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1.0 INTRODUCTION AND SUM 

This document, 7olume VI1 EBT-P Cryogenic System Title I Design Report, describes the 

system that resulted from the Title 1 Preliminary Design effort. It 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 Cyrogenic System design contained in the ENT-P Baseline Design Data Book 

(BDDB). 

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

0 

e 

ID. A. Bowers - EBT-P Thermodynamics 

M. J. Delaney - EBT-P Strength 

C. E. Fechter - EBT-P Materials 

R. D. Politowski - EWT'-P Design 

T. J. Poteat - EBT-P Cryogenic System ~ a ~ a ~ e ~  

1.1 CRYOGENPC SYSTEM OVERVIEW 

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

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

is supplied to the 36 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 0x11 demand and is controlled by a liquid level gage that is integral with the mirror 

coil dewar assembly. Liquid helium for the gyrotrsn 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 modes of operation. 

Saturated liquid nitrcsge at approximately 80M is supplie to the 36 mirror magnet dewar 

and the 6 gymrotran magnet de ar insulation system shields. The shields for both the mir- 

ror and gyrotron dewars are supplied by a quasi f l 0 ~ d ~ d  system. In addition, liquid nitro- 
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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 operatien. 

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

traps is collected and vented outside the device faeility. 

Low pressure @N2 is supplied to various usage points in the device facility by an LN2 to 

GNz vaporizer on the liquid nitrogen storage dewar. 

The cryogenic system consists of the foollowing major elements: 

Closed Cycle Helium Refrigeratoa./liquefier (Includes Two Compressor Skids and 

Cold Box) 

Liquid Helium Storage Dewar 

Three High Pressure Gaseous Helium Storage Tanks 

Cryogenic Helium P>iseribution 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 Distribution and Vent System 

Cold BQX By-Pass Heat Exchanger 

Gas Purification Subsystem 

Vapor Cooled Lea 

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

ty is shown in Figure 7 .  The functional relationship of the elements is shown in system 

block diagram Figure 2. 
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1.2 OPERATIONAL 

To support the ERT-P device, the cryogenic system must operate in several modes. ‘T’he 

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: 

e Start-up (rtefrigerator/liquefi~~) 

Cooldawn (Loads) 
e 

e Stand-by (No Plasma) 

Warm-up (Loads) 

* Anomaly Response 

Steady-State (Device Operating With Plasma) 

A coniplete description of each of the modes is pmesent,ed in the Design Criteria Section 

3.0 of this report. 

1.3 DESIGN CRITERIA SUMMARY 

The mirrar magnet and gyrotron magnet design. along with the operational mode require- 

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

fo11ows: 

* 
e 

e 

Cool EN2 Shields To ~ 8 0 K  

Maintain LN2 Insulating Shields At Operating Temperature 

Cool Magnets From 300 To 4.2K 

At Controlled Rate 

With He 
Minimum Time 

Fill Magnets With LHe 
e 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 T o  Vapor Cooled Leads 

Maintain Lead Temperature Within Operating Limits 

Recycle all He 

Liyuify He 4'0 Compensate For Vaporization Losses 

Provide GN2 for General Facility Use 

Provide TAN:! To Service Diagnostics 

Warm Shields To Ambient Temperature 

Warm Magnets To Ambient Temperature 

At Controlled Rate 

With GMe 

Mininitlm Time 

Protect Equipment and Personnel 

Continue Lbevice Operation in event of Specific Malfunctions 

Recover Quickly From Malfunctions 

16 €lours Steady-State (Magnets Powered) 

8 Hours Stand-By 

Repeated For 5 Days 

88 Hours Maximum Stand-By 

Four Weeks Shutdown Ea& Yeas FOP Major Maintenance 

Operate In Radiation Environment 

Monitor and Control By One Operator 

1.4 PERFORMA CE SUMMARY 

The perf~rmance characteristics that evolved from the Title I effort are as follows: 

SIZES AND CAPACITIES 

e EN2 Storage x 9086) Gallons Net 

LH, Storage = 17,300 Liters Net (or 504,000 SCF Gas) 

GH, Storage = 150,800 SCF @ 300 Psig 

Piping To Handle Full Flow 

Each Compressor Skid Rated for Stand-By Neat Load +SO% Margin = (195 Qlhr 

4- 1430 W) 

e 
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e Refrigerator/Liquefier Rated For Maximum Heat Load +50% Margin $r 
(280 P/hr + 2000 W) 

RELIABILITY AND REPAIR TIMES 

0 9000 Hour MTBF Typical 

a 16 Hour MTTR Typical 

9 
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2.0 PURPOSE A 

This volume details the EBT-P Cryogenic System Title I design. The cryogenic Systyem Ti- 
tle 1 effort was directed toward establishing a system design that could be implemented by 

a cryogenic system contractor operating under fixed price contract during Title %%.TWO 
major categories of mat,erial resulted 6rom this effort. The first is a procurement spccifiica ~ 

tion that describes the system that will be procurred, and second, ~~~~~~~~ 

system interfaces with the xeniainder OS the device and its facility. 

During the course of the Title I effort a number of trade studies and anal37ses were pre- 

pared to select between design alteriiatives and to support design details, These dare de- 
scribed in Seetion 5.4). 

2.1 T U L E  1 OUTPUT 

The following is a listing of the data prepared during Title I to s ~ ~ ~ ~ ~ t  the design 

~o~~~~~~~ herein. 

