lCO.0 l /hr L i q u i d  Q 4.2'K Gas Q 300°K 

Total Standby Consumption 16.1 l/hr 579.2 l / h r  

Operational Losses 1 .2  l/hr 6 7.2 l / h r  L i q u i d  Q 4.2'K Vapor @ 4.2'K 
Standby Losses 1 .2  l/hr 7.2 l/hr L i q u i d  Q 4.2"K Vapor @ 4.2"K 

Notes: 

Gyrotron A 
D O T -  
D D m a  
m 4 m m  

A m m x 0  1 
- T u = "  L i q u i d  a t  4.2"K i s  s a t u r a t e d  l i q u i d  i n  t h e  pressure range o t  14./ - + u.3 b l ~ .  
, - ? S  

* z  0 

2-5 0-4 

0 

z 
0 

Gyrotrons w i l l  be b u l k  f i l l e d  d a i l y .  

Liquid consumption based on the l a t e n t  h e a t  a t  14.7 V i a .  

Approximate volume of each gyro t ron  i s  60 l i t e r s .  
o <  n o  2 2 .  

- 0  
-.I -3 
ul 0 
07 v 
d CJ 

0 
0 
0 
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Table IT1 

Mirror Magnetic Characteristics 

LHe Dewar 
~ 

Total Volume 

Min.  Operating Volume 

Max. Opera t i  rig Volume 

Pressure R a t i n g  (LHe Dewar) 

Des i gn 

Operating Range 

Quench Mode Max. 

Quench ;lode Ri se Rate i n  Flagnet 

Burst Disc Setting 

____ Heat Flux (LHe Dewar) 

Operating (plasma powered) 

Standby (no plasma power) 

Insulation Vacuum Loss 

Maximum Cool down A T  (300-1 00°K Range) 

Maximum Design Pressure LN2 Shi? ld  

A P  Across LN2 S h i e l d  

30.0 1 

20.0 1 

25.2 1 

50 psia 

14.7 + Q.3 psia 

50 psia 

230 psi/sec 

328 psia 

_- 

19.0 w 
9.0: w 
16,800 W 

10°K (bobbin t o  w i n d i n g )  

30 p s i g  

5 psi 
. ... 
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Table V 
Utili ty Interfaces 

Electrical Power 

o 2400 VAC, 3 b ,  60 HZ 
o 220 VAC, 36, 60 HZ 
o 110 VAC, lfi, 60 HZ 

o Filtered and Oil Free Air a t  15 PSIG and 72°F 
Instrument Air 

Cool i ng Water 

o Demi nera 7 i zed 

o Inlet Temperature t o  Equipment 100°F 

o Maximum Temperature Rise Across Equipment 18°F 
o Pressure 230 p s i g  

o Flow Rate TBS 
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ASTR~NAUVICS COMPANV -ST. LOUIS 

I tem 
o Magnet Dewar 

LHe Topping 
LHe Cooldown 
LN2 Shield 
Vapor Cooled Lead 

o Gyrotron Dewar 
LHe Fi l l  

He Vent 
LN2 Shield 
Shield Vent 

Table VI 
Valve Requirements 

Inside Torus Enclosure 

Part Number 

V-2070-050-J-S.&~ 

V-l070-050-J-SLi? 
V-lO70-050- J - S A  
SS-8BG-STE-93NOA 

V-2070-050- J-S& 

V-~O~O-O~O-J-SL!~ 
2 V-1070-050-J-SLL 

V-1060-05O-J-SA 
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Operator 

88-0720-01 001 A 
88-0720-Ol OOl fk 
88-0720-01 001 A 
included with valve 

88-0720-01 001 A 
None (manual ) 
88-0720-01 001 L% 

None (manual ) 

dl Part number of CVI Corporation. The basic valve shall be modified 
by removing the standard parts and replacing them w i t h  parts made 
from the materials shown. 

1 )  Seat Seal - Polyimide 
2 )  Bonnet O-Rings - Polyurethane 
3 )  Wear Rings - Polyimide 

kh Part Number of Nuprocompany. The basic valve shall be modified by 
removing the standard parts and replacing them w i t h  parts made from 
the materials shown. 

1 )  Operator O-Rings - Polyurethane 
A Part number of CVI Corporation. The valve operator shall be 

modified by removing the standard parts and replacing them w i t h  parts 

made from the materials shown. 
1 )  O-Rings - Polyurethane 
2 )  Piston Gasket - Polyurethane 

A Other values located inside the enclosure are optional, however, they 
shall meet the radiation l i f e  requirements specified herein. 
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FIGURE 3. 