* 
s 

a 

a 

s 

a 

e 

e 

e 

8 

EBT-P Block Diagram, Liquid mid Gaseous System, Cryo 

EBT-P Liquid Helium De ar Facility Interface 

EIRT-P Helium Manifolds, Cryo-Pump Systems * 

EWT-P Cold ox Facility Interface 

EBT-8' Gmeous Helium Storage Tank Facility Interface 

~~~~~~~~~ Storage Tank Facility Interface 
anifolds, Cry0 

EBT-P Magnet Interface, C ~ J W  
70B373010 ERT-P Magnet ~ ~ ~ ~ ~ ~ y ~ ~ t ~ ~  Envelopes, Cryo 

* This drawing is now abtsolete a8 a result of the current vacuum pump system 
C Q ~ ~ ~ ~ ~ a t ~ ~ ~  
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= 
70U373013 EB'P-$ Gyrotron Interface 

= 
* 
0 

a '7OP3'73000 Procurement Specification 

708373007 iG3T-P Gaseous Helium Storage 'rank 

70B373014 EBT-P Gyrotron Supply/Return Manifolds, Cryo 

'iUB373Ui5 Ei3T-P GyroLron Supply/Return Envelopes, Cry0 

70B3'13016 EB'lq-P Cryo Subsystems Facility Installation 

70B3'73017 EUT-P Liquid and Gaseous System Schematic 

AMAEY$ES AND TE,ls.DE STUDIES 

Uistribution Line Pressure Losses 

a Tlistribution Tlnermel Losscs 

* Material Compatibility 

Magnet interface Analysis 
* EN2 Dewar Leasc 01 Buy Trade Study 

He Filling and Cooldown 

LN2 Shield Filling and Control 

He Venting 

Gyrotron Co~f igu  ration 

Vapor C ~ o l e d  Lead Flow 

Overall System Heat Losses 

Magnetic Materials vs Field Uniloormity 

R/IJ Operation 
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The design criteria utilized for the cryogenic system was obtained from the following 

sources: 

e 

1) 

* Device Operational Modes 

RFP and ORNL Reference Design 

MDAC Proposal and Title I Activity 

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 DevicelCryogenic 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 

Cryo System Failures 

Device Equipment Failures 

0 Start-up 

* Cool Down 

e Standby 

* Steady State 

0 Standby 

0 Warm-up 

* Anomaly Response 

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

3.1.1 Start-up - A block aliagram of the Shtt-1Jp Mode is shown in Figs-e 3. Following 

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

and back filling with pure dry helium gas, gas from the GMe storage tanks is compressed 

by the compressor skids and is delivered to the cold box. The high pressure gas stream is 

refrigerated in thc cold box and expanded (JT expansion) into the liquid helium storage 

dewar. Cold gas from the storage des~iiar is i.&aariied back through the cold box to redlice 

the temperature of the incoming high pressure stream from the compressors. The stream 

exits thc cold box and is recompressed. L4ftter approximately 12 hours of bootstrap 

coolclown of the system elements, LHe will bcgin to collect in the storage dewar. Six Airco 

number 85 bulk delivery trailer loads of gaseous helium (approximately 500,000 SCF) will 

be required lo fill the 17,300 (1 LHe dewar. 'I'he helium dewar will fill at a rate of approxi- 

mately 700 liters per hour. 

During the start-up mode, othcx operations related to the cryo system may be performed 

or initiated. Tliesc include operation of the !,N2 cooled vacuum piinip traps, cooldown of 

the EN2 insulation shields in the mirror magnet dewars and gyrotron dewars, initial 

cooldown of the mirzor magnet coils and gyrotron coils and delivery of GNz to the various 

use points. It should be noted lhat the system includes no provision to fill the kMe storage 

dewar from a cryogenic tank trailer. 

3.1.2 C O Q ~ ~ O W ~  - A block diagram of the Cooldown Made is shown in Figlire 4. 
Cooldown is applicable t;o the mirror and gyrotrsn magnet coil containers and i s  accom- 

plished in three distinct stcps following system deconiamirnatioxa and cooldown of tlnc dew- 

ar LN2 cooled insillation shields. The three steps are (1) cooldown fri.o~~i ambient tempera- 

ture 300K to approximately 10OK utilizing an auxiliary heat exchanger, (2, casldowri from 

10QM to approximately 10M utilizing cold gas produced by thc R/L and (3) coaldown from 

7 0°K to the operating temperatam o f  4.2'K utilizing liquid he1iunl-r. 

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

mirror coil iimgnct pack. These stresses are re la td  to the temperature differential across 

the magnet pack. The rat:: of cooling is controlled by sc~isors in the magnet pack via the 
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START-UP BLOCK DIAGRAM 
FIGURE 3 

HELIUM 

NITROGEN _I_--I_ 

- I/C ----I 
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I&C system or by 8 

have been identified 

predetermined eooldowir 

for the gyrstron n-aagnet 

dm-hdc. To date, no cooldown limitations 

However, cryogenic system limitations will 

impose certain design requirement R cn the gyrotron magnet dewar. 

System decontamination i s  accomplished by first opening the mirror magnet cooldown 

valve as shos.vn hi kqigure 5 and the. gyrotroll magnet fill valve as shown in bi’igaire 6. The 

mirror magnet and gyrotron magnet coil vessels a id  initereonnectirtg distn ihutiaax piping is 

then evactuated to approxirnakly k x iom2 torr. The v a c c ~ ~ m  is 19roken with pure dry heli- 

um gas. Tlme evacuation-lreli ilxis gas vacwclm fill process is aeysirted until t h e  contamina tiora 

level reaches acceptable levels. 

The system is c~iifig~ired to provide an a h m a t e  decontamination approach in the event 

that the evaaaaliori - helium gas vacuum fill process proves to be unsatisfactory. This ap- 

proach utilizes the gas purification sait~systcu~ to  remove contaminants from the gas stwarn 

RS gas is circulated through the whole system. X)usirag thc initial stw~t-up, warm gas i s  cir- 

culated through the entire system including t’t-nc C O ~ ~ ~ ~ S S O F S ,  gas piaifkatioim subsystem, 

cold box, storage dewar, dislribution system and mirror and gyrotron magr~e ts. 

Contaminants are thus trsppcd in the gas purifieatiou S U I I - P S ~ S ~ ~ M .  

Following decontarmirration and prior to ,alar ting cddown helium flow, i.he mirror maginet 

and gyrotron magnet dewar LN2 inasu8atiom shields me coded by opcning the flow control 

valves. Liquid nit,r.ogen $lows through the shields anid ouL the vent limes thus cooling the 

ields to  approximately 8OK. W-hen EN2 collects in the vent line?, tbe flow control valve i s  

closed by a signal froni the bilewel liquid tmaasdiaee~ via the I&C s y s t e m  ‘][’he control valve 

is cycled to open and close by the I&C system thus maintaining LNz in m e  of the dewar 

shields, 

cooldown step is wecomplialtaed by directing part of the coarnpresser gas 

stream through the auxilliwy laeat exchanger aid the d ixtribiation system. into the cosldown 

valve of the mirror magnet mid the fill ve4ve oE the gyrotran magnet, After the helium flow 

rata is set, LN.;! in introduced into the LAN~ pass of the auxiliary heat exchanger, The XdNz 
flow rate is controlled to reduce the tempeaature 8s rapidly as possible without exceeding 
the mirror magnet temnperature differential limits, When the mirror magnet coil tempera- 
ture reaches approximately l O O K  gas flow throiigh the auxiliary heat exchanger is stoppred 
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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 refrigerate the gas flowing in the loop thus reducing the temperature at  

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

and LHe 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 a t  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 

lOOK with their fill valves closed. 

a. Close the LHe 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 

the 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. 

3.1.3 Steady-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 I&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 fluid delivered to the mirror magnet. 
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GYROTRON MAGNET DEWAR 
INTERFACE SCHEMATIC 

FIGURE 6 
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?'he gyrotron dewars are batch filled each day prior to operation. They are filled through 

the fill valve shown in Figure 6. Signals generated ~ J Y  the P & C System from t,hc respec- 

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

V a p r  resulting from boil-off leaves each mirror and gyrotron magnet dewar via a vent 

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

to the cold box via a return manifold systex. In the cold box, tlic cold vapor stream is uti- 

lized to  reduce the temperature of the inconling stream horn the compressors and then is 

returned t o  compressor suction. 

A secmd path is utilized to cool the mirror tnagncf, vapor cooled leads. Vapor drawn 

through the leads exits as a warm gas. Temperature of the gas is approximately ambient a t  

the outlet of the leads. The flow rate of gas from each lead is controlled by a three posi- 

tion pneumatically operated flow control valve. The valve positions are (I) manually 

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

across the valve to cause sonic flow through the valve seat. Sonic f low across the valve 

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

or temperatasrc: changes in the leads. 

l 'he nominal flow rate is utilized to dissipate the 12R heating generated in each lead when 

the mirror magnets are powered. The flow rate is set 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 I1 to resolve 

these issues. In the event of an over temperature eonidition in a lead, the I&C system de- 

creases the valve operator pressure to fully open the valve. The I&C system monitors t,he 

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

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

Warm gas from the mirror magnet leads is collected in a manifold and returned to taxi- 

pressor suction. 

Liquid nitrogen €or 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 
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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 them it  opens to complete the fill cycle. During Title 11 additional analysis will be re- 

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

selcction will be based on this analysis and recornmeidations from companies that bid on 

the system. Expended nitrogen is collected in a manifold sand dumped into the eaiviron- 

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 

EKe 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, 

The 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 €urther in Title I1 is to stop the 

lead blowers and open a bypass loop around the blowers, Thus the pressure in the magnet 

dewar vent line and the outlet of the vapor cooled leads will he approximately equal. ‘Po 

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

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 lnelium gas stream. Gas tem- 

perature is controlled by cycling the heater “OI-I” a~~d(‘ofT~ under control of the I&C Sys- 

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

However, it may be possible to “folpce warm” one or more magnets 01- gyrotrons and keep 

the remainder below approximately lOOK as follows: 

a. Close the EN2 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 to onset of the 

malfunction unless otherwise stated. 

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

ressure 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 a t  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 detecting 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 

d l  darnpen 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 II Detail Design). 
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Recovery after a magnet quench can be achicved in several ways. Rather than warm-up all 

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

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

temperature of the quenched magnet packs are below 10OK. Arialysis has indicated that 

the magnet pack ternprratxre will not exceed 103K during a quench and that detrii-nental 

thermal stresses may not exist below 100K. 

a. 

b. 

C. 

Verify that the TJHE valves to all magnet and gyrotron dewars are closed. 

Simultaneoiisly start flowing cold GHe  into the bottom fill lime of the quenched 

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

kept low to allow matching of the incoming gas tcmperature to that of the dewar to 

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

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

magnet or capacily c?f the system. 

When the temperature of the quenched magnets equilibrates with that of the unaf- 

fected magnets, all bottom Mi valves are opened and w k d e  system is cooled down 

and filled with liquid. 

A second approach can be utilized to recover from a mirror magnet quench provided ther- 

mal stresses do not inrpose a rcstrictiorn and that sufficient quantities of liquid can be 

forced into the magnet to a%ct cookdown. '!%is approach is applicable t~ recovery from a 

gyrotron magnet quench, 

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

b. Replace all failed b u s t  discs. 

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

quench. 

d. Open the bottom fill valves on all other magnets to begin LHe flow into the dewars. 

Continue ERe flow cm'iil the magnets cool down. 

3.1.6.2 Single Compressor Failure - If the t2evicc 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 the single compressor's capability to handle the ~IOW of 

gas returning from the vapor cooled l e d s  arid cold vapor through the cold box. When the 
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losses (helium vaporization) exceed the compressor's capacity, the magnet and gyrotrsn 

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

the x-ray heating load on the system or gas must be vented to atmosphere. A valve is pro- 
vided to  dump excess helium to atmosphere via the vent line. Operatiaag time is a maxi. 

mum of approximately 100 hours at full power under this condition. T h e  limit is controlled 

by liquid inventory in the LLHe storage dewar a t  onset. 

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

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

3.1.6.3 Failure of Both ~Q~~~~~~~~~ - The plasma can be maintalized b y  venting ke- 

lium to atmosphere. A t  full power the device can operate approximate8y 16 hours max:- 

mum. Liquid helium inventory in the storage dewar a t  onset will estahlish the time. Stand- 

by time is approximately 21 hours maximum before the magnets will begin ta werm-tip. 

3.1.6.4 Cold ax Failure - The immediate result of all cold bo-x. Fdures is the s i ~ p e n  

sion of liquid production. A cold box bypass heat exchanger is provided to warm the coli! 

helium gas return stream prior to entering compressor suction. Thus, return gas can Pc 

pumped back into the GHe storage tanks. The filling of the GMe tanks can continue until 

they are full. If the storage tanks were empty at onset, they would fill in rnppaoxirnately 4.3 
hours at full upgrade power. Provided liquid helium inventory is avaihb1e9 operation can 

continue after the tanks are full by venting helium to ~ ~ ~ o ~ ~ ~ ~ r e .  

or Cooled Lea Blower Paillures - The failure of one lead blower will not 

affect operation of the device. Each of the two lead blowers has the capacity to handla-? Ihe 

lead flow rate for steady-state operation. In the event that both blowers fail, rnagnel powr;:~ 

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

3.2 DUTY CYCLE 

To establish maintenance response times arid system reliability allocations, it was neres. 

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. The weekly duty cycle shall be 16 hours of steady-state 

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

stand-by. In addition, the system shall accommodate $8 hours of stand-by. Four weeks 

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

warmed to ambient temperature during this period. 

3.3 DESIGN CR1TERIA4 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: 

a 

0 

m 

8 

a 

a 

0 

e 

s 

b 

e 

0 

0 

0 

0 

0 

0 

Remove Detrimental Contaminants from Entire System 

Cool Down Cold Box < 12 Hours 

Cool Down LHe Uewar 

Collect, LHe in Dewar 

Cool LN2 Shields to =$OM 
C o d  Magnet From 300 to 4.2K < 7 Days 

- At Controlled Rate 

- With He 

- Minimum 'P'ime 

Fill Magnets With EHe 

Recycle All He 

Maintain Dewar Liquid Level Within Operating Limits 

Maintain Magnet Dewar Temperature Within Operating Limits 

Maintain LN2 Shields a t  Operating Temperature 

Maintain Fluid Flow Through Vapor Cooled Leads 

Maintain IAeacl Temperature Within Operating Limits 

Liquefy EIe to Compensate For Vaporization Losses 

Provide EN2 to Vacuum Pump Traps 

Provide LN2 to Service Diagnostics 

Warm Shields to Ambient Temperature 

Warm Magnets to  Ambient Temperature 

27  

MCDQNNUELL DOUGLAS ASTRONAUTICS COMPANY---ST. L O U S  DlVlSIdaN 



EBT-PO10 
VQlUfTX vi1 

26 February 1982 

- At, Controlled Rate 

- With GHe 

- Minimum Time 

Protect Equipment aid Personnel 
0 

Q Recover Quickly from Malfunctions 
* 

Continue TJevice Operation in the event of Specific Malfunctions 

16 Hours Steady-State (Magnets Powered) 

@ 8 Hours Stand-By 

* Repeated for 5 Days 

Q 88 Hours Stamd-By 
Operate in X-ray Environment 

ASME Boiler and Pressure Vessel Code 

- Section VI11 Division 1 

a ANSI Standard Co 

- E331.1 Power Piping 

€331.3 Chemical Plant and Petroleum Refinery Piping (Applicable to Compressor 

Skids Only) 

$316.5 Steel Pipe Flanges, Flanged Valves, and Fittings 

B36.19 Stainless Steel Pipe 

- Standards 

e Tubular Exchange anufacturers Associations (TEMA) 

International Conference of Building Officials 

Temperatt.ires and Pressures as Predicted For EBT-P System Including Normally 

Expected Excursions 

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

A LN Storage ,725 90 
e LWe Storage '2 1 

Q GMe Storage fis 

ing to Handle Full Flow 
* Each C~i-npressor Skid Rate for Stand-By Heat Load 3- 50% Margin = 195 Qlhr + 

1430 Watts 

RefrigeH.atcsr/kiquefier Rated For Total Heat Load + 50% Margin 

F=: 280 Liters Per Hour + 2000 Watts 

Q 

0 Instrurnente fCJr Monitoring and Control By One Operator 

2% 
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Reliability and Re 
0 9000 Hour MTBF Typical 

0 16 Hour MTTR Typical 

3.3.1 Additional Critierisi - 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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Deviee Element 

Mirror Magnet 

Steady State 
Dewar Losses 

Steady State 
Lead Losses 

Total Steady 
State Losses 

Standby Dewar 
Losses 

Standby Lead 
Losses 

Total Standby 
Consumption 

Cyrotron A 
Operational 
Losses 

Standby 
Losses 

Table I1 Helium Delivery Requirements 

Consumption 
Each Element 

26.811hr (e l9 .0  W) 

5.0 Qlhr 

31.8 Q/hr 

12.7 Q h r  ( ~ 9 . 0  W) 

3.4 Phr 

16.1 Qlhr 

1.2 Qlhr 

1.2 Qlhr 
\ 

Number  Total  Fluid Properties 
of Elements consumption Inlet  Outlet 

36 

964.8 Phr Liquid @ Vapor @ 
4.2M 4.2K 

Gas @ 180.0 Phr Liquid @ 
4.2K 300 

1144.8 P/hr 

456.8 Phr Liquid @ Vapor @ 
4.2K 4.2K 

122.4 Qfhr Liquid @ Gas @ 
4.2K 30QK 

579.2 Pfhr 

7.2 Plhr Liquid @ Vapor (g 
4.2K 4.2K 

7.2 Qfhr Liquid @ Vapor @ 
4.2K 4.2K 

Notes: A Liquid a t  4.2K is saturated liquid in the pressure range of 14.7 k 8.3 PSIA. 

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

A Upgrade Requires 15 Total Gyrotrons. 
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Table 111 Nitrogen Delivery Requirements 

Consumption Number Total m i d  properties A 
Device Element Each Element of Elements Consumption Inlet Outlet 

Mirror Magnet 3 1.5 Ilhr (-66 W) 36 54.0 Q/hr Liquid @ Vapor @ 
80K 80K 

A 
Gyrotron Magnet A 3 0.4 f/hr 

Vacuum Pump 
Trap 

Soft X-Ray 3 f/hr A 
Spectrometer 

6 

6 

1 

2.4 f/hr Liquid @ Vapor @ 
80K 80K 

TBD Liquid @ Vapor @ 
80K 80K 

3 g/hr Liquid @ Vapor @ 
80K 80K 

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

A Cold Box and distribution system consumption is 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 

Totat Volume 

Min. Operating Volume 

Max. Operating Volume 

Table HV Mirror Magnet Characteristics 

Pressure Rating (LHe Dewar) 

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 !I 

25.2 II 

50 psia 

14.7 k 0.3 psia 

50 psia 

230 psi/sec est. max. 

28 psia 

19.0 W (see Table 5 )  

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, 60 HZ 
110 VAC, 14, 60 HZ 

Instrument Air 
-_I___ 

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

Cooling Water -- 

Deniineralized 
Inlet Temperature to Equipment 100°F 
Maximum Temperature Rise Across Equipment 18°F 
Pressure 120 psig Nominal 
Flow Rate TRD 

EBT-PO10 
Vslhlrsee VI! 

26 February 1982 
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4.4) DESIGN DESCRIPTION 

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 lique€y helium to compensate 

for total device losses. Liquid use points include: 

(1st level) 

a Superconducting gyrotron magnets 

Diagnostics 

Vacuum Pump traps 

(2nd level) 

0 Superconducting- mirror magnets 

Diagnostics 

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

on both levels of the device enclosure. 

Cryogenic manifolds on the first level are designed to allow additional drops to acc0mmo- 

date the future upgrade to 15 gyrotrons. 

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

the installation is shown in the drawings liste in Table VI and included in Appendix B. 

~ ........................ 
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McDonmelll Douglas Astronautics Company - St. Louis 
Drawings: 
e 

0 

e 

e 

***, 
e 

e 

a 

0 

m 

*e 

*e 

*e 

e 

4% 

**e 

* 0  

*. 
*e 

*e 

*e 

*?3 

70B373000A ERT-P Block Diagram, Liquid and Gaseous System, Cry0 

70B373001 EBT-P Cold Box Facility Inter€ace 

703373002 EBT-P Liquid Helium Dewar Facility Interface 

708373004 EBT-P Gaseous Helium Storage Tank Facility Interface 

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

703373006 EBT-Y Liquid Nitrogen Storage Tank Facility Interface 

70B373008 EBT-P Magnet Supplybteturn ManXolds, Cryo 

70R373009 EBT-P Magnet Interface, Cryo 

70B373010 EBT-P Magnet Supply/Return Envelopes, Cry0 

7011337301 PA EBT-P Facility Routing Envelopes, Cry0 

70B373007 EBT-It-' Gaseous Helium Storage Tank 

70B373012 EBT-P Liquid Helium Dewar 

70B373013 EBT-P Gyrotron Interface 

70B373014A EB'F-P Gyrotron Supply/Return Manifold 

403373015A EBT-I? Gyrotroii SupplyEeturn Envelopes, Cryo 

70B373016A EBT-P Cryo Subsystems Facility Installation 

70B373017A EBT-P Liquid and Gaseous System Schematic 

70B373019 EBT-P Lead Blower Interface 

70B373020 EBT- P Auxiliary Heat Exchanger 

70B373021 EBT-P Helium Compressor 

70B373022 EBT-P Liquid Nitrogen Dewar 

7013373023 EBT-P Cry0 Supply - Vacuum System 

70B373018 EBT-E' Cold BOX 

*Indicates a drawing that will be forw 

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

system operation. 

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

configuration. 

DRAWING LIST 

TABLE VI 
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0 375-413-001 Device Enclosure 

* 

?OB374001 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. 

Volume Vli 
26 February 1982 

Closed Cycle Helium lCefrrgerator/Eiquefier (Includes Two Compressor Skids and a 

Cold Box) 

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 naaxirnum utilization, flexibility and safety. Redundancy is 

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

included to allow continued device operation in the event of a major refrigerator/liyuifier 

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

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

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

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

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

nent will be generated or updated during Title I1 and controlled by MDAC-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 I1 as 

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

be responsible for: 

0 system optimization/analysis/integration 
detail design 

hardware fabrication 

a instrumentation and control interfaces 

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 changedupdates as the Title 11 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: 

* 
* horizontal tank configuration , 

35 psig design pressure 
* 

designed/fabricated in accordance with ASME Code Section VI11 

.75% boiloff maximum over 24 hours 
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getter vacuum enhancement 

e 

* 
e proven and demonstrated design 

integral joule thompson expansion valve 

one year minimum vacuum integrity 

appropriate safety and maintenance devices 

appropriate instrumentation for I & C 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 helium th 

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 boiloff gas from the dewar can be either 

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

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

the three gaseous helium storage tanks were full). 

Since the output capacity of the two gaseous helium compressors exceeds the flow require- 

ments for mirror magnet cooldown, separate piping is used between the cold box and liq. 
uid helium dewar thus allowing some liquid production during the ~ o o l ~ o w ~  mode. 

Liquid helium is delivered to the use points by head pressure resulting from the elevated 

location of the dewar. This results in a pressure of approximately 1 psi at the mirror coils 

and 2.5 psi at the gyrotrsn magnets. 

Piping and facility interface requirements for the dewar installation will be coordinated 

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 choosen 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: 

0 

0 

0 

All welded construction except at the gyrotron interface 

ASTM A240 304L is the principle material 

Remaining materials, are capable of withstanding 108 raddyear x-ray dose with no 

performance degradation during 10 year life 

Modular pipe spools are utilized to minimize field joints and field erection labor 0 
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Pipes are vacuum 

leak and to insure 

jacket,ed utilizing superinsulation and getters to minimize heat 

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 

Helium vapor formed 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 a i d  at four locations in the mirror magnet 

manifolds. These bleed provisions, comprised of a liquid level sensor and a manual valvc, 

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 continous 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 fiii 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 

manifold. Since tlie first level cold gas-bleed provision remains open, only cool 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 minimizes the line length to the furthest magnet and allows more ger,erous fab- 

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

to valve/valve 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 hi. 
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 for top 

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

interface. 

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

handlinglshipping requirements. All field joints (exeept a t  the gyrotron interface) are weld- 

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

techniques for this all welded pipe system will be donne in Title 11. 

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

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

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

lock as shown in Figure 21. An alternate c ~ n ~ ~ ~ u ~ ~ ~ ~ ~ ~  is shown in Figure 22. 130th tlaese 

options will be analyzed p3bore closely during Title 11, 

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

quench relief provision. Am in-line check valve an 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 i s  vented 

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

if persbnnel are allowed in the torus enclosure when the magnets are powered. The yotemi- 

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 persoz~nel from being in the en- 

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

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

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

During Title I, various techniques were evaluated for collecting and recycling the gas re -  

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

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 300M, therefore single walled pipe is 

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

found to be below the dewar 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 ovexheating. (Lead temperalam 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 II and included i€ required. 

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

additioxial relief is contained in the distribution piping. Quench helium from the gyrotrons 

is also vented within the device enclosure. There is K’IO 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. Drops 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 install/repllace gyrotron 

tubes. 

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

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

and retiirned to the cold box. 
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An extra liquid helium supply drop and bayonet is provided on both the first and secon 

level to service diagnostic devices or other $ u ~ ~ l e ~ e n t a l  equipment. The service drop on 

the first level is operable only during gyrotron batch fill (block valve o 

Piping layout and facility interface requirments will be c o n t ~ ~ l l ~ ~  by the envelope 

drawings listed in Table VI. 

4.4 MIRROR COIL INTERFACE 

Cryogenic helium and nitrogen supply and return drops axe welded at the magnet inter- 

face. Figure 23 and 24 show the general configuration of the magnet interface. Details are 

shown in drawing 70B373009. The liquid helium supply and return pipes can be re 

from the magnet stack to facilitate welding. Clearances for the nitrogen s pply 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. During Title 11, the use o€ 

threaded connections in this application will be studied further before 
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 cool own rand pipes the liq- 

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

uid into the upper end of the mirror coil stack as shown in Figure 25. 

The bottom/top fill approach is a result of cocdldom and v or 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 vdve and the dewar could com- 

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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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 liq- 

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 col- 

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 (4.2K 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 anornologous 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, 1.5 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. 

71 

MCDONNNELL DOUGLAS ASTRONAUTICS COMPANY-ST. LOWS DIVISION 



enic Systems EBI-PO18 

26 February 1982 

2. Controlled cooldown after quench 

0 Replacc: burst disk(s) 

. 
Close off liquid helium service to all mirror coils 

Open bottom fill valve to quenched coils 

Perform required controlled cooldown procedures for quenched magnets until 

they reach the temperature of the unquenched magnets 

Continue cooldown in normal manner 

4.5 GASEOUS I-I-PELl[UM DISTRIBUTION 

'I'tne gaseous helium distribution system is a closed loop system providing helium to the 

auxiliary heat exchanger, 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 normal 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 compressoss 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 exchanges provides low pressure helium, at temperatures from 

3OQK to 100K, to the mirror magnets during cooldown 

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

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

cooldownL 

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, 
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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. 

0 

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 compressor 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 liquifier/refrigerator. 

An auxiliary heat exchanger is used for device cooldown/warm 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. 
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Table VI1 Cooldown Performance Requirements at Each Mirror an Gyrotron Dewar Interface 

Load Temperature Cooldown 
Range K Element 

300-100 Aux. Meat 
Exchanger 

100-10 Cold Box 

10-4.2 Dewar 

300-100 Aux. F-Ieat 
Exchanger 

100-10 Cold Box 

0-4.2 Dewar 

Cold gaseous helium from 

GWe Flow Inlet 
Rate gis Pressure PSIA 

_I._.._ Mirror Magnet 

3.4 25 

2.1 
2.1 
2.1 

25 
25 
25 

1.0 15.7 

Gyrotron Magnet 

0.5 25 

0.3 
0.3 
0.3 

25 
25 
25 

1.0 15.7 

Minimum Inlet 
Temperature "K 

80 

50 
25 
10 

4.2 

80 

50 
25 
10 

4.2 

Inlet-Outlet 
A T  O K  

Maw Min 

220 10 

35 5 
30 5 
20 5 

N/A N/A 

220 10 

35 5 
30 5 
20 5 

NJA NIA 

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 liquifies/re€rigerator. 

UID NITROGEN DISTRIBUTIQ 

The 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 valve/bayonet 

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 i s  split to service both the first (gyrstron) 

and second (mirror magnet) levels. 

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

drops interfacing with the use 

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

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 encl 

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 o mate 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 appro 

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 Q€ 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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NITftOGEN DISTRIBUTION 

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

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

and 32 where it is used for vacuum system repressurization. 

The 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 

7UB375023 for detail information. 

Gaseous nitrogen use rates for the vacuum system will be determined during Title 11. 

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

4.8 REFRIGERATOR/LIQUXFIER 

The refrigerator/liquefier (EVE) 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/I, capacity of 1430 watts and 

195 liters per hour. 

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

um gas for system operation. The cornpressor drivers are 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 othex is 

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

continuous operation without requiring major rnaintenanee. 

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

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

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

skid is shock mounted 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 
0 

0 

0 

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 

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 to the cornpressor will not occur in the 

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

The cornpressors 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. ?‘he compressors are designed for completely independent parallel oper- 

ation. (Actual refrigerator/liquefier 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 at  14.7 f 0.3 p i a ,  the 

compressor 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 VIIL The piping is de- 

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

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

tube sheets to prevent leakage. 

4.8.2 Cold Box - The cold box consists of the heat exchangers 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 ternyera- 

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. 

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

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

capable of withstanding 10,800 temperature cycles from 408K to 4K 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 10-5 torr via the vacuum system 

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

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 froni 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 ais in stagnant dead ended pipe runs dur- 

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

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 flexible 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 9000 hours of continuous operation. The expander design 

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

when subjected to the variations in flow, temperature, and pressure that will be encoun- 

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 an 

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 Subsystem - 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 GMe storage tanks, including impurities in the grade A heli- 

um feed gas. 

Mirror magnetic and gyrotron magnet coil and insulation materials ((2-10, 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. 

84 

MCRONNELL DOWGLAS ASTRO 



Cryogenic Systems EBT-PO10 
Volume VI1 

26 February 1982 

4.9 GYROTRON INTERFACE 

Figures 28 and 29 provides the preliminary configuration a t  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 W E  Model VLS9000 or equivalent as 
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shown in Figure 30. The dewar will be 

PACE costs as described in Section 5.4. 

The net storage capacity is 9 

leased from a commercial gas supplier to reduce 

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 INSTRUMENTATXON AMC CONTROL SYSTE 

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

monitor and control the system during all modes 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/liquef”ier 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 hilevel 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 l o  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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GY ROTROW MGMET INTERFACE 

FIGURE 29 
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LN2 DEWAR 
FIGURE 30 
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NOMENCLATURE 
SYMBOL 
v- 1 
v-2 
v-3 
v-4 
v- 5 
V-6 

V- 7 
V-8 
v-9 
v-10 
v-11 
v-12 

, DESCRIPTION 
VALVE, TOP f lLL 
VALVE, BOlTOM FILL 
VALVE. FULL TRYCOCK 
VALVE, VENT 
VALVE, PRESSURE BUILDING 
VALVE, PRESSURE BUILDING AND 

ECONOMIZER ISOLATION 
VALVE, GAS USE 
VALVE, LIQUID PHASE (HIGH) 
VALVE, GAS PHASE (LOW) 
VALVE, EQUALIZATION 
VALVE, DRAIN 
VALVE, EVACUATION 

SYMBOL 
V-13 
cv- 1 
c v - 2  
R- 1 
R-2 
RV-1 
RV-2 
BD-1 
BD.2 
PB- 1 
u-1 
G- 1 
$1 

DESCRIPTION 
SOLATION VALVE, ECONOMIZER 
CHECK VALVE, FILL 
CHECK VALVE, GAS USE 
REGULATOR. PRESSURE BUILDING 
REGULATOR. ECONOMIZER 
RELIEF VALVE, UNE. 350 P.S.I. 
REUEF VALVE, TANK 
BURST DISC, TANK 
BURST DISC, ANNULAS 
PRESSURE BUILDING COIL 
GAUGE, UQUID L N U  
GAUGE, PRESSURE 
STRAINER 

LN2 DE!!AR SCHEMATIC 
FIGURE 31 

SYMBOL 
c- 1 
c-2 
c-3 
c - 4  
C-5 

C-6 
C-7 
C-0 

c-9 
VP-1 

DESCRlPTlON 
CONNECTlON. 
CONh ECTION. 
CONNECTION 
CONbECTION. 
CONNECTION, 

(CAPPED) 
CONNECTtON 
CONNECTION. 
CONNECTION. 

(CAPPED) 
CONNECTION. 

(CAPPED) 
VAPORIZER 
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A secondary coiitrol center is located in the EW-I? control room as shown in Drawing 

70B378011 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- 