INTERFACE BLOCK DIAGRAM 

REMOTE 
REFRIGERATOR 
CONTROL CENTER 

MECHANICAL EQUIPMENT B U I L D 1  NG 
CONTROL ROOM 

---------- 

H E L I U M  REFRIGERATOR SYSTEM 
----- 

MDAC INSTRUMENTATION AND CONTROL 
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FIGURE 10 

PUMP TRAP DEVICE" l&C INTERFACE 
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2. DES I GN 
A .  
8 .  
C. 

D. 
E. 
F. 
G. 
H. 
1. 
2. 
K. 

L. 

REWIREMENTS: 
TANK SHALL BE CONFIGURED AS SHOWN. 
INTERNAL VOLUME SHALL BE 2500 CUBIC FEET MINIMUM. 
INTERNAL PRESSURE: VACUUM TO 300 PS1G MAX AT 70 DEGREES F. 

ALLOWABLE LEAKAGE: 1-10 EXP -7 SCC/SEC OF HELIUM MAXIMUM. 
ELLIPSOIDAL HEAOS SHALL BE USED. 
WEIGHT: APPROX. 50.000 LBS REF. 
DRAIN: FLANGE DESIGN. METAL 0 RING SEALED WITH MATING BLIND FL 
USEFUL LIFE: I O  YEARS MINIMUM. 
WINDLING/SHIPPING LUGS: A S  REQUIRED BY VENDOR. 
INTENDED USE: HELIUM GAS STORAGE. 
TANK MbUNTING FOUNDATION WILL PROVIDE APPROX I DEGREE OF PITCH. 
(AFT MOUNTING LEG 6 INCHES HIGHER THAN FORWARD1 

VACUUM TO 335 PS1G MAX AT 130 DEGREES F. 

MANIME: SIZE IN ACCOROANCE WITH REQUIREMENTS OF NOTE I. LEA1 

3. MATERIAL: TANK SHALL BE FAERlCATED FROM THE FOLLOWING MATERlAlS: 
r w : '  SA as. GRADE c OR SA 5 1 6 ,  GRADE 70 CARBON STEEL. 
SRUCTWE: SA 36 CARBON STEEL 

4. FINISH: TANK SHALL BE EPOXY PRIMED/PAINTED USING A WATERPROOF 
~ I M E R .  2 MILS MINIMUM THICKNESS. I N  ACC~ROANCE WITH VENDOR PROCESS 

PERIOD OF s YEARS MINIMUM. FINAL TANK COLOR WILL - .  eE 13711 PER 
FED-STD 595 ~COLORI LIGHT TAN 1 . 
SPECIFICATIONS TO INSURE OUT DOOR CORROSION PROTECTION FOR A 

5. ENVIRONMENT: TANK WILL BE INSTALLED OUTDOORS. 
A. TEMPERATURE RANGE: -20 DEGREES F TO I30 DEGREES F. 
8. RADIATION: NONE 
C.  WINO LOAD: 100 MPH MAX. 
0. SEISMIC LOAD: UNIFORM BUILDING CODE SEISMIC ZONE 2, LATEST 

ISSUE AN0 AODENOA. 

A SAFETY: THE SAFETY VENT DEVICE SHALL CONSIST OF A BURST DISK AND . 
SPRiNG LOADEO RELIEF VALVE MOUNTED IN PARALLEL. 

THE BURST DISK AN0 RELIEF VALVE SHALL BE FLANGE MOUNTED 
1w) EMPLOY A METAL 0 RING SEAL. . _ .  - 

7. CLEANING: INTERNAL TANK CLEANING SHALL BE IN ACCORDANCE 
WITH VENDOR PROCESS SPECIFICATIONS AS REQUIRED FOR HELIUM 
USAOE. 

.ANGE 

'E A S  

WING: THE FOLLOWING INFORMATION SHALL eE AODEO TO THAT A REWIRED BY THE ASME CODE ON A PERMANENTLY ATTACHED METAL 
NAME PLATE LOCATED AS SHOWN: 
M3AC DWG NO. 708373007 
CONTRACT NO. 22X-2I-OQ9C 
VOLWE: (ENTER TO NEAREST CUBIC FOOT1 - . -- 

SHOWN. 

IO.  

I ! .  

12. 

H 
H MAINTAiNABiLIYYr MAINTAINABILITY SHALL BE LIMITED TO REPAINT 

AT 5 YEAR, MINIMUM. INTERVALS. 

PACKAGING: PACKAGING SHALL BE IN ACCORDANCE WITH VEYOOR PROCESS 
SPECIFICATIONS TO PREVENT DAMAGE DURING SHIPMENT. 

T A M  SHALL BE EOUIPPED WITH A PRESSURE GAGE AND 
CHARGING VALVE AND SHALL 8E CHARGED WITH 2 PSIG. WITH -60 
DEGREE F, DEW POINT. HELIUM GAS WRING SHIPMENT. 