clianical equipment building. The complete system (MDAC I & C and subcontractor 

equipment j provides all coiitrol and monitoring fritictions required to operate the complek 

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

ley PLC-3 Process Controller. ?'he refrigeratoP/liquef~er and cryogenic distribution system 

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

warning, and inaster control are accomplished from the EBT-P Master Control Console 

(MCCj as shown in Drawiiig 70B3780PP. 

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 computer operating control. Annunciation of each shutdown is 

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

con1puter. 

The control console provides visible indications for the valve positions 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 Pefrigekator/liquefier 

are displayed on the c~nt ro l  console and secondary control center with interface capability 

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

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

sential to operation of the helium re€rigerator/liquefer, and dis trribution systems. Analog 

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

control. 

4.12 OPEN DESIGN ISSUES 

A number of design issues remain unresolved at  the conclusion of Title I preliminary de- 

sign. These issues will be addressed and resolved during r M e  II detailed design. The is- 

sues and resolution approaches are summarized in Table VIII. 



cryogenic Systems 

Table VIII. Design Issues and Resdutism 

Issue esolution Approach 

. Mirror Magnet Cooldown 0 Determine sckredtales and instrumentation 
requirements during machine developmealit 
testing. 

8 Mirror Magnet Burst Disc Setting * GDC to rerun analysis. Set pressure to be 
verified during machine dewlopment 
testing. 

* Mirror Magnet Relief Check Valve e MDAC to analyze and further define hard- 
ware implementation. 

0 Mirror Magnet Pool Stability and 0 To be evaluated during machine develop- 
Vent Line Vapor Entrainment ment testing along with implementation of 

fill valve. 

Vent Line Connective Heat 0 MDAC to analyze a d verify results during 
Transfer rnanehine development testing. 

9 LN2 Shield Flow Control 8 MDAC to analyze and compare to true 

during machine development 
flooded system. Selected approach to be 

testing. 

0 Gyrotron Configuration e MDAC to inipose design reeqrsirements 0x1 

supplier(s). 

Distribution System Bleed 8 MDAC to verify requirement and select 
By Pass hardware approach. 

0 Valve Seals AC to monitor CVI tests and obtain life 
cycle data during machine developmen1 
testing . 

Vapor Cooled Lead Flow MDAC to analyze and verify results during 
machine development tes tirig. 

0 R/L Operation- Full Flow vs Turn 0 MDAC and cryogenic subcontractor will 
Down determine during Title T I .  
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Table VIII Design Issues and Resolution Approach (Continued) 

Issue Resolution Approach 

Distribution System Heat Loads e M AC and cryogenic subcontractor will op- 
timize distribution system during Title TI. 

* Valve Motor Magnetic Materials * MDAC will determine effect on field uni- 
formity during Title 11. 
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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 LNe distribution mani- 

fold, which in turn feeds the 36 magnet dewars. At 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 LHe 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 a t  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 L4He quality a t  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 

Q heat leak into LHe 

&!l. LHe mass flow rate 
hf enthalpy of saturated liquid 

h 
hfg heat of vaporization 

enthalpy of LHe flow mixture 
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V 
Z 

g 
gc 

velocity of LHe flow mixture 

elevation relative to datum position 

gravitational acceleration 

gravitational constant 

Slope of the saturated liquid curve on enthalpy-pressure coordinates (%) SAT 
P Static pressure of flow 

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

pear below in Table IX. 

Table IX EMe 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 l/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 % 
a t  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 + V,) = 

0.57 and a mixture flowrate of - 1 Us. 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 f/Hr per magnet less 5 Q/Hr for the 

vapor cooled leads, or 27 Q/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 LNe 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 llQ of stack volume exists to be filled at each of the nine magnet locations by a 

flowrate of about 0.45 Q/s, which is established by the 1.2 psid across the fill line. The se- 

siilt 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 at  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 
summary 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 Heat Loads 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Mirror magnets 
ConductionlRadiation 
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 
5.0 Q/Hr 

684W 1-80 Q/Hr 

1.2 R/Hr 

7.2 Q/Hr - 

3.8W 

285W 
83W 

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 QlHR 
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5.2 MATERIALS I N  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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’ WEAR RINGS 

SEAT SEAL 

CRYOGENIC VALVE ( C V I  V-2070-050-J-S, V-j,070-05O-J-S, V-1060-050-J-S) 
F I G U R E  40 
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Combination Pump Out 

Internal or and Relief Assembly 

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 
Evacuation/Fte- 
lief Valve Cap 

0-Ring In Polyure- 
EvacuationDte- thane 
lief Valve 

Insulation Layer Aluminized 
Mylar 

< 

G-10 GRP Insulation 
Spacers 

Getter Material 5A 
Modecular 
sieve 
material 

Insulation Layer Dexstar 
Paper 

Useful Life Change Recommended Replacement 
Under Radiation Yes NQ Rationale Candidates 

107 RADS 

109 RADS 

107 

lo9 RADS 

>lo9 RADS 

> 109 RADS 

X 

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

Material should last Not required 
life of EBT-P 

X 

Function of insula- Aluminized 
tion critical to sys- Kapton 
tem performance 

Material should last Not required 
life of EBT-P 

X 

X Material should last Not required 
life of ERT-P 

X Material should last Not required 
life of EBT-P 

Table XI1 Material Compatibility Survey Cryogenic Valves CVI V-2070-050-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 important 
part of the valve. 
Failure will cause 
leakage 

Failure will cause Polyuethane 
leakage 

Seat Seal KEL-F (Flu- 107 RADS X A 
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. 
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Table XI11 Material Compatibility Survey Cryogenic Valve/Bperator (NUPRO SS-8BG-STE-93MO) 

Useful Life Change Recommended Replacement 
Park Material Under Radiation Yes NO Rationale Candidates 

0-Rings in Viton 
Operator 

107 X A Failure of O-ring Polyurethane 
would cause erratic 
opeator function 

A Periodic replacement may make a change unnecessary. 

Table XIV Material Corn atibility Survey ~ ~ ~ u ~ a t ~ ~  Operator (CVI 88-072-010831) 

Useful Life Change ~ ~ c ~ ~ ~ ~ ~ ~ e ~  ~ e ~ ~ ~ c e ~ e ~ t  
Part Material Under R a ~ ~ ~ ~ ~ ~ ~  Yes NO Rationale Candidates 

Stem Boot Neoprene 107 

Adapter Nut Red fiber Unknown 
Gasket 

0-Rings Buna-N lo7 RADS X A 
Piston Gasket Nylon lo7 RADS X A 

X Boost 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 
operatar. 

Operator leakage is Polyurethane 
unacceptable. polyimide eth- 

ylene propylene 

Operator leakage i s  Polyurethane, 
unacceptable. polyimide, eth- 

ylene propylene 

Plug Vent Pastic IJnknown 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: 

Magnet quench and pressure relief 

Magnet cooldown and filling 

Vapor cooled lead temperature control 0 

The analysis of each of these areas is discussed in subsequent paragraphs. 

5.3.1 Magnet Quench 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. T e central issue at  the beginning 

of Title I was the quantity of heating energy deposited in the helium inside the dewar and 

the rate a t  which it would be deposited. If both the quantity and rate were low, a 

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 of 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 p i a  

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: 

0 

0 Top Fill 

Bottom Fill 
0 

Separate Top and Bottom Fill 

Comhination 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: 

* Advantages 

Good Cooldown Path 

No Vapor Impingement On Coil Pack 
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SEPARATE TOP AI4D BOTTOM FILL 

FIGURE 44 
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Disadvantages 

More Complex Hardware 

Higher Magnet Heat Leak 

Higher Distribution Losses 

5.3.22 Top 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: 

* 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 

* Disadvantages 

Vapor impinges on Coil Pack 

5.3.2.4 Combination Top and Bottom Fill - 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 Gooldown 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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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 EN2 DEWAR ACQUI$ITION TRADE STUDY 

The proposed LN2 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 I  establishes the ~ i n i ~ u ~  

performance, design, fabrication, del ivery, i n s t a l l  a t i o n  and acceptance t e s t  
requirements for a cryogenic system t h a t  is p a r t  of the Elmo Bumpy Torus 
Proof of Pri nci pl  e device (EBT-P 1. 

1.1 COMPLIANCE - The delivered and installed equipment shall comply w i t h  

this Specification and subtier documents i n  every detail or Seller s h a l l  

rework i t  to achieve compliance a t  no cost t o  GjlDAC-STL or MB 
customers. 

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 Subcantrac- 
tor Data Requirements Package. These drawings and specifications shall 
provide sufficient detail t o  allow MDAC t o  evaluate c liance w i t h  th is  
specification. 
system prepared by the Seller. 

t o  allow MDAC t o  evaluate the p ~ r ~ o r m a ~ c ~  and re l iab i l i ty  of the system. 
A l l  Seller drawings sha l l  be coordinated w f t h  MDAC interface drawings that 
are a part of thls specification. Any repair procedures that become neces- 
sary shall be reported to MDAC an 
appl i cab1 e repai r procedures. 

The design shall be supported by a complete analysis o f  the 
The analysis shall ~ o n t a j ~  sufficient detail 

ply w i t h  ASNE, A 

Additional Seller engineering responsibil i t i e s  are set  forth i n  the Subcon- 

tractor Statement of  Work (SSOW). 

2.0 APPLICABLE DOCUMENTS - The documents including revisions, amendments, 

change notices, changes, and supplements o f  issue f n  effect on 1 July 1981, 

or when otherwise indicated i n  2.6, form a part of this specification to the 
extent specified. When so referenced, ful l  t i t l e s ,  revision l e t t e r s ,  and 
dates o f  issue are omitted for brevity of reference and the short form ref- 
erence sha l l  be understood to be the specific issue identified i n  2.6. 
Where paragraph numbers are given without reference t o  another document, i t  

shall be understood t h a t  the referenced paragraphs are of this  
speci f i ca t  ion. 
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2.1 SUPERSEDENCE - 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 ( P O ) 9  the  S e l l e r  sha l l  no t  use the 
l a t e r  issue w i thout  p r i o r  w r 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 n g ,  the f o l l o  i 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 a l l  documents invoked herein. 

2.3 UNCERTAIN PRECEDENCE - Where 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 techn ica l  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 o f  t h i s  s p e c i f i c a t i o n  or  

any o ther  document a re  referenced herein, i t  s h a l l  be understood t h a t  a l l  
subparagraphs o f  the referenced paragraphs are appl i c a b l e  unless otherwi se 
noted e 

2.5 WAIVERS - S e l l e r  i s  encouraged t o  submit recommendations a t  any t ime 
for 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  o f  economy w i thou t  s a c r i f i c e  of 
performance. A l l  waivers must be approved by MDAC-STL, p r i o r  t o  
incorpora t ion .  

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". 

American Nat ional  Standards I n s t i t u t e  (ANSI )  

o 831.1 Power P ip ing  
o 831.3 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 B36.19 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, Spec i f i ca t i on  f o r  Welded and Seamless Pipe 
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  Stain- 

o A36, Spec i f i ca t i ons  fo r  S t ruc ture  Steel  
o A240, Heat Resi s t i  ng C h r m i  um and Chromi urn-Nickel Stain1 ess 

Steel Plate,  Sheet, and S t r i p  f o r  Fusion Melded 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, Thermodynainic Proper t ies  o f  Ni t rogen 

COmDreSSed Gas Associat ion (CGA) 
o Handbook o f  Compressed Gases 
o Safety R e l i e f  Device Standards, Pamphlet S-1  Par ts  2 and 3 

Manufacturers Standard izat ion Society of the Valve and F i t t i n g s  
Indus t r y  (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 i  ng 

o ES5, Standard Pract ice,  Cleaning Fabr icated P ip ing  
o €511, Recommended Prac t ice  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. 

Pipe Fabr ica t ion  I n s t i t u t e  (PFI) 

Tubular Exchanger Manufacturer Associat ion (TEMA) 
o Standards 

Inst rumentat ion Society o f  America (ISA) 
o I S A  - S5.1 1973, Standard,Instrumentation Symbols and 

I d e n t i f i c a t i o n  
Uni 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 E l  ectrieal  Manufacturers Association (NEMA)  --_--- 
o NEMA Standards for  Electrical Control 

American Ins t i tu te  o f  E7ectrPl'cal and E l  e c t r o n i c s  Engineers ( I E E E )  

Tennessee State and Local Building and Safety Codes Uniform Building Code 

- -.-- 1-- 

Q Standards 

- 
o Seismic Zone Number 2 

Federal Standards 

Federal Standard No. 59% Colors 

McDonnel1 Doug1 as Astronautics Company - St. L o u i s  
---___1_ I__p_D 

Brawi ngs: 
***o 708373000 Rev A EBP-P Block Diagram, Liqu id  and Gaseous System, 

cryo 

o 7QB373001 EBP-P Cold Box Facil i t y  Interface 

o 706373002 EBG-P L i q u i d  Helium ewar Faci l i ty  Interface 

o 70f3373QQ.d EBT-P Gaseous Heliu Storage Tank Faci l i ty  Interface 

o 708373005 EBT-P Helium ani  Fol ds, Crys-Pump Systems 

o 703373006 EBT-P L i q u i d  Nitrogen Stora e Tank Faci l i ty  Interface 

***o 70B373088 EBP-P Magnet Supply/Return Manifolds, Cry0 

0 70B373009 EBT-P Magnet Hnterfa~e, Gryo 
***o 705373010 EBP-P Magnet S ~ p p l y / R e t  %.n Envelopes, cryo 

***o 708373011 Rev A EBT-P Faci l i ty  Rout ing  Envelopes, Cry0 

o 703373007 EBT-P Gaseous Heli Storage Tank 

*O 

0 

***o 
**no 

0 

*** *Qo 

"0  

"0 

"0 

708373012 EBT-P L i q u i d  Ne1 ium De 
70B3730P3 EBT-P Gyrotron Interface 

70B373614 Rev A EBT-P Gyrotran Supply/Return Mani fsl  d 

708373015 Rev A EBT-P G J T Q W Q ~  Supply/Return Ewe1 opes, Cry0 

70B373Qf6 Rev A EBT-P Cry0 Subytems Faci l i ty  Instal la t ion 

70B3930l.7 Rev A EBP-P L iqu id  and Gaseous Syst 

7083730119 EBT-P bead Blower Interface 

705373020 EBT-P Auxill iary Meat Exchanger 

70B373818 EST-P Cold BOX 

"Indicates a drawing that  will be forwarded upan completion. 
**This drawing is  conceptual and as such does n o t  include a l l  csmp~nents 

necessary f o r  sys t  

as described herein. 
***This drawing does n o t  ref1 e c t  the current vacuum pump system s-equi rements 
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*o  706373021 EBT-P He1 i urn Compressor 

*Q 

Q 

Q 

o 

70B373022 EBT-P L i q u i d  N1 t rogen 

708374001 EBT-P Device Enclosure Eat19'1 ding 

4975-502-1 02 Device Enclosure .~ Ctructural 

4975-502-1 01 P I  an-Pest Center Mechanical Eairiliment B u i l d i n g  

o 4976-375-413 Sections and  Elevat-r'ons - Test Center 

Mater.8' a1 
o rmE-6-20-1 su pl  i e r  Packaging Instvuctions for H 

EWAL - The cryogenic sys te  

requirements o f  t h i s  speci Tication. 

3.1.1 
device wi th  a 4.5 meter major rad ius  and 36 sectors. 
o f  a s M ~ @ r c o ~ d ~ ~ t i n ~  ~ a g ~ ~ t  ( % r r o r  c o i l )  and 
sta te  EBT-P plasma is  cqntatned by the 

mirror coi ls .  

Item Definition - EBT-P i s  an experf 
Each sectcar consists 

prop cavity. The steady- 

rsetlc f ie ld  generated by the 36 

Each mirror coil  consists  s f  a l i q u i d  h e l i u  cooled (pool boiling) 

enclosed i n  a stal 'nless steel  case. Power i s  suppl ied t o  the c o i l s  
froin a high current dc power supply thsoha or-cool ed 1 ea&. 

a ~ @ a t ~ n g  is provs'ded i n  p rt by the injectf'on of microwave 
28, 68, and 9 i n t o  the toroidal vessel from the rotron power sup- 
plies, The 60 
ing) s u ~ ~ r c ~ n d M ~ t i n g  coil s. ~ ~ a ~ i n ~  388333011 shows the location o f  the 
cryogenic syst ents instal led i n  the Facil j t y  t h a t  

will be located i n  the Val 1 

Sel ler shall  be ~ e s p o  s i b l e  far  i n s t a l l i n  
708373011. MD C w f l l  provide maunting pa 
skids, LHe storage dewar9 nitrogen dewar, GHe storage tanks, auxiliary heat 

exchanger, lead blowers and bypass heat exchanger. 

90 GNz g y r O ~ r o ~ s  contain l i q u i d  hePim cooled (pool boil-  

Industrial Park,  Oak Ridge, Tennessee. The 
as shown i n  draw3 

In addition, mounting 
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pads will be provided for the gas purification subsystem i f  i t  i s  not part  

of the cold box. 

3.1.2 Cryogenic System Description - The cryogenic system stores ,  supplies, 

dis t r ibutes  and controls helium and nitrogen required for device opera- 

t i o n .  Liqu id  and gaseous helium is  supplied t o  the device i n  a closed 

loop. blitrogen l i q u i d  and gas i s  supplied t o  the device in an open loop. 

The cryogenic system is an integral part  o f  the EBT-P device. 

include b u t  not be limited to the following major elements: 

I t  shall 

a. 

b. 
6. 

d. 

e. 

f. 
9. 
h. 
i .  

j. 
k. 
1. 

m. 

Closed Cycle He1 i u m  Refrigerator/Liquefier (Includes 

Skids and Cold Box) 
Liquid  He1 ium Storage Dewar 
Three High Pressure Gaseous Hel i u m  Storage Tanks (#DAC suppl ied) 

Cryogenic Hel i urn Distribution System 

Gaseous He1 i u m  Distribution System 

L i q u i d  N i  trogen Storage Dewar (MDAC Suppl i ed) 

Liquid  Nitrogen Distribution System 

Auxi 1 i ary Heat Exchanger for Cool down and Warm-up 

Instrumentation and Control System 

Gaseous Nitrogen Distribution and Vent System 

Vapor Cooled Lead Blowers 

Cold Gas By-Pass Heat Exchanger 

Gas Purification Subsystem 

The helium element is  a closed loop system t h a t  provides saturated l iquid 

(approximately 4.2'K) to  the mirror and gyrotrot? superconducting coil 

dewars. 

refr igerator / l iquefier  for reliquefaction. The system i s  designed t o  

recover a1 1 he1 i u m  gas d u r i n g  nor 1 modes o f  operation. 

Gaseous helium a t  approximately 300°K and 4.2'K is returned to the 

The l i q u i d  nitrogen element is  an open loop system tha t  vents waste GN2 

outside the torus building. 

auxiliary heat exchanger, cold box, gas purification subsystem ( i f  separate 

Saturated l i q u i d  nitrogen i s  supplied t o  the 
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from the co ld  box), d iagnost 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 
gyrot ron magnet dewars. 

A cryogenic system block diagram and schematic are shown i n  drawings 
70B373000 and 706373017, respect ive ly .  The Se l le rs  equipment s h a l l  be com- 
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 ti vel  y . 

A block diagram o f  the vacuum pump LN2 t raps  

3.1.3 
Device and i t s  f a c i l i t y .  Drawings descr ib ing the system in te r face  requi re-  
ments w i l l  be prepared and con t ro l l ed  by MDAC and incorporated by reference 
i n t o  t h i s  spec i f i ca t ion .  A l i s t i n g  o f  appl icable i n te r face  drawings i s  
shown i n  Section 2.6. Figures 1, 2 and 10 show the system funct ional  i n t e r -  
faces w i th  the m i r r o r  magnets, gyrot ron magnets and vacuum pump traps, 
respect ive ly .  U t i l i t y  i n te r faces  are spec i f ied  i n  Table V. The S e l l e r  
sha l l  prepare de ta i l ed  drawings showing cryogenic system i n t e r f a c e  
requi  rements. 

I n te r face  D e f i n i t i o n  - The cryogenic system sha l l  mate w i th  the EBT-P 

3.1.4 Physical Requirements - The cryogenic system sha 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  section. 

3.1.4.1 General Requirements 
a. The system sha l l  mate with a l l  device and f a c i l i t y  i n te r faces  as 

def ined by the drawings denoted i n  Section 2.6 and sha l l  operate 
from the u t i l i t i e s  shown i n  Table V. The S e l l e r  sha l l  spec i fy  i n  
h i s  proposal e l e c t r i c a l  power, instrument a i r  and demineralized 
water requirements f o r  each element of the System. 
sha l l  spec i fy  a l l  TBS ( t o  be spec i f ied)  var iab les t h a t  appear i n  
t h i s  procurement spec i f i ca t ion .  
the Se l l e r  sha l l  prepare and submit f o r  MDAC approval drawings 
showing the l o c a t i o n  o f  p ipe hangers and other  de ta i l ed  fac t1  i ty  
i n t e r f a c e  requirements. These drawings sha l l  be compatdble w i th  
the f a c i l i t y  data suppl ied by MDAC. 

I n  addi t ion,  he 

During the de ta i l ed  design phase, 



SP ECI F l C A l l O N  NO. 70P373000 
F S C M  NO. 76301 
DATE 24 November 1981 

PAGE 8 OF G1 

b -  The system shall be designed such t h d t  -it may be monitored and 
controlled by one person during a f l  inodes of operation except as 

noted. Cryogenic system ava i lab i l i ty ,  re1 iabi l  i t y  and maintain- 

a b i l i t y  sha l l  be primary design c r i t e r i a .  

Any subsystem t h a t  contains moving parts shall be designed to pro- 

vide fa i lure  f r e e  operation f o r  a m i n i m u m  o f  9000 hours o f  operat- 

i n g  time or the Seller shall replace the defective components a t  no 
cost  t o  MDAC. Any component o f  the sysrtem involving no moving 

parts shall be designed to  be maintenance and fa i lure  free for a t  

l e a s t  one year of o p e r a t i o n  o r  the Sel ler  will replace the corn- 

ponent a t  no cost to MDAC. 
ments apply to  the e n t i r e  cryogenic system unless superceded by 

graph for  a specific subsystem. 

mize f i e l d  erection e f for t .  Pipe spools shall be fabricated t o  

confom tQ MDAC drawings and shall minimize f i e l d  Joints ,  

o f  individual spools t h a t  ins ta l l  i n  the torus enclosure shall not 

be larger than an envelope ineasuring 20 fee t  10n by 17 fee t  h i g h  

by 1.75 f e e t  deep. This  s i t e  i s  a resu l t  o f  enclosure entrance 

r e s t r i c t i o n s .  
A11 working media connections ige i th in  the vackaed -jacketed col d box 

shall be welded. No mechanical j o i n t s  or brazing shall  be used. 

B i  Braze j o i n t s  (or equivalent) shall be used. for the joining s f  
d i  ssini 1 a r  metal s and shall  be wel ded t o  adjacent p i  p i  ng . 
wise specifically stated. 

and Safety Codes Uniform Buildin Code-Sei smic Zone ~~~~~~ 2 

t a i  ned i n  accordance j t h  procedures establ i shed by the Sell er. 
The Sel ler  shall provide a l i s t  o f  scheduled, maintenance tasks t h a t  

are necessary t o  mafntain the system i n  satisfactory oper-ating 

condition. 
the time al lot ted i n  the duty cycle. 

c. 

These subsyst design 1 i f e  requ$rc- 

design l i f e  requirements stated i n  the performance para- 

d. The sys tm shall be fabricated i n  modular packages t h a t  

The s i z e  

e. 

f.  All cryogenic l ines  w i t h i n  the system shall be welded unless other- 

g. The system shall comply i t h  the  Tennessee Staple and Local B u i l d i n g  

h. The system shall have a useful l i f e  of 10 years miniiiium 

i .  

These maintenance tasks shall be acco pl  i shed wi t h i n  

See paragraph 3.2.2, 



j. 

k. 

1. 

m. 

n. 

0, 

P e  

4. 

r. 
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The --.,,er shall provide a l i s t  o f  r e m  mended spare parts neces- 
sary to  maintain the system. 

performance while subjected to environ erateere limits o f  
-28°F t~ 138°F and a re la t ive hu om 20% t o  180% of 
saturation including rain and sr"\ow. Th ents located under 

eaats located out-of-doors shall  maintain speri f i e d  

t a i n  specified perfomance while subjecte 
rattire limits of 140°F t o  13Q°F and a re la t ive  

anents 1 oeated i n  the %orus enclosure shall be 

an x-ray dose of 2 x 107 rac-~s/year average 

stated i n  Air 
f a r  10 years while 

The system shall meet the audible  noise re  
Force Regulation WR-161-35 ~a~~~~~~~ Mois 
The system shall con t o  the standavds o f  the U.S. Depar 

Chapter 0552, Fire Protection. 
No single f a i l u r e  o r  Q C C U ~ W X  shall r e s u l t  i n  an unacceptable 

Cryogenic c i r c u i t s  t h a t  can be i so la te  and b l ~ k e d  Shall be  PO- 
vided w i t h  a pressure relief valve. These valves shall  be sited i n  

accordance wi th  the standards a f  the  Co pressed GiaS Association 

dards. 
F a l l u ~ e  i n  the event o f  a fire around the e ~ u ~ ~ ~ ~ ~ ~ t  and loss  of 

be designed IS prec l  ent damage or f a i l u r e  or  hazzard t o  

personnel i n  the even er or instrument a i r  fa i lure ,  
A manually ~ ~ e ~ a ~ e ~  w ayoraet wi pp l  e arrangement shall  be 
ins ta l led  i n  bo th  the l i q u i d  h ~ ~ i ~ ~  and l i q u i d  nitrogen dis t r ibu-  
t ion systems on both f l o o r s  o f  the torus r o m .  These w l l l  be used 
t o  draw off l i q u i d  f o r  use i n  the ~ x ~ ~ ~ ~ ~ e ~ t a l  diagnostic devices" 
All dis t r ibut ion p i p i n  shall  be cleaned i n  accordance w i t h  P ipe  

Fabrication Insti tute P F 3 )  document ES5 or other MD 
speci f ication prior t o  instal  1 ation. 

inuing to operate a t  rated perfo 

ERDW manual C er 0550, Occupational Safety Sta 

ressed Gases and Safety Relief Device Sean- 
Relief devices shall be sized to  protect the system from 

I) Furthermore, the system and i t s  ~ ~ r n ~ ~ ~ ~ n ~ ~  shall 
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s. 

e. 

U. 

V .  

W. 

X. 

3.1.4.2 
a. 
b. 

C. 

d. 

External  leakage o f  p i p i n g  j o i n t s  s h a l l  n o t  exceed 1 x lo-'* 
scc/ second o f  he1 i urn hen tes ted  per ANSI ,  ASME o r  S e l l e r  s p e c i f i -  
c a t i o n  as approved by MOAC. 
A1 1 pressure vessels s h a l l  be designed, fabr ica ted ,  inspected, 
tes ted  and stamped i n  accordance w i t h  Sect ion V I I I ,  D i v i s i o n  1 o f  
the  ASME B o i l e r  and Pressure Vessel Code unless otherwise 
spec i f ied .  
A l l  p i p i n g  s h a l l  be designed, fabr ica ted ,  inspected and t e s t e d  i n  
accordance w i t h  ANSI  B31.1 unless otherwise spec i f ied .  
(10%) o f  the welds o f  the process p i p i n g  se lected a t  random s h a l l  
be 100% r a d i o g r a p h i c a l l y  inspected. 
A l l  va lvesg f i t t i n g s ,  f langes, connections etc .  subjected t o  sub- 
atmospheric pressure s h a l l  be designed and f a b r i c a t e d  u t i 1  i z i n g  
h igh vacuum techno1 ogy 

A l l  heat exchanges s h a l l  be designed, f a b r i c a t e d  and t e s t e d  i n  
accordance w i t h  TEMA and ASME Standards and Spec i f i ca t ions .  Tubes 
o f  tube and s h e l l  heat exchangers s h a l l  be welded to the tube sheet 
t o  Porn a leak t i g h t  seal between the tube end and the tube sheet. 
I s o l a t i o n  values, switches, e tc .  and t e s t  p o i n t s  s h a l l  be prov ided 
t o  permi t  equipment checkout and t o  a i d  i n  i s o l a t i o n  o f  
mal funct ions.  

Ten percent  

Mater ia l  Requirements 
A l l  equfpment l o c a t e d  o u t  o f  doors s h a l l  be weather proofed. 
External  carbon s tee l  equipment surfaces s h a l l  be sandblasted and 
rece ive  one coat  o f  waterproof pr imer  and one 2 m i l  coa t  o f  epoxy 
p a i n t  o f  a l i g h t  tan number 13711 per FED-STD-595 co lo r ,  
s t e e l  surfaces s h a l l  n o t  be painted. 
A l l  m a t e r i a l s  i n s t a l l e d  w f t h i n  the t o r u s  enclosure as defined i n  
708373011 s h a l l  be non-magnetic except f o r  var ious p a r t s  i n  the 
va lve operators.  
ASTM A240 304L s t a i n l e s s  s t e e l  s h a l l  be the  p r i n c i p l e  mater ia l  
u t i l i z e d  f o r  the f a b r i c a t i o n  o f  l i n e s  and components i n  contac 
w i  t h  he1 i um and n i t rogen.  

S ta in less  
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e. A S M  A36 carbon steel shall be utilized for a l l  structural fabrica- 

f .  Pressure vessel material shall conform to ASTM specifications as 

t i o n  outside o f  the torus area. 

identified i n  the ASME Boiler and Pressure Vessel Code, Section 
VIII, Division 1 "Pressure Vessels." 

g. P i p i n g  materials shall conforin t o  ASTM specifications as identified 

i n  ANSI  631.1 Power P i p i n g  except for those l ines on the compressor 
skid which shal l  conform t o  ANSI 831.3 Chemical Plant and Petroleum 
Refinery P i p i n g .  P i p i n g  materials shall also conform to A N S I  
836.19, ASTM A53 and ASTM A312 material specificatio 

dance w i t h  ANSI B31.1 and B31.3 previously mentioned. 

made us ing  data from the National Bureau of Standards NES Technical 
Note 631 Thermodynamic Properties of Helium and NBS Technical Note 
629A Thermodynamic Properties of Nitrogen. 

i .  All flange and flange-fitting materials shall conform t o  the stan- 

dards of ANSI 816.5 Steel Pipe Flanges and Flanged F i t t i n g s .  

j. A l l  materials sha l l  be compatible w i t h  the f l u i d s  and materials 
t h a t  they contact during operation. Galvanic effects sha l l  be 
considered i nthe selection of materials. 

h. All thermal calculations concerning helium or nitrogen shall be 

3.2 CHARACTERISTICS 

3.2.1 Functional Characteristics - The cryogenic system shall perform the 

following functions w i t h i n  the performance 1 imits specified herein. 
f i c  helium and nitrogen delivery requirements of each o f  the loads are given 
i n  Tables I and 11. 

Speci- 

3.2.1.1 Operational Modes - The cryogenic system shall function t o  provide 
the following modes of operation. 
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Mode 
o Start-up (l iquefaction) 

o Caaldown (loads) 

o Steady-State 

0 Stand-by 
o Warm-up (loads) 

o Magnet Quench o r  Insulation Loss 

o Post Equipment Failure 

3.2.1.1.1 

s tar t -up of the Refrlggkator/Liquefier. 

indicate s t a r t - u p  readiness upon power appl icat ioa.  

s t a r t -up  procedures and w i t h i n  12 hours of beginning, the l iquef ie r /  

refr igerator  shall begin t o  f i l l  the he1 iaa dewar w i t h  l i q u i d  a t  i t s  r a t ed  

capacity. See paragraph 3.2.2.1(23. Gas f o r  liquefaction shall be supplied 

from the three MDAC supplied helium gas storage tanks. LN2 for system 

a t i o n  including the vacuum pump LM2 traps shall  be supplied frm the M5AC 
supplied storage dewar. 

Start-Up Mode - The System shall provide for 12 hour maximum 

Instrumentation displays shall 

Af ter  completion o f  the 

3.2.1.1.2 Cool-Down Mode - P r i o r  t o  s ta r t ing  helium flow the magnet and 

gyrotron dewar bN2 shield cooldown shall  be accomplished by opening the flow 

control valves t o  cause LN2 t o  f l o  

LN2 storage dewar. 

d ~ w ~ ~  shield N2 vent l ines .  The Sel ler  shall provide the LN2 shield control 

valves (See Table VI) and bi-level ( l iqu id  nitrogen sensor) LN2 transducers 

provide a pneumatic control signal to  the valves.  

into the dist r ibut ion system from the 

Flow shall continue u n t i l  LNz s t a r t s  t o  flow i n  the 

i n  Fl’gures 1 and 2. MDAC i l l  process the  transducer output and 

Followjng evacuation and breaking t he  vacuum W t h  helium t h e  system sha l l  

cool the ieirror magnet and gyrotron magnet dewars and a l l  interconnecting 

p i p i n g  from roo temperature t o  the operating temperature o f  approximately 
4.2’K. The mirror magnets shall be cooled 

through the magnet cool-dawn l ine (see Figure 1). 
cooled and batch f i l l e d  thi-ough the dewar f i l l  l i n e  (see Figure 2 )  a s  

See Table I V  fo r  detai ls .  

The gyrotrans shall be 
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described i n  the Stand-by Mode Section. P eumatic contr‘ signals f o r  mir- 

ror magnet cool dow valve operation will be provided by DAC. The Seller 

sha l l  provide the valves as ~~~~~~~ i n  Table VI. 

Helium gas sha l l  be u t i l i z e d  t o  t r a n s f e r  heat froin the 
duri  ng cool -do n .  
w i t h  LN2 as the i n i t i a l  source o f  r e f r i g e r a t i o n ,  

sors sha l l  circulate the hel ium gas. A flow control valve shall  be provided 

t o  meter the @He flow r a t e  derrin n. Pit the start o f  the c ~ ~ l - ~ o w ~  
operation, GHe shall circulate frm the refrigerator csmpressors through the 
aux i l i a ry  heat e x ~ ~ ~ n ~ ~ ~  and t o  the agnets via the ~~~~~~~i~ We 
bution System. During the i n i t i a l  casldswn phdse, wa 
magnet vent lines; sha l l  bypass the cold  box a 
v i a  the return pass o f  the aux i l i a ry  heat ~ x ~ ~ ~ ~ ~ ~ ~ ~ a  a 

will drop i n  t shall be passed th~uugh 
heat  exchanger i n  t h e  cold box t o  be heated by tire high pressure o u t p u t  a f  

the compresso~s. A L control valve a’nstalle e auxi l iaPy heat 
exchanger shall be u t i l i z e d  to control the  tern 
stream relative to the return gas ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ .  
na t ic  s i g n a l s  for control o f  the valve, Mhen t 

i l l  be provide by the ~ ~ ~ ~ ~ ~ ~ r ~ t ~ } o ~ l  i 

I ~ P W  magnet dewars 

I t  shall be used i n  a forced ~ o n ~ ~ ~ t i ~ ~  c i r c u l a t i o n  loop 
The refrigerator co 

exchanger. As the cool -down P~CPCQ?SS Continues, W ~ U P  

reached the LHe s torage  ewar valve s h a l l  open 
saturation t e ~ ~ ~ ~ ~ ~ u ~ ~ .  

agnet; dewars 19 ve been cooled down and i n i t i a l l y  f i l l e d ,  

the system sha l l  supply l i q u i d  t o  the mirror ~ ~ g ~ ~ t  dewars through the 

topp ing  wal ves to mi ntaO n the i n  the ~ ~ ~ ~ ~ y ~ S ~ ~ ~ ~  Ms e or Stand-by Mo 

3.2e51.1.3 S h a l l  Sbnggly L k k  fF* 
s torage  dewar t o  the mirror m 
shall provide h e l i u m  t o  maintain the l i q u i d  level i n  the m-s’rro~ snagnet 
dewars v i a  the topping f i l l  lines as spec i f i ed  i n  Table I (see Figure 1). 

Pneumatic control s i g n a l s  for operation of the S e l l e r  suppl ied valves will 

he d i s t r i b u t i o n  system, The syste 
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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 descr ibed below. 
magnet and gyro t ron  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  r e l i q u e f a c t i o n .  Some o f  the b a i l o f f  hel ium s h a l l  be vented as warm 
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 
re tu rned t o  co pressor suc t ion  v i a  the l e a d  blowers. 
l i q u e f i e r  s h a l l  produce l i q u i d  from the r e t u r n  gas streams t o  compensate f o r  

heat  l o a d  losses i n  the system. 

B o i l o f f  hel ium from both the m i r r o r  

The r e f r i g e r a t o r /  

LN2 s h a l l  be suppl i e d  froin the LN2 storage dewar t o  the he1 ium 
r e f r i g e r a t o r / l  i q u e f i e r ,  vacuum pump LM2 t r a p s  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 gyro t ron  magnet assemblies. Flow through 
the m i r r o r  magnet and gyro t ron  magnet dewar s h i e l d s  and vacuum pump LN2 
t r a p s  s h a l l  be c o n t r o l l e d  by MDAC suppl ied pneumatic s igna ls  t o  the S e l l e r  
suppl ied f l o w  c o n t r o l  valves. 
phere ou ts ide  the to rus  b u i l d i n g .  

Expended GNZ s h a l l  be weritedl t o  the atmos- 

3.2.1.1.4 Stand-by Mode - The stand-by mode o f  opera t ion  s h a l l  be i d e n t i c a l  
t o  the steady-state mode except as fa l lows.  A reduc t ion  i n  the heat  l o a d  o f  

the  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 a g o n i 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  prov 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 top f i l l  1 ines. He1 i urn s h a l l  be vented back f o r  re1 i- 
quefac t ion  as i n  the steady-state mode. 

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 f i l l  l i n e s .  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 pneumatic s ignal  t o  
open and c lose  each f i l l  valve. 
a t i o n  and from noma1 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 i o n .  
t a b l e  V I .  

Vapor r e s u l t i n g  from the b u l k  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  
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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 systein and transfer hoses. 
shall continue u n t i l  the dewars are f u l l .  Manual valves shall  be used t o  
control LN2 flow. 

vented i n t o  the enclosure area. 

Flow 

Vapor result ing from the b u l k  f i l l i n g  operation shall be 

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 lectr ical  heater shall warm the We 

i n  the auxiliary heat exchanger. An intermediate f l u i d  may be ut i l ized to 
a f fec t  heat transfer t o  the GH,. The heating rate  o f  the magnets will be 

controlled by an electr ical  s igna l  provided by MDAC. The system shall be 

designed to allow natural wanning o f  the system and i ts  loads. 

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- 
t ion o f  a single mirror or gyrotron magnet. See Tables I11 and V I 1  for 
detai ls .  

3.2.1.1.7 Post Equipment Failure - The system shall be capable of maintain- 
ing  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 of the cold box 
d. Failure o f  a single vapor cooled lead blower 

Failure o f  a single compressor 

Vent ing  o f  helium is permissible t o  accomplish this requirement. 

3.2.2 Performance Characterist ics - The system shall be designed t o  operate 

continuously 24 hours a day for 48 weeks per year w i t h  a useful l i f e  of 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 of stand-by operation for  5 days followed by 

64 hours of stand-by. In addition, the system shall accommodate 88 hours o f  
stand-by. The system shall  be designed to  allow one person to monitor and 
control i t  dur ing  a l l  modes. The system shall be designed t o  allow a l l  
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r o u t i n e  and p e r i o d i c  mafntenance t a s k s  t o  be pci-formed dur ing  the stand-by 
p o r t i o n  of t he  duty cyc le ,  
formed, hel ium f low t a  the tilirr’or magnets s h a l l  n o t  be i n t e r r u p t e d .  Four 
weeks each year  w i l l  be a1 l o c a t e d  f o r  t h e  performance o f  major main- 
tenance. 
per iod.  

While these maintenance tasks a r e  being per-  

The device \ d i l l  be warned t o  ambient temperature dur ing  t h i s  

Cryogenic system re1 i a b i l  i t y  and a v a i l a b i l i t y  s h a l l  be a pr imary design 