OOCUMENTAT I ON : 
A. THE FOLLOWING DOCUMENTATION SHALL BE SUBMITTED FOR MDAC 

APPROVAL WITHIN 90 DAYS OF CONTRACT APPROVAL: 
E T A  1 L DRAW I NGS 
DESIGN CALCULATIONS 
b'EMXiR WELD SPECIFICATIONS/PROCEOURES 
VENDOR CLEANING SPECIFICATIONS/PROCEDURES. 
VENOOR REPAIR SPECIFICATIONS/PROCEOURES 
LEAK TEST SPEC1FfCATIONS/PROCEDURES 

VENw3R MATERIAL FINISH SPECIFICATIONS _ -  i? 
6. T#-?OLLOWING INFORMATION SHALL BE SHIPPED ALONG WITH 

- - - - c  TkE TANX: 
HYDROSTATIC TEST RESULT 
RECORB OF ALL REPAIR WORK 
RECORD OF MATERIAL OF CONSTRUCTION 
K T U N  tCALCULATED/ESTIMATEDI WEIGHT 

MATERIAL CERTIFICATIONS 
HEAT TREAT RECORDS 
A M  CODE CERTIFICATIONS 

ASUE DATA SHEET U-2 

C. THE FOLLOWING INFORMATION WILL BE AVAILABLE ON REOUEST: 

WELD INSPECTION RECORDS . .  

- H  OUTLET WELR NIPPLE SHALL BE SA 304 L STAINLESS STEEL. 3.0 
00. -203 WALL THICKNESS. 

- . . -. . . .. . . . - . . .- - i. 14. Y M  SHALL BE DELIVERED WITH A SPARE SET OF SEALS AND GASKETS. 

B. TESTING: 
A. HYCROSTATIC TESTING SHALL BE DONE AT 500 PSIG PLUS 50 

MINUS 0 PSIG. 
HYDROSTATIC TESTING. 

b. LEAK RATE AFTER HYDROSTATIC TEST SHALL? NOT EXCEED THAT 
SPECIFIED IN 2.D. AT 335 PSIG. 

C. OMER TESTING SHALL BE PERFORMED AS REQUIRED BY NOTE 1. 

NO DETRAMENTAL DEFORMATION SHALL RESULT FROM 

SPECIFICATION CONTROL DRAWING 
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I WTESI . - -~ ' I OIILNSIONS NOTED ARE W M I N A L  LOCATIO% ! 
i OWIN0 DETAIL DESIGN 

M Y - W A C T I S I N G  TOLERANCES WILL BE APRIEO 

L I i 1 :  t 1 s I! - W 8 S  2.1.7, 
' .  s I! - W 8 S  2.1.7 
' .  

8-2'118-22 

MCDONNELL VOWQLAS ASTRONAWYlCS COMPANV-ST. I-OIUIS cOPVtS#OW 

8-2'118-22 

MCDONNELL VOWQLAS ASTRONAWYlCS COMPANV-ST. I-OIUIS cOPVtS#OW 
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B . 0 0  

18.60 2o.M) 

SWTH WALL ACCESS t1.w 2l3.50 ' I -  1 '1 
HCLE aU- . I il VIEW A - A  see: 1/10 

ROTATED I70 DEG CCW 

SECT I ON 0 - D  ScALE: 1/10 
RI~T~~TED m OEO cw 

LINE DATA CHART 
I I I I 

- MAN I FOLD DROP INTERFACE 
JACXET FLU10 LINE JACKET WNIFOU) I M N T  INSCRIBED RAD FLUID LINE 
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j. 
7.00 REF 1-17 I .75 REF 

HE S U P R Y -  CMLBQWN LEARANCE 2 R 

HE SLPRY-OPERATION- 
F p m  

mnzs 8 
I .  THIS W A W I ~ ~ G  DEFINES THE CRYOGENIC 

FOR SPECIFICATION 70P370000 
SEE DRAWING 70837MwI FOR DATUM 

ANE DEFINITION. 
3. K RETURN. M N P R Y - O P E R A T I O N .  
M HE KIPPLY-COCLWWN PIPE DESIW 
9(NL ALLOW REMOVAL AT INSTALLATION 
TO FACILITATE WELD OF ATTACHING 
PIPING. 9 STANOARO STOCK TOLERAWES APPLY TO 

L.M FLOW W A L L  BE CW'(T601-LED TO 
UBE SIZES LISTED. 

HEIGHT IN THE MAGNET STACK. 

I .  

LEAD RET 
ELEC. LEM N RENRN 
I/Z W T  2 PL 

2.82 

i I I  

- _. ... - .- . _. 

I A  

1 

8-2718-28 

MCDONNELL DOUGLAS ASTUONAUTICS ~BMPANY-SI. ~ 0 ~ 0 5 3  ~ ~ f w f i s ~ e l t ~  
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