considerat ion.  The system s h a l l  be designed t o  accept a l l  poss ib le  combina- 
t i o n s  o f  temperature, pressure and f l o w  rates associated w i t h  Use opera- 

t i o n a l  cond i t ions  and per tu rba t ions  descr ibed here in  w i thout  i n t e r r u p t i n g  
opera t ion  o r  causing system f a i l u r e .  
sniooth t i -ans i t ion  from one sperat-ing mode t o  another as descr ibed h e r e i n  
w i t h o u t  i n t e r r u p t i n g  opera t ion  or causing system f a i l u r e .  
i n g  techniques, equipment and ins t rumenta t ion  and c o n t r o l  systems s h a l l  be 

u t i l i z e d  t o  assure the a v a i l a b i l i t y  o f  ,the c ~ y o g e n i c  system for EBT-P exper- 
iment operat ion.  

The system s h a l l  be designed t o  e f f e c t  

Proven engineer- 

The i n s t a l l e d  system s h a l l  p rov ide  the f o l l o w i n g  performance as a minimum: 
Storage, d i s t r i b u t i o n ,  d e l i v e r y  and c o n t r o l  o f  LHe t o  the 36 mirror 

ne t  dewars dur ing  steady-state opera t ion  as spec i f ied  i n  Table I. 
Storage, d i s t r i b u t i o n ,  d e l i v e r y  and c o n t r o l  o f  LHe t o  the  36 m i r r o r  
magnat dewars and concurrent  batch f i l l i n g  o f  the 6 gyyrotrsn magnet 
dewars as s p e c i f i e d  i n  Table I dur ing stand-by operat ion.  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 capable o f  inc reas ing  the  inventory  
i n  the LHe storage dewar a t  t he  r a t e  o f  300 l i t e r s / h a u r  minimuin dur- 
i n g  stand-by. The d i s t r i b u t i o n  m a n i f o l d  s h a l l  be s ized t o  accoml$r~- 
date a f u t u r e  upgrade t-o 15 gyrotrons t o t a l .  
Recovery and recyc l  i n g  of: both c o l  d and warm GHe fro 
magnets and gyro t ron  magnets. 
Storage, d i s t r i b u t i o n ,  d e l i v e r y  avid c o n t r o l  o f  bN2 t o  

magnet sh ie lds,  6 gyrotron magnet sh ie lds,  6 vacuum pea 

and d iagnos t ic  e$uipment as s p e c f f i e d  i n  Tab le  11. 

36 

81’9 Gh12 r e t u r n i n g  
pump L N Z  t r a p s  the m i  rror magnets, gyrotron rnagnets and V ~ C W  

s h a l l  be collected and vented ou ts ide  the  to rus  b u i l d i n g .  
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(6) 

De ivery of helium to cool- OWPI 36 mirror magnets and 6 gyr-stron 

magnets froin 300°K t o  4.2% ws'thin the constraints specified i n  Table 

specified i n  Table IY. 

Sustain and survive w i t h o u t  cryogenic system equip 

interruption o f  systm operation a simul taneoua q u  

mirror magnets as specified i n  Table 111 an /or loss  o f  vacuum o f  one 
mirror magnet. The maximum ( i n i t i a l )  pressure rise will be in the 

magnet dewars and t h e i r  local l i q u i d  helium an cold. gas return p ip-  
i ng. 

111. The syst  shall be capable o f  del fwering c ~ ~ l - d l o ~ n  he1 i m  as  

The m ~ x ~ ~ ~ ~  derrJar pressure (overshoot after d i  sc rupture) 

occurs a ~ ~ r o x i ~ a ~ e l y  0.5 seconds a f t e r  the quench event, 
Sustain and survive without cryogenic syst 
interruption of system operat ion a quench andlor loss  o f  vacuum of a 

net as specif ied i n  Table VII. 
pressure (overshoot a f t e r  disc rupture) occurs approxi 
~ ~ ~ ~ f l ~ ~  a f t e r  the quench event. 
Provide the capa 

above the post qu ~~~p~~~~~~~~ The post  qklench 
equilibrium t ected t o  exceed "K. The system 
shall be eapa t u r n i n g  t o  stea 
operation) i n  He shall  be ~ d ~ ~ ~ t e ~  direct ly  t o  

the affected ~ a ~ ~ e t  dewars a t  a r a t e  constrained by both t h e  ~~~~~~ 

b u r s t  disc pressure 1 i ~ ~ ~ a ~ i o n ~  (Ta e 111) and the a b i l i t y  of  t 
refr igerator  1 i quefi e r  t o  accept 1 a 
mal function or fai lure .  Secondly, t h  the unaffected magnets f u l l  

o f  LHe and isolated f r  the l i q u i d  hel ium supply, the system shall  
be configured ts use cold He i180°M t o  10%) t o  cool the affected 

magnets down t o  the ~ ~ e ~ a ~ ~ ~ e  level of the unaffected magnets9 
a f t e r  which cold GHe nd/or LNe shall  be used to complete the no 
cool-down of a l l  magnets. 
Warn up the mirror and gyrotron ~ a ~ ~ ~ t s  Cram 4.2"K to  380'K using 
GHe. During  warm-up the cryogenic syot shall he capable of provid- 
i n g  a gas flow ra te  o f  up to  3 ,4  

magnet and a 0.5 gm/seo t o  ea6 

The maxim 

quickly from a que 

a n t i t i e s  of wa 

/sec t o  each o f  the 36 mirror 
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heater i n  the auxiliary heat exch er shall be capable of transfer- 

ring 120,000 watts t o  the GHe f l o  

Provide the capability t o  complete a t e s t  run (steady s ta te  opera- 

tion) before returning t o  the standby mode and/or warming up  a f te r  

any of the equipment failures identified in Section 3.2.1.1(7). 

Specifically, failure of one compressor, failure o f  b o t h  compressors, 

fa i lure  o f  the cold box, and failure of one lead blower. 

of time the system can continue t o  supply liquid i s  constrained by 

the inventory on hand a t  the t ime o f  the fail  we.  

permissible t o  acco plish this  requirement. 

treain. The magnet pressure and 

T constraints as specified in Table 111 shall n o t  be exceeded. 

(10)  

The length 

He1 i u m  venting i s  

3.2.2.1 tiel i u m  Refrigerator/Liquefier Performance 

(1) The refrigerator/liquefier, which consists of a cold box and two com- 

pressors, shall provide TBS watts of refrigeration a t  4.2"K and TBS 
l i t e rs /hr  simultaneously  hen supplied with uti l  i t i e s  as specified by 

the Seller. The u t i l i t i e s  will be furnished by MBAC-SPL (see Table 

V ) .  The refrigerator/liquefier shall be sized t o  provide a 50% 

margin on the maximum syst  load. 

consist o f  those loads shown i n  Table I for steady s ta te  plus distri- 

bution loads as calculated by the Seller and approved by MQAC. 
t r i b u t i o n  loads shall include al l  thermal losses i n  both the l i q u i d  

del ivery p i  p i  n and manifolds and the cold gas manifolds and return 

piping. Losses f r o  
shall be included i n  calculating the distribution losses. 

The refrigerator/liquefier shall be sized to provide a 50% margin on 
the standby syst  

skid.  The standby system heat loads shall consist o f  those loads 

shown i n  Table I for stand p l u s  the distribution loads described i n  

paragraph 3.2.2.1(1). 

MDAC-STL shall u t i l  ize the refrigera@or/l iq e f ie r  a t  times solely as 
a l iquefier,  

and 1 a b  when supplied w i t h  helium gas a t  300'K. This value i s  the 

start-up liquefaction rate, identified i n  paragraph 3.2.1.1 1 . 

The maximum system load shall 

Dis- 

on b o t h  level s o f  the torus enclosure 

( 2 )  
heat loads when operating w i t h  one compressor 

( 3 )  
I t  shall be capable o f  provid ing  TBS l i t e rs /hr  a t  4.2'K 
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(4 )  In order to evaluate the re l iab i l i ty  of the system, the Seller sha l l  

provide an estimate o f  meantime between failures (MTBF) for the fo l -  

lowing major components of the refrigerator/l iqtnefier: 
o Compressor (bearing, gear boxes, lube system and seal gas  

o Expansion turbines 

o Valves 
o Heat exchanger f o u l i n g  

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 
The Seller s h a l l  indicate the length of time required to repair 

each malfunction noted above and the cost of parts t o  replace o r  
repair the component. 

Dur ing  cold box downtime l i q u i d  stored i n  the storage dewar 
shall be used to maintain the flow o f  LHe to the mirror magnets a t  
the stand-by mode flow rate  as specified i n  Table I. The gas shall 

sy s tern s 1 

be returned t o  the GHe storage tanks u n t i l  they are fu l l  and subse- 
quently reliquefied a f te r  the cold box a’s 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 instrumented t o  
permit shutdown under the fol 1 owing conditions: 

o Normal shutdown: the refrigerator/l iquefier shall be shut- 

o Emergency shutdown: 
down and secured w i t h i n  one hour by a single operator. 

erator/l iquefier frm the master control console without 
damage t o  the system. 

matically s h u t  i t se l f  down without damage ts the sys t  

the event o f  a malfunction. 
If the refrigerator/l iquefier requires periodic defrost for the 
removal of 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 s ta r tup .  

i t  shall be possible to stop the refrig- 

o Automatic shutdown: The refrigerator/l iquefier shall auto- 

(6) 

Shutdown 
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followed by defrost and start-up shall be accomplished i n  16 hours 
maximum. 

The refrigeratorll i que f i  e r  shal l  be per anently equipped with 

all cmponents necessary t o  introduce w a r n  gas fr the compressors 

into all  internal components and t o  remove contaminants t o  a maximum 
concentration o f  PO parts per million. 

si  ngl e operator to  accompl ish defrost. 
( 7 )  The Seller s h a l l  supply a f l o w  sheet (P&ID) w i t h  the refrigerator/ 

liquefier, complete w i t h  l ine  s izes,  valves, instruments, and com- 

ponents. In addition to  the Plow sheet, a complete set  o f  operating 

instruct.ions shall be provided, Special em a s i s  shall be placed on 
detailing simple effective procedures that one operator can follow 

during system operation, including upsets and recovery and during a l l  

changes of operating mode, t o  insure uninterrupted service and long 

term system re1 iabil i ty .  These instructions shall provide step-by- 

step procedures For the fol 1 owi ng operations: 
o Evacuation and purge 

o S t a r t u p  from a warm condition 

a Steady-state 
o Stand-by 

o Quench recovery 

8 Post  equipment failure recovery 

Q Behavior of the ~ e ~ ~ i ~ e ~ ~ ~ o ~  i n  case o f  power fai lure  or 
emergency shutdo 

o Transition between modes 

The refrigePator/li$uefier shall be designed t o  allow the rmoval 

(evacuation) o f  contaminants froin internal piping and the backfilling 
w i t h  he1 ium.  

maximum, Removal o f  a i r  from dead ended pipes shall be sufficient t o  

prevent the occurrence o f  plugs during cool-down, start-up an 
tisn of the refrigerator/l iquefierr 
The equipment shall be designed t o  prevent a helium loss of more t h a n  

2500 SCF/year. 

The design shall allow a 

o Warnup 

(8) 

This shall be accsrnp’l ish& by evacuation i n  two hours 

(9) 



(10) The equfprnunt  sha l l  be desig en to operate i n  the envirorawle 

f i e d  i n  p a ~ ~ ~ r a ~ ~  3 , 1 . 4 , l ( k ) .  

3.2.2.1.1 Gompressov ~ ~ r ~ o r ~ ~ a ~ ~ ~  - The compressors shall be oil-injected 

identical corn ressor skids shal l  be provided. Eac; sk id  shall have the 
capacity to  supply helim t o  m intain the syst 
defined i n  Section 3.2.2.1(2)) wh.a'le the other is  befng maintained* 
compressors shall have a proven p e r f o  ce history o f  900 
tinuous operation BP more w f t h o u t  maj ~~~~~~~~~~ 8% doe: 

least  ane ins ta l la t ion  t h a t  u t i l i z e s  r"css($~rs made by the same manufac- 
turer and are o f  the same type a 

achines capable o f  supplying helium gas f o r  sys t  operation. Tw 

i n  the standby 
The 

a. 

b.  

c. 

d*  

Both corslpresssr skids shall be furnislsed w i t h  a71 the ~~~~~~~~~ 

requri red f o r  operation 
spec i f i ca t ion .  
The ~ ~ ~ ~ ~ ~ $ s ~ r ~  and asssei ated q u i  $ 1  be suppl ied  as a 

anle t o  minimize field i n s t a l l a t l s n ,  Coni- 
Lnnted on the sk id  or the C6 

shall be shock p~~~~~~ ~~a~~~~~ ssion o f  v i  

in to  the skid  mounting surface. 
The compressors shall be suppl fed wi th  a seal i n  S ~ S ~ ~ I I  t h a t  guar- 
antees t h a t  the compressor helias gas loss  shall be the s 

l e s s  W~~~ the t pressor i s  n o t  runn ing  c pared t o  that. wGaen the  

machine i s  r u n n i n g .  

The ~ ~ ~ ~ ~ ~ s $ ( $ I r  shall be designe t o  be free OF a i l  drippings,  see 
age, or leakage. The o f 1  separators shall  be o f  a design tha t  does 
not require off-line re leaning) or blow 

e o i l  separation 
be c ~ ~ § i ~ ~ ~ ~ ~  art integral par t  of the as purification ~ u ~ s ~ s t ~ ~ ~ ~  
speclified i n  sect ion 3.2.2.1.2.3. Ins ~ ~ ~ ~ e f l t a t ~ o ~  shall  be 

wlided t o  indicate when ~ ~ ~ e ~ ~ ~ a t i ~ n  is required. A safety o 
feature shall  be i n c o r ~ o ~ a ~ e ~  t o  stop the ~ o ~ ~ ~ ~ ~ § o ~ .  prior t o  sep- 
arator  breakthrough, ~ l o ~ ~ ~ w ~  shall be through ia CQ on vent, The 
oil  removal system shall  be o f  a proven design wll th  a performance 
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history of 9000 hours of continuous operation or  more w i t h o u t  major 

mai ntenance. 

reduced voltage starting. An interlock shall be provided t o  pre- 
vent simul taneous starting of both  compressor skids. 
In a d d i t i o n  t o  safety devices required by the design codes noted 

herein, the f o l l  owing compressor inter1 ocks and audio and v i  sua1 
a1 arms shall be provided on the refrigerator/l iquefier cantrol 

pane? : 

e. The compressor drivers shall be electric induction motors w i t h  

f. 

o High pressure alarm 

o Vibration shutdown 
o bow suction temperature and pressure alarm and shutdown 

o Low o i l  pressure alarm and shutdown 

o Low cooling water alarm and shutdown 
o Motor overheat alarm and shutdown 
o Pressure drop alarm across oil removal devices 

g. Each compressor skid shall be furnished w i t h  the following instru- 
mentation located on the compressor control panel as a m i n i m u m :  

o Suction ternperatuse and pressure indicator on the f i r s t  
stage . 

o Discharge temperatures on each stage. 
o Discharge pressures on eac 
8 Automatic recycle control valve w i t h  controller capable of 

o A completely automatic anti-surge control system which 

o An orifice meter w i t  a calibrated differential pressure 

hand1 i ng f u l l  c pres Sor f l  ow. 

shall not  result i n  venting o f  helium gas. 

gauge shall be installed i n  the h igh  pressure dischar 
1 ine t o  monitor compressor performance. 

o All other instrumentation required for operation. 
o R u n n i n g  time meters 

h.  The compressors shall be designed so t h a t  damage t o  the compressor 
shall not occur i n  the event o f  the loss of instrument air, cool- 
an t ,  or electrical power. 
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i .  The compressors sha l l  be equipped w i t h  a control valve i n  both the 

f i r s t  and second stage suction to provide turndown capability to 
accommodate the modes and associated flow rates defined herein. 

para1 1 el opera t i  on. 

shal l  be designed, fabricated, inspected, testing and stamped i n  

accordance w i t h  ASME Boiler and Pressure Vessel Code, Section VIII,  

Division 1. 

accordance w i t h  ANSI  B31.3. 
Noise levels sha l l  no t  exceed the values specified i n  USAF AFR- 

j. Each compressor s k i d  sha l l  be designed for completely independent 

k.  All pressure vessels and shells o f  shell and tube heat exchangers 

1 .  A l l  p i p i n g  shal l  be designed, fabricated, inspected and tested i n  

m. 

n.  Heat exchangers sha l l  conform t o  TEMA standards. Tubes of tube and 
161-35. 

shell heat exchangers s h a l l  be welded to the tube sheet to 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 cold box containing the heat 

exchangers and turbo-expanders shall be constructed of carbon steel and 
insulated i n  such a manner t h a t  the temperature of any paint on the external 
surface shall be w i t h i n  5 O C  of ambient temperature. The cold box will be 
installed as shown i n  Drawing 70B3730611. The cold box fac i l i ty  interface 

i s  shown i n  Drawing 7083730001. 
a. The cold box vessel shall be suspended from a tap hat section and 

the lower section configured t o  allow lowering t o  provide access to 
Snternal cold box components. The cold box structure and the mech- 
anism t o  lower the bottom section shall be provided by the Sel- 
ler .  
equi pment b u i  1 d i  ng f l  oor as def i ned i n  708373001 

b. The cold box shal l  be desfgned t o  wi ths t and  the warm-up and cool- 
down requirements o f  this specification. 

c. Transition j o i n t s  utilized w i t h i n  the cold box shall be capable of 

withstanding 10,000 temperature cycl es from 400°K to  4'K w i t h o u t  
loss of structural integrity or measurable leakage. 

The structure shall support the cold box from the mechanical 



d.  Under steady s t a t e  opera t ing  cond i t ions  the c o l d  box s h a l l  be capa- 
b l e  o f  ma in ta in ing  a vacuum l e v e l  l e s s  than 1 x 
vacuum system suppl i e d  as p a r t  o f  the c o l d  box. 
The p i p i n g  w f t h i n  the c o l d  box and the penetrat ions from the box 
s h a l l  he designed t o  acto odate thermal mot ion over the e n t i r e  
opera t ing  temperature range. 

f. A l l  instruments and valves loca ted  w i t h i n  the c o l d  box s h a l l  be 
access ib le  w i t h  the bottom lowered t o  a l l o w  f o r  inspec t ion  and 
maintenance. 

g. The p i p i n g  s h a l l  be l a i d  o u t  %a prov ide  f o r  o i l  removal by s o l v e n t  

h. The c o l d  box s h a l l  inc lude a 30 micron f i l t e r  on the  warm i n l e t  

t o r r  v i a  the 

e. 

f l  ush i  ng. 

process streams to prevent  migra t fon  o f  p a r t i c u l a t e  mat ter  I n t o  the  

c o l  d box c i  r c u i  t s .  
i . Downstream f i l t e r s  s h a l l  be prov ided t o  prevent  m i  r a t i o n  of s o l i d  

p a r t i c l e s  from desiccant  beds. The des iccant  beds s h a l l  be s ized 
t o  prevent  f l u i d i z a t i o n  o f  the bed dur ing  the opera t ing  c o n d i t i o n s  
speci f i  ed h e r e i  n . 
The c o l d  box s h a l l  be equipped w i t h  a re1 i e f  device capable o f  
wi thstanding f u l l  compressor f l o w  i n  case o f  f a i l u r e  o f  h igh  o r  

s h e l l s  and vessels s h a l l  n o t  be degra 

k. The design s h a l l  prevent  ~ ~ t r a ~ ~ ~ ~ ~  o f  res idua l  a i r  i n  stagnant 
dead ended p ipe runs dur ing  purge evacuation. 

1 .  The p i p i n g  l a y o u t  design s h a l l  prevent the ~ c c ~ r r e ~ ~ e  o f  therma 

j . 
pressure comp nents. Under these cond i t ions ,  the performance o 

1 OW 

o s c i l l a t i o n s  t h a t  cou ld  i n t e r f e r e  w i t h  t h e  cryogenic syst 
i n g  perforinance as s p e c i f i e d  herein.  

dards. Tubes o f  tube and s h e l l  heat exchangers s h a l l  be 
the tube sheet t o  form a leak t i g h t  seal b e t  een the tube end and 
the t u b e  sheet, She l ls  o f  tube and s h e l l  heat  exchangers s h a l l  
meet the? requirements o f  and be 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. 

n. A l l  l i n e s  connecting the c o l d  box w i t h  the compressors s h a l l  be 
i s o l a t e d  w i t h  f l e x i b l e  metal j o i n t s  on the compressor end. 

m. A l l  c o l d  box heat  exchangers s h a l l  be i n  accordance wa’tk BEMA Stan- 
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3.2.2.1.2.1 Turbo-Expanders Performance - The turbo-expanders s h a l l  be o f  
the  gas o r  o i l  bear ing type w i t h  a proven performance h i s t o r y  o f  9000 hours 
o f  continuous operat ion or  more and d ~ ~ ~ ~ ~ e ~ t e ~  by a t  l e a s t  one co ld  box 
i n s t a l l a t i o n  t h a t  u t i l i z e s  turb ines made by the same manufacturer and are o f  
the same type and approximate s ize  or  larger .  

a. The expander design and i n s t a l l a t i o n  sha l l  insure t h a t  the 
expanders are not  damaged nor t h e i r  performance degraded when sub- 
j e c t e d  t o  the va r ia t i ons  i n  flow, temperature, and pressure as 
spec i f ied  by the operat ing modes defined herein.  

expanders can be replaced o r  repai red w i th  minimal warming o f  l i n e s  
and equipment. 
Provis ions sha l l  be made t o  a l low replacement o r  r e p a i r  o f  the 
expanders w i t h i n  a per iod o f  8 hours between shut-down and resump- 
t i o n  o f  l i q u i d  product ion a t  ra ted  capacity. The s e l l e r  sha l l  
provide the necessary amount o f  redundancy t o  accompl i s h  t h i s  task 
and sha l l  provide the necessary c o m ~ ~ ~ e n t s  wf th  the r e f r i g e r a t o r /  
1 i que f ie r .  

d. The turbo-expanders sha l l  be furn ished with i n l e t  f i l t e r s  t o  pre- 
vent p a r t i c l e s  10 ina’crons or l a r g e r  from enter ing  the expanders. 
The f i l t e r s  sha l l  be equipped w i t h  i nd i ca to rs  o r  alarms t o  i n d i c a t e  
when they requ i re  maintenance. The f i l t e r s  s h a l l  be s ized t o  

b. The S e l l e r  sha l l  design the r e f r i g e r a t a r / l i q u e f i e r  such t h a t  the 

c. 

accommodate 9000 hours o f  operat ion w i thout  maintenance. 
Gas bear ing turbo-expanders i f  u t i l i z e d  sha l l  be provided w i th  a 
bear ing gas surge volume o r  magnetic t h r u s t  bearings t o  a l low r a p i d  
shut-down wi thout  damage t o  the turbine. The bear ing gas s h a l l  be 
vented t o  the compressor suction. 

t r o l  o f  loading from steady s t a t e  t o  standby capaci ty.  

ure tu rb ine  i n l e t  and o u t l e t  temperatures and pressures, expander 
speed, and pressure i n  the brake loop. 
t i o n  t o  those requi red by codes speci f ied here in sha l l  inc lude 

e. 

f. The expander brake sha l l  be capable of continuous (s tep less)  con- 

g. Minimum inst rumentat ion displayed on the cont ro l  panel s h a l l  meas- 

Pro tec t ive  devices i n  addi- 
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overspeed t r i p ,  and bear ing gas o r  o i l  pressure a l a m  and shut-  
down. Running t ime meters s h a l l  be furn ished t o  show t o t a l  operat- 
i n g  time. 

prevent  expanders from b e i n  damaged i n  the case of the l o s s  o f  
inst rument  power and a r  a i r ,  coolant,  a r  l u b r i c a n t .  

event o f  a s i n g l e  o r  mu1 t i p l e  magnet quench. Pressure r i s e  r a t e  i s  
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 i s c  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. 

h. The S e l l e r  s h a l l  p rov ide  ins t rumenta t ion  o r  equipment requ i red  t o  

i. The system s h a l l  be designed t o  prevent equipment da 

3.2.2.1.2.2 Cold Box Valves Performance 
a. 

b. 

C. 

d. 

e. 

f. 

99 

A l l  c o l d  box va lve seats and plugs s h a l l  be o f  a hard mater ia l  t o  
r e s i s t  eros ion t h a t  would a f f e c t  performance of system. 
l i f e  s h a l l  be a t  l e a s t  9000 hours o f  opera t ing  time. 
Packed valves s h a l l  be i n s t a l l e d  w i t h  the lowest  pressure exposed 
t o  the packing (exc lud ing  vacuum). 
The gland packing of extended stem valves s h a l l  remain a t  ambient 
temperature dur ing  normal operat ion.  
Cryogenic valves mounted i n  the c o l d  box s h a l l  not i n c l u d e  any 
threaded or f9 anged connections, i n c l u d i n g  bonnets o r  s t u f f i n g  
boxes w i t h i n  the vacuum space. 
A l l  va lves s h a l l  be stamped w i t h  f l o w  d i r e c t i o n  arrows on the bon- 
net, vacuum j a c k e t  o r  body- 
A va lve  s h a l l  be i n s t a l l e d  on each o f  the connect ing l i n e s  a t  the 
c o l d  box t o  prov ide iso la ts ’on when the l i n e  i s  removed. Those 
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 w i t h  a r e l i e f  valve. 
A I  1 valves opera t ing  a t  sub-atmospheric pressure s h a l l  be packless. 

Design 

3.2,2.1.2.3 
subsystem s h a 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 he1 ium gas stream. 

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  

The p u r i f i c a t i o n  subsystem 
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sha l l  remove a l l  contaminants t h a t  would degrade the performance or  cause 
mal funct ion o f  the c o l d  box o r  o ther  components o f  the system when operated 
as spec i f i ed  herein. The subsystem sha l l  be designed t o  prevent the migra- 
t i o n  o f  contaminants i n t o  progress ive ly  co lder  stages o f  the c o l d  box dur ing 
any combination o f  operat ional  modes described herein. Regeneration o f  the 
elements o f  the p u r i f i c a t i o n  subsystem sha l l  be accomplished wi thout  i n t e r -  
rup t i ng  operat ion o f  the cryogenic system. 
v ided t o  i nd i ca te  when regenerat ion i s  requi red and to monitor p u r i t y  o f  the 
gas stream. I n  addi t ion,  prov is ions s h a l l  be incorporated t o  automat ica l ly  
shut the system down i n  the event o f  p u r i f i e r  breakthrough. The subsystem 
sha l l  remove and t rap  contaminants from the fo l low ing  sources dur ing a l l  
operat ional  modes. 

(1) 

Instrumentat ion sha l l  be pro- 

Make-up gas from the GHe storage tanks, i nc lud ing  impur i t i es  i n  the 
grade A helium feed gas. 
before the gas i s  admitted i n t o  the system. 

(G-10, Homex, Kapton, Mylar tape and EC910 adhesive) 

MDAC w i l l  sample each t r a i l e r  f o r  p u r i t y  

(2) M i r r o r  magnet and gyrot ron magnet c o i l  and i n s u l a t i o n  mater ia ls  

(3 )  Compressor 1 ubr icants  
( 4 )  Residual contaminants i n  l ines ,  e tc .  
(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 safety  

r e l i e f  check valve when co ld  o r  the v i r t u a l  leak a f t e r  bu rs t  d isc  
rep1 acement. 

3.2.2.2 L i q u i d  Helium Storage Dewar Performance 
(1) The dewar sha l l  be a proven design t h a t  has been fabr ica ted  and 

tes ted  by the manufacturer. 
(2 )  The l i q u i d  helium dewar sha l l  have a ne t  storage capaci ty  o f  no t  l ess  

than 17,300 l i t e r s  minimum w i t h  a 10% u l l age  volume. 
( 3 )  The design pressure o f  the LHe conta iner  sha l l  be 35 ps ig  minimum. 

It sha l l  be designed, fabr icated, tested and stamped i n  accordance 
wi th AWE B o i l e r  and Pressure Vessel Code Section V I I I ,  D i v i s ion  1. 

(4) The LHe dewar sha l l  be constructed with the ax is  o f  the vessel i n  the 
hor izon ta l  p o s i t i o n  and sha l l  be mounted on a sk id  base. L i f t i n g  
lugs  sha l l  be provided to handle the vessel and sk id  assembly. 
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Weat leak i n t o  the vessel s h a l l  n o t  exceed .75% b o i l s f f  per  24 hours 
when f i l l e d  t o  design capaci ty .  

Connections f o r  i n s t a l l a t i o n  o f  t r a n s f e r  l i n e s  s h a l l  be i n  accordance 
w i  t h  drawi rrg ~ O B H 3 O 1 2  e 

A get ter /molecular  s ieve shall he at tached t o  the hHe surface to help 

mainta in  the i n s u l a t i n g  vacuum. The vacuum space s h a l l  ma in ta in  
i n s u l a t i o n  i n t e g r i t y  for a ninimuq of one year  w i t h o u t  re-evacuation. 
Safety r e l i e f  valves s h a l l  be i n s t a l l e  on the  dewar 1 i q u i d  v o l  u ~ e  
and vacuum space and s h a l l  be s ized i n  accordance w i t h  the Compressed 
Gas Assoc ia t i on  Handbook o f  Compressed Gases and Safety R e l i e f  Device 
Standards for externa l  f i r e  and vacuum lass .  
A flanged p a r t  wi th a 4-ifsch manual vacuum valve s h a l l  be i n s t a l l e d  
on the vacuum j a c k e t  t o  f a c i l i t a t e  wacuuni maintenance. The va lve  
shall be capped o f f  w i t h  an '*V r i n g  seal. 
A s e a l - o f f  connect ion wa' th  an adaptor shall b prov ided to permi t  
i n s t a l l a t i o n  o f  a vacuu 
Inst rumentat ion s h a l l  i n c l u d e  a LHe l e v e l  i n d i c a t o r  and dewar pres- 
sure gage. Transducers shall  be provided t o  a l low r 
bath parameters. 
I f  r e q u i r e d  an e l e c t r i c a l  heater  may be installed i n  t h e  dewar t o  
f a c i l i t a t e  performance t e s t i n g  o f  t he  R/L and/or turndown c o n t r o l  
(see Sect ion 4.2). 

The JT valve Shdl1 be spec i f i ed  by the S e l l e r .  

3.2.2.3 Gaseous He1 ium Storage Tanks Perforr,iance - Three gaseous he1 i urn 
storage tanks w i l l  be suppl ied by MDAC-STL. 
f o r  i n t e g r a t i n g  these tanks i n t o  the design o f  t h  o v e r a l l  system. The 
c ~ ~ ~ i n e ~  storage capac i ty  o f  the  gaseous helium tanks will be 75 

ex terna l .  

The S e l l e r  sha l l  be respons ib le  

e) The design pressure w i l l  be 300 p s i g  i n t e r n a l  and 15 p s i g  

3.2.2.4 - The cryogenic 

exchanger, c o l d  box, m i r r o r  
m d i s t r i b u t i o n  system s h a l l  in te rconnect  the LHe dewar, a u x i l i a r y  heat  

e t ,  and gyro t ran  magnet assemblies, as shown 
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i n  the drawings l is ted i n  paragraph 2.6. 

of cryogenic transfer l ines and associated values are required as a m i n i m u m :  

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 

The following i n d i v i d u a l  sections 

o Yirror coil supply and return and gyrotron magnet supply and return 

manifol d s  

o Cold gas return t o  the cold box from the mirror magnet and gyrotron 
magnet return mani fol ds  

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 l ines sha l l  be vacuum jacketed, uti l izing superin- 
sulation, getters, etc. as required to minimize heat leak. A l l  l ines  
shall ut i1  ize internal bel lows to re1 ieve thermal stresses. 
The Liie cryogenic l ines from the supply and vent manifolds to the 
mirror coi ls  (708373010) shall contain sufficient f lex ib i l i ty  through 
internal and external bellows sections to accept a maximum dfsplace- 

ment of 1.50 inches i n  each of 6 degrees of freedom a t  the magnet 
interface i n  addition to manufacturing and installation tolerances. 

(3 )  A combination pressure re1 ief/seal-off valve shall be provided on 
each transfer l ine section and each f ie ld  weld jo in t  to permit evacu- 
ation 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. Field welded connections shall be of 

standard design and shal l  minimize heat loads into the cryogenic 
f l u i d .  The gyrotron helium supply and return l ines shall be termi- 
nated w i t h  male bayonets suppl ied by the Seller. The Seller sha l l  
specify t h e  p a r t  number o f  the mating female half. 
S h u t  o f f  valves shall be installed i n  the distribution system as 
shown i n  drawings 70B373010, 706373014, 708373008, and 706373017. 

(2) 

(5) 
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( 6 )  A l l  valves sha l l  be long stem vacuum jacketed globe type w i th  pneu- 
matic actuators t h a t  operate froin 3 to 15 ps ig  instrument a i r .  
Valve requi  rements w i th in  the torus enclosure sha l l  be as speci f i e 8  
i n  Table V I .  

The pressure drop cha rac te r i s t i cs  and heat losses o f  the cryogenic 
d i s t r i b u t i o n  system sha l l  be compatible w i th  the de l i very  requi re-  
ments spec i f ied  i n  Table I. For example, the co ld  helium re tu rn  
p ip ing  i n  conjunct ion w i th  the compressors must be sized t o  maintain 
the m i r ro r  magnet bath pressure and carresponding temperature w i t h i n  
the speci f i  ed range- 
The vacuum space i n  the vacuum jacke t  o f  the t ransfer  l i n e s  and f i e l d  
j o i n t  vacuum spaces sha l l  be i so la ted  from equipment vacuum. 
Adequate pressure r e l i e f  devices sha l l  be i n s t a l l e d  i n  the co ld  gas 
re tu rn  l i n e s  t o  maintain system pressure below 35 ps ig  i n  the event 
o f  magnet system quench, l oss  o f  i n s u l a t i n g  vacuum, o r  other anoma- 
lous condi t ions requ i r i ng  emergency venting. Burst  d iscs shown an 
drawing 708373010 sha l l  be set  a t  28 psia. The check valve s e t t i n g  
sha l l  be a c o m p r ~ r n ~ ~ e  between minimizing back $low o f  contaminants 
and overpressur iz ing the magnet dewar. 
Design pressure o f  f l u i d  l i n e s  s h a l l  be 100 ps i  minimum. 
The l i n e s  inc lud ing  f i e l d  j o i n t s  sha l l  maintain vacuum i n t e g r i t y  For 
10 years minimum. 
The cryogenic helium l i n e s  sha l l  be fabr icated by welding 304L s ta in -  
l ess  s tee l .  

Kapton H mul i - layer  insu la t ion ,  Dexiglas paper i nsu la to rs  i f  requi red 
and paly imide o r  G-10 spacers. 

l i m i t  system l i f e  o r  proclude operat ion as spec i f ied  herein. 

( 7 )  

( 8 )  

(9) 

(10) 
(11) 

(12) 

(13) A l l  vacuum insulated p ip ing  i n  the torus enclosure shal l  u t i l i z e  

(14)  The d i s t r i b u t i o n  system design sha l l  prevent o s c i l l a t i o n s  t h a t  

3.2.2.5 Gaseous He1 ium D i s t r i b u t i o n  System Performance - The gaseous he1 ium 
d i s t r i b u t i o n  system sha l l  in terconnect  the bel  ium compressor to  the c o l d  
box, high pressure helium storage tanks, a u x i l i a r y  heat exchanger, bypass 
heat exchanger and the vapor cooled lead cool ing re tu rns  on the m i r r o r  c o i l  



magnet assemblies. 
i n g s  70B37300 70B373010, 70B373014, 70B373009, 70B373001, 7i9373004, 
7QB373017, 70 373011, 70B373819 and 708373020. 

The gaseous hel ium d i s t r i b u t i o n  system f s  shown i n  draw- 

The gasesus he1 ium distribution 1 ines shall  be f ab r i ca ted  by welding 
3 0 4  series stainless steel . 
All l ines and ~ ~ ~ ~ ~ j ~ ~ l ~ ~  inside the f a c i l i t y  t h a t  may potentially 

carry cold gas shall  be insulated t o  ensure t h a t  no exposed surface 
will have a  at^^^ lower than the dew p o l n t  o f  mbieriit a i r .  
Insul a t i o n  materi a1 s shall be capable s f  WI” ths tandi  8119 the vadi a t i o n  
dose speci fi  ed herel n 

ents w i t h i n  the torus enclosure shall be as spec i f i ed  i n  

a t i c  or  remotely operated wal ves shall be ~~~~~~~~~~~~~ %y 
Table VI. 

operated froin 3 t o  1% psi9 instrearwent a i r .  
ers and an accunulatw sha l l  be instal led i n  the warm GHe 

i rstair i  sonic flow across the flow control valves. e 
blower sha l l  provide ~~~~~~~~~ back-up f o r  the o the r *  The f l o w  con- 

Design pressure of  f l u i d  lines shall be 300 psi ~ i ~ i ~ ~ ~ ~  

trol valves s h a l l  be provided w i t h  p raatdc operators. 
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The heat loads ( d e ? i v w y  requirements) specified i n  Table I1  do not  include 

l ine losses. The LN2 distribution system i s  shown schematically in drawing 

70B373017. I t  shall supply the following: 

o LN2 heat  shield surrounding the mirror coil magnets 
6 I-N2 heat shield surrounding the gyrotron magnets 

o LN2 cooling for  steady s ta te  operation o f  the refrigeratorJ1 iquefier 

o LN2 supply t o  the auxiliary heat exchanger 

o LN2 supply t o  diagnostics 

o LN2 supply to the gas purification system 

Q LN? supply t o  the ~~~~u~ pump tsaps as shown in Fl”g~res 10 and 11. 

A11 LN2 supply lines shall be superinsulated and vacuum j a c k e t e  
A11 vacuum insulated piping in the torus enclosure shall ut i l ize  

Kaptan H mu1 ti-layer insulation, Dexiglas paper insulators i f  

required and polyiniide or G-10 spacers. 

A combination seal-off/pressure relief valve shall be provided on 
each transfer l ine section and each f ie ld  j o i n t  t o  permit evacuata’sn 
o f  the vacuum space. 
polyurethane. 

Each section of LN2 l ine shall be capable o f  sustaining vacuum a t  

10-5 torr  fo r  a tninitnm OF 10 years without  re-evacuation. 

Shut-off valves shall be installed in the LM2 distribution system as  

A l l  valves used for f l o w  control shall be long stern vacuurn jacketed 

gl obe type w i  u1 p n e u ~ a ~ ~ c  actuators. 

Valve requirements within the tarus e n ~ l ~ s ~ r e  are shown i n  Table VI. 

Design pressure for  f l u i d  l ines shall be 100 p s i  minimum. 

The LM2 transfer l i n e s  f rom the supply and vent; 

mirror coils (7083730101 shall contain sufficient f lexibi l i ty  t h r o u g h  

internal and external bel 1 QWS sections to accept ximum d i  spl ace- 
inelat o f  1.50 Snckres in eac o f  6 degrees o f  freed 

interface in a d d i t i o n  t o  manufacturi ng and i n s t a l  1 a t l a n  tal  erancesl 

The liquid nitrogen distribution l ines sha?l be fabricated by welding 

304L stainless steel .  Field welded connections shall be o f  standard 

design and shall minimize heat  leak i n t o  the cryogenic fluid. 

Seal materials utilized in the valve shall be 

w on schematic drawing 70B373017, 

nifolds t o  the 
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(5 )  A GHe heater  s h a l l  be provided i n  the heat exchanger t o  f a c i l i t a t e  
the  warm-up process o f  the rnirsrr c o i l  and gyro t ron  systems. 

( 6 )  The GHe heater s h a l l  be e l e c t r i c  and s h a l l  prov ide a minimum o f  
120,OOOW o f  heat ing t o  the hel ium gas stream. 

be c o n t r o l l e d  t o  l i m i t  the tern- 
a1 across the m r r o r  c o i l  s per Table 111. 
exchanger s h a l l  conform t o  PEMA standards l i s t e d  

( 7 )  Power i n p u t  t o  the 
pera ture  d i f f e r e n t  

( 8 )  The a u x i l i a r y  heat 
i n  Sect ion 2.6. 

( 9 )  The a u x i l i a r y  heat 

GHe heatet- shal 

exchange? s h a l l  be designed, f a b r i c a t e d  and 
stamped i n  accordance w i t h  ASME B o i l e r  $I Pressure Vessel Code, 
Sect ion VIII, D i v i s i o n  1. 

3.2.2.10 Rypass Heat Exchanger Performance - The bypass heat exchanger i s  
requ i red  t o  prevent c o l d  hel ium gas from e n t e r i n g  the compressor suc t ion  
when the c o l d  box i s  down fo r  r e p a i r  o r  maintenance. Cold gas r e t u r n i n g  

and be warmed i n  the bypass heat exchanger before e n t e r i n g  the compressor 
suct ion.  

the m i r r o r  magnet and gyro t ron  magnet dewars w i l l  bypass the c o l d  box 

The bypass heat exchanger s h a l l  accept and warm the t o t a l  hel ium gas 
load f o r  steady s t a t e  opera t ion  as de f ined i n  Table I .  

When opera t ing  w i t h  the t o t a l  steady s t a t e  gas load, the pressure 
drop through the bypass heat  exchan e r  s h a l l  be such t o  a l l o w  the 
m i r r o r  magnet and gyro t ron  magnet dewars t o  operate a t  a pressure o f  
14.7k0.3 psia.  
The temperature o f  the  gas on the  compressor s i d e  o f  the  la 
exchanger s h a l l  be such t o  prevent damage o r  ma l func t ion  o f  the 
compressors. 
The bypass heat exchanger s h a l l  conform t o  TEMA standards l i s t e d  i n  
Sect ion 2.6. 
The bypass heat exchanger s h a l l  be designed, f a b r i c a t e d  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  le 



3.2.2.11 Instrumentation and Control System ~~~~~~~a~~~ - An ~ ~ ~ s ~ ~ ~ ~ e n t a -  

tion and control ( I X )  subsystem shall be provided t o  a l l0w a single opera- 

tor to monitor and control the system d u r i n g  a l l  modes of  operation identi- 
fied herei n . 
The capabil i t y  f o r  a single operator t o  monitor and control t he  system shall 

be defined as follows. The I&C syst  supplied by the sel ler  shall provide 

those displays and controls necessary t o  allow one person to sperate the 
system from the master control room. The single operator will be assisted 
by personnel who can make manual adjustme e t s  on the 5.ystein elements under 
his control. 

The Seller shall be responsible for the complete swbsyste 

fol 1 ows : 
(1) Provid ing  and processing the output signal s f  t h e  l i q u i d  lewel trans- 

ducers and supplying the 3-15 ps ig  ~~~~~~~~~ control signals I;s the 
mirror magnet and gyrot~on magnet dewar helium f i l l  valves. 

supplying the 3-15 p s i g  ~ n e u ~ ~ t ~ ~  control signals t o  the mirror 
net and gyrotron magnet dewar ni t rogen shield f j l l  valves. 

(3) Providing and processtng the output s ignal  s f  the vapor cooled lead 
temperature ~ r a ~ ~ d ~ ~ ~ ~ ~  and supplying the 3-15 pss’g ~ n ~ ~ ~ i a ~  
s i g n a l s  t o  the mirror 
Providing and processing the o u t p u t  s ignal  o f  the mirror and gyrotron 
coil instrumentation and supplying the control signals t o  the 
auxiliary heat exchan AC will provide a 3-15 psi 

s igna l  t o  control LWz f l o w  d u r i n g  cooldown and a Q-5 vdc signal t o  
control the heater decrin 

( 2 )  Processing the o u t p u t  signal o f  the hilevel l i q u i d  transducers and 

or cooled lead  valves. 
(4 )  

A control center shall be located i n  e EBT-P control ro 
Drawing 70B378 11 and sha l l  provide t necessary control 
manual or c o ~ p ~ t ~ r  assisted opevation. The control cente 
control console locate eckanical ~ ~ ~ i p ~ e ~ ~  b u i l d i n g .  The sel ler  
shall provide a l l  contl-o ni tor i  ng requi red 
system except as note here-in. These control functions shall be designed 
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as  interlocked germsn?ssives using an Allen Bradley PlX-3 Process Con- 

trol 1 er. The  refrigeratorll iquefies and cryogenic distribution system con- 

trol center shall include a process f l o w  schematic, and shall he subject t a  
MDAC-SPL a ~ p ~ o v a l .  

Ct-yogenic system status, caution and warning, and master control shall be 

accomplished from the E8T-P Master Control Console (MCC) as shown i n  Drawing 

70B378011. 
cess feedback terminals to monitor, sequence, and adjust the operating para- 

meters o f  the system from the MCC. 

The Seller sha l l  provide the necessary status signals and pro- 

CQt'ltrOl o f  t he  Complete cryogenic System except as noted may be performed 
frm either the control console or the control center, b u t  not  Pr 
siinul taneously. The transfer of control from either location shall be bump- 

less for the discrete and anala s. All automatic safety shutdown 

controls t h a t  are required t o  pe-otect. the f a c i l  i t y  or ecq ent, shall be 

independent o f  either manual or computer operating control. Annunciation o f  
each shutdown shall be displayed on both the control console, control center 

and monitored by the cam uter. 
instrumentation system interface- Detail interfaces are shown i n  Figures 4, 

Figure 3 defines the general cryogenics/ 

7 and 8. 

The control console and micr-oprocessor shall be supplied by the Sel- 

ler .  The console shall provide visible indications for  the valve 

positions and compressor on/off conditions Contact closures for 

these shall also be provided fer the control center. 
Fault conditions t h a t  preclude normal operation of the he1 ium 
refrigerator/l iquefier shall be! displayed on the control console and 

control center f t h  interface capability t o  the MCC and computer 

The control center shall provide eters or digital ~ a a d s u t s  f o r  a l l  

flow meters, temperature and pressure measure ents, or  other readouts 

essential t o  operation of the he1 ium refrigerator/l iquef-ier, and 
distribution systems. 

these quantities shall be provided for HCC status and control. 

Analog or b i  nary-coded signal s representing 



4.0 QUALITY ASSI IRAKE PROVISlClMS - The ab i l i ty  OF the C ~ Y O ~ E ~ ~ C  System 
defined by t h i s  s p e c i f i c a t i o n  t o  meet the w q u f r  wits specified i n  Sect ion 
3.0 shall  be v e r i f j e d  by t h e  performance o f  inspect ions,  analyses, and t e s t s  
as described herejn.  The Seller  shall develop and MQAC will approve plzsna~ 

for pre-acceptance testir i  and inspection p r i ~ r  t o  shlp ent. ?he pian shall 

i ncl ude tests wh9ch may $e csradi~cted a t  sub-t i  ep s ~ p p l  i CY 1 eve1 s I nanufac- 

t u r i n g  i n  process inspect ions,  and sub--assedrsbly ~~~~~~~~~~~ t e s t i n g  as 
appl icabl e e 

The cryogenic syske accept.ance tests shall be iafome3 a t  9a.k Ridge Yalley 
Industri al Pdrk f s l  1 awl g Instal la t ion i n  the EBT-P f a c i l i t y .  

tance tests shall be ~~~~~~~~~ i n  accordance w’3’t i i  an acccptaance tes t  proce- 

dure prepared by the Seller  and approved by MDAC-STt. 

from the ~r~~~~~~~ d i s t r i b u t i o n  system. 

The accep- 

V e r i f l c a t i o  

The Seller s h a l l  provide a l l  equip- 

a t w i  a1 s for  al 1 tests. DWC will provide technic ians and tec 
ervision Lo perf0 the acceptawe test under the irect srapervi r i m  
SeI1ev. Tra in ing  P c-STL andg‘0r9 OR k technlcians i n  the opera- 

p l i s h e d  a t  the EBT-P f a c j l i t y  as 
p a r t  s f  the acceptance t e s t .  

4.1 PRE-A - ~ ~ ~ - a ~ c ~ ~ ~ a ~ ~ ~  t e s t i n g  consists  o f  those tests: 
and inspections conducted on c ~~~~~~s and ~~~~S~~~~~~ fes during the- Fabri- 

ca t ion  o f  the ~~~i~~~~~ t o  a s s u r e  t h a t  the requs’w en& sf this speciffca- 

t i o n  are being  met. 

(1) Cold Box and I P i p i n g  - AI1 pip ing ,  valves, and vessrls l”n the cold box 

Pressure Vessel Code and P ep P i p i n g  Code. All f l u i d  l i n e s  shall be 

These tests sha l l  incl urde, b u t  not  be 1 inaelted to the 
fQl1SW.a’ n€J 

shall be subjected t o  pneu t i c  test.a’ng I n  accordance w i t h  t 
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hel ium leak  tested. 
scc/second. If appl icable,  a l l  va lves s h a l l  be tes ted  i n  accordance 
w i t h  MSS document SP-61, Hydros ta t i c  Test ing o f  Steel  Valves. Also, 
a l l  p i p i n g  s h a l l  be tes ted  t o  standards o f  Pipe F a b r i c a t i o n  I n s t i t u t e  
(PFI)  document ES4, Standard Pract ice,  Shop Hydros ta t i c  Test ing o f  
Fabr icated P i  p ing.  

( 2 )  Cold Box Vacuum - The c o l d  box p ip ing ,  vessels, heat  exchangers, and 
o ther  components s h a l l  be subjected t o  normal opera t ing  pressures by 
f l o w i n g  Helium gas e i t h e r  from the coinpressor or an ex terna l  pressure 
source. 
t h e  vacuum l e v e l  s h a l l  n o t  exceed 1 x t o r r  for one hour when 
pumped w i t h  the vacuum system suppl i e d  w i t h  the c o l d  box. 
Compressor Performance - Fol  lowing complet ion o f  the i n s t a l  1 a t i o n  o f  
the compressor, the compressor s h a l l  be operated under design condi- 
t i o n s  f o r  a p e r i o d  o f  24 hours t o  v e r i f y  compliance w i t h  t h i s  speci-  
f i c a t i o n .  The S e l l e r  s h a l l  spec i fy  the t e s t s  r e q u i r e d  t o  demonstrate 
performance o f  the compressor skids.  
Vacuum Jacketed P i p i n g  - The S e l l e r  s h a l l  perform and the p i p i n g  
s h a l l  pass a thermal s h o r t  t e s t  on each i n d i v i d u a l  vacuum jacketed  

A u x i l i a r y  Heat Exchanger - All p ip ing ,  valves, and vessels i n  the  
a u x i l i a r y  heat  exchanger s h a l l  be s 
accordance w i t h  the ASME Pressure Vessel Code and Power P i p i n g  
Code. A l l  f l u i d  l i n e s  s h a l l  be heliarm leak  tested. Maximum leakage 
s h a l l  n o t  exceed 1 x sccdsecond. I f  appl icable,  a l l  va lves 
s h a l l  be t e s t e d  i n  accordance w i t h  MSS document 9 -61 ,  Hydros ta t i c  
Tes t ing  o f  Steel  Valves. 
By-pass Heat Exchanger - A l l  p ip ing ,  valves, and vessels i n  the 
by-pass heat  exchanger s h a l l  be subjected t o  pneumatic t e s t i n g  i n  
accordance w i t h  the ASME Pressure Vessel Code and Power P i p i n g  
Code. A l l  f l u i d  l i n e s  s h a l l  be hel ium leak  tested. Maxirnu 

s h a l l  n o t  exceed 1 X scc/secsnd. I f  appl icable,  a l l  valves 
w i l l  be tes ted  i n  accordance w i t h  MSS d ~ c ~ ~ ~ e n t  SP-61, Hydros ta t i c  
Tes t ing  o f  Steel Valves. 

Maximum leakage s h a l l  no t  exceed 1 x lo-'' 

When tes ted  a t  opera t ing  pressure and ambient temperature, 

( 3 )  

( 4 )  

spool. 

(5) 
ected t o  pneumatic t e s t i n g  i n  

(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  sha l l  be conducted fo l l ow ing  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 tes ts  o f  the 
complete EBT-P device or, a t  the op t ion  o f  the Sel ler ,  p r i o r  t o  connecting 
the magnets u t i 1  i z i n g  dummy magnet loads. 

The he1 ium r e f r i g e r a t o r / l  i q u e f i e r  sha l l  be tes ted  t o  meet the requirements 
spec i f ied  herein. The output o f  the r e f r i g e r a t o r l l i q u e f i e r  sha l l  be meas- 
ured w i th  e i t h e r  a calor imeter,  (suppl ied by the Se l l e r  as p a r t  o f  the 
r e f r i g e r a t o r  package) o r  w i th  the use o f  a ca l i b ra ted  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 o f  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 sha l l  be be 
determined by measuring the steady-state b o i l - o f f  r a t e  w i th  a l l  l i n e s  i n  
place, and vacuum annul us evacuated t o  spec i f i ca t i on  requirements. The heat 
leak sha l l  no t  exceed the requirements spec i f i ed  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  sha l l  meet o r  exceed the requirements spec i f ied  i n  3.2.2.1 
f o r  a minimum o f  24 hours. 

I f  the l i q u i d  helium 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 sha l l  inc lude pneumatic t e s t i n g  a t  twice the 
operat 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 inc lud ing  instrumentat ion.  A f t e r  connecting 
the magnet dewars, the system ( w i t h  magnet f i l l  valves open) sha l l  be pneu- 
m a t i c a l l y  tes ted  a t  52.5 psig. Magnet bu rs t  d iscs  sha l l  be removed and the 
open stack capped o f f  t o  perform t h i s  tes t .  
b u r s t  d iscs  sha l l  be replaced and the whole system sha l l  be leak tested. 

A f te r  the pneumatic test ,  the 

The acceptance tes ts  sha l l  inc lude demonstrations o f  operat ion i n  a l l  
operat ing modes described herein, and sha l l  demonstrate t h a t  the system i s  
su i tab le  f o r  i t s  intended purpose and meets the requirements o f  t h i s  
spec i f i ca t ion .  
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The S e l l e r s  d e t a i l e d  acceptance t e s t  procedures s h a l l  con 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  d e s c r i p t i o n s  o f  each t e s t  
w i t h  p rov is ions  t o  record the types o f  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 subrnftted i n  accor- 
dance w i t h  the SDRL. 

5.0 

5.1 

5.2 

PREPARABION FOR DELIVERY 

I DENT I F  ICAT I ON AND MARK1 NG 
a. A l l  separate d e l i v e r a b l e  i tems o r  rep?aceable c ~ ~ ~ o ~ ~ n ~ s  s h a l l  be 

The f o 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  ntsmepl ate: 

o P a r t  name 
o Manufacturing name and FSCM no. 
o S p e c i f i c a t i o n  number (MDWC-STL p a r t  no.) 
o Manufactur ing 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 
F a b r i c a t i o n  I n s t i t u t e  (PFI 1 Standards ES11, Recom ~ ~ ~ e d  P r a c t i c e  
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  Symbol s t o  Fabr icated 
Piping. 

i n  accordance w i t h  MSS document SP-25 St ndard Marking Syst  
Val wes, F i  tti rigs, F1 anges , an Unions. Valves s h a l l  be marked w i t h  
an arrow i n d i c a t i n g  the f low d i r e c t i o n .  

c. Fur ther  a71 valves, f langes, f i t t i n g s ,  and unions s h a l l  be 

PACKAGING FOR SHIPME T AND DELIVERY 
a. Conformance - The equipment t o  be d e l i v e r e d  s h a l l  be completely 

assembled (spool l e v e l )  and shall  conform to a l l  requirements o f  
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 es tab l i shed per  
4.2.  Any area o f  nonconformance requ i res  MDAC a u t h o r i z a t i o n  p r i o r  
t o  shipment. 
Documentation - One copy o f  the acceptance t e s t  records per  4.2 
sha?l accompany the equip 

h .  
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11 be pro tec ted  by 
i r i s t a l l a t i o n  o f  Cap-Plugs o r  other s u i t a b l e  devices on a’ll elec-  
t r i c a l  and pneumatic connections and s h a l l  be sealed i n  a p l a s t i c  
bag t o  preserve c lean l iness .  A11 l i n e s  and vessels s h a l l  be pres- 
sur ized  t o  5 p s i g  minimum w ? t h  CI dry gas prs’or t o  shipmerit. 

d.  Prepara t ion  f o r  Shipment - The e erst s h a l l  be prepared f o r  
shipment i n  accordance i t h  MDE-6-20-1 

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 a p p l i c a b l e  
t o  t h e  acronyms and abbrevi  a t i  ons u t i  1 i zed i n  t h i s  sped f i e a t i  on. 

I tern D e f i n i t i o n  

ANSI  er ican National ~ ~ a ~ d ~ ~ ~ ~  I n s t i t u t e  

ASME American Society  of  ~~~~a ical Engineers 

ASTM 

CGA 

Crys 

EBT-P 

f t 3  

GHe 

GN2 

grn/sec 

IEEE 

f o r  Testing an 

C ~ ~ ~ r ~ ~ s ~ ~  Gas Associat ion 

~ r y ~ ~ ~ n  i 6 ~i 

o ~~~~y Torus Proof o f  P r i n c i p l e  Device 

Cubic f e e t  

Gaseous He9 i urn 

Gaseous N i t rogen 

Grams per  second 

American I n s t i t u t e  o f  E l e c t r i c a l  and 
E l  ec t r o n i  c s Engineers 
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I SA 

O K  

LHe 

LN2 

MCC 

MDAC 

MSS 

NB S 

NbTi 

NEMA 

P&ID 

PF I 

PO 

PS 

ps i  

Psi 9 

scc/second 

I n s t r  men t a  t i on Soc i e ty of Arne r i c a 

Degrees Kelvin 

L i q u i d  Helium 

Liqu id  Nitrogen 

Haster Control Consol e 

McDonlnell Douglas Astronaut ics  Company 

Manufacturers Standardi zat ion Society 

National Bureau of Standards 

Niobium Titanium 

National Electrical Manufacturers 
Association 

Process and Instrument Diagram 

Pipe Fabr ica t ion  Institute 

Purchase Order 

Procurement Spec i f ica t ion  

Pounds per square Inch 

Pounds per square i n c h  gauge 

Standard cubic centimeter per second 
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SCF 

SRDP 

$SOW 

TBD 

TB S 

TEMA 

Standard cubic feet a t  standard 

atmospheric pressure and temperature 

Subcontractor Data Requirements Package 

Subcontractor Statement of Work 

To Be Determined (By MDAC) 

To Be Specified (By Seller in Proposal) 

Tubular Exchanger Manufacture Association 
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GYRBTRON MAGNET DEWAR 
INTERFACE SCHEMATIC 



Table I 

Device He1 i urn Del i very 
Requirements 

Consumptio 4 Number Total A F l u i d  Propert ies  A 
Ou t l  e t  .~ Device Element Each Element o f  Elements Consumption In1 e t  

Mirror Magnet 36 

Steady Sta te  Dewar tosses  26.8 l / h r  (%19.0 W )  964.8 l/hr Liquid 8 4.2'K Vapor @ 4.2'K 

Steady S ta t e  Lead Losses 5.0 l /hr 

Total Steady S ta t e  Losses 31.8 l/hr 

180.0 l / h r  Liquid @ 4.2'K Gas @ 300'K 

'1144.8 l/hr 

7 

Standby Dewar Losses 12.7 l / h r  (59.0 W )  456.8 l/hr Liquid (3 4.20K Vapor @ 4.2"K 

Standby Lead Losses 5 . 0  l /hr  1C0.01 l / h r  Liquid (3 4.2'K Gas 8 300°K 

Total Standby Consumption 16.1 l/hr 579.2 l/hr 

Operational Losses 1 .2  l / h r  6 7 .2  l /hr  Liquid (3 4.2"K Vapor (3 4.2'K 
Standby Losses 1.2 l/hr 7 .2  l /hr Liquid @ 4.2'K Vapor 8 4.2'K 

Notes: 

Gyro t ro n A 

, " g z % 3  
m - l o m  

A m m x 1 2  

- * w = s  L' i q u i d  . a t  4.Z'K i s  sa tura ted  l i q u i d  i n  the  pressure range o t  1 4 . 1  + u.3 t ~ b i ~ , .  

= z  0 Gyrotrons wil l  be b u l k  f i l l e d  da i ly .  

7 

m - P Z  
0 Approximate volume o f  each gyrotron i s  60 l i t e r s .  

A Liquid consumption based on the l a t e n t  heat  a t  1 4 . 7  ps ia .  



Consumption 

1.5 l /hr  w66 W )  

0.4 l /hr  

Device El emen t Each Element 

Mirror Magne 4 
Gyrotron Magne _ .  4 

Sof t  &Ray A 3 l /h r  
Spec t ron,ete t* 

Table I1 
Nitrogen Del ive y 

Requirements A 
Number Total 

o f  Elements Consumption 

36 54.0 l /hr  

6 2.4 l /hr  

1 3 l /hr 

Fluid Propertie 4 
In1  e t  Outlet 

Liquid @ 77°K 

Liquid Cd 77'K 

L i q u i d  @ 77'K 

Vapor Q 77°K 

Vapor Q 77°K 

Vapor (3 77'K 

NOTES: 

A Delivery pressure a t  control valve is  approximately 25 psig. 

A Flow t o  these elements i s  continuous i n  a automatic quasi flooded system. 

A This element will be bulk f i l l ed  daily. 

Cold box consumption i s  not  included. 
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Table I11 

Mirror  Magnetic C h a r a c t e r i s t i c s  

LHe Dewar - 

Total Vol uiiie 

Mi n . Opera t i  ng  Vol ume 

Max. Opera t i  ng Vol ume 

Pressure Rating (LHe Dewar) 
___-.___.- ~ 

Design 

Operating Range 

Quench Mode Max. 

Quench ;lode Rise  Rate i n  Flagnet 

Burst Disc S e t t i n g  

Heat Flux (LHe Dewar) 

Operating (plasma pawered) 

Standby (no plasrqa power) 

I n s u l a t i o n  Vacuum Loss 

Maximum Cooldown AT (300-100°K Range) 

Maximum 

A P  Across LN2 Shield 

Design Pressure LN2 Shi?l d 

30.0 1 

23.0 1 

25.2 1 

50 p s i a  

14.7 + - Q.:3 p s i a  

50 psia 

230 p s i / s e c  

828 p s i a  

19.0 w 
9.0: w 
16,800 W 

10°K (bobbin %a winding) 

30 p s i g  

5 psi 



Table IV 
Cooldown Performance Requirements a t  Each Mirror and Gyrotron Magnet Interface 

Load Teoperature Cool down 
Range O K  El ement 

300- 100 Aux. Heat 
Exchanger 

100-10 Cold Box 

10-4.2 Dewar 

300-1 00 Aux. Heat 
Exchanger 

100-1 0 Cold Box 

0-4.2 Dewar 

GHe Flow 
Rate g/s 

3.4 

2.1 

2.1 

2.1 
1 .o 

0.5 

0.3 
0.3 
0.3 

0.1 

Mirror Magnet 

In le t  Minimum InleJ 
Pressure PSIA Temperature K 

25 80 

25 
25 
25 

15.7 

Gyrotron Magnet 

50 

25 
10 

4.2 

25 80 

25 
25 
25 

15.7 

50 
25 
10 

4.2 

Inlet-outl e t  AT'K 
Max MI N 

220 10 

35 5 
30 5 
20 5 

N J A  N / A  

220 10 
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Table V 

Uti l i ty  Interfaces 

Electrical Power 

o 2400 VAC, 36, 60 HZ 

o 220 VAC, 36, 60 HZ 
o 110 VAC, lfi, 60 HZ 

o Filtered a n d  Oil Free Air a t  15 PSIG and 72°F 

Instrument Air 

I_ C o o l  i ng Water 

o Demi neral i zed 

o In le t  Temperature to  Equipment 100°F 
o Maximum Temperature Rise Across Equipment 18°F 

o Pressure 230 p s i g  
o Flow Rate TBS 



MCUONNELL QOUGLAS 
ASTRONAUNCS COMPANY -ST. LOUIS 

I tern 

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 
Val ve Requirements 

Inside Torus Enclosure 

Part Number 

V-2070-050- J - S A  

V-1060-050-J-SA 
2 V-1070-050-J-SLL 

V-1060-05O-J-SA 

SPECIFICATION NO. 70p373000 
FSCM NO. 76301 

DATE 24 November 1981 

PAGE 51 OF 61 

Operator 
_-I__ 

88-0720-01 001 A 
88-0720-01 001 

88-0720-01 001 & 
included w i t h  valve 

88-0720-41 001 A 
None (manual ) 
88-072Q--OlOOl L$, 
None (manual ) 

th 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 0-Rings - Polyurethane 

3 )  Wear Rings - Polyimide 

Part Number o f  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 0-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 )  0-Rings - Polyurethane 

2 )  Piston Gasket - Polyurethane 

A Other values located inside the enclosure a re  optional, however, they 

shall meet the radiation l i f e  requirements specified herein. 
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FIGURE 12 

@ AIR 

0 INTERLOCK 
@ OUTPUT 

@ COMMANO 

0 SOFTWARE 

@ A C  POWER 

LEGEND 

AC RELAY 

UBAYQNET 
SOLENOID VALVE 

& MANUAL VALVE 
&j W U M A T I C  VALVE 
$3 VAC JACKETED PNEU VALVE 
& RELIEF VALVE 

DI CHECK VALVE 

= BURST DISK 

e SWlTCH 
& PRESS REGULATOR - A I R  LINE 

J C  
LE 
LT 
N V  
PC 
PDE 

PDT 

P E  
PSH 
P T  
§E 
ST 
T 

TE 
TT 
%E 

CURRENT CONTROLLER 
LEVEL SENSOR 
LEVEL TRANSDUCER 
PNEU VALVE 
PROCESS CONTROLLER 
DELTA PRESSURE 
SENSOR 
DELTA PRESSURE 
TRANSDUCER 
PRESSURE SENSOR 
OVERPRESSURE SWlTCH 
PRESSURE TRANSDUCER 
SPEED SENSOR 
SPEED TRANSDUCER 
BILEVEL LiObliO 
TRANSDUCER 
TEMPERATURE SENSOR 
TEMP TRANSDUCER 
msrTiotv SENSOR 
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Cryogenic Syst 

I. 

2. 

3. 

4. 

5. 

NOTES : 
TAX4 SHALL BE 
EFSINEERS IASMEl BOILER AND PRESSURE VESSEL CODE, SECTION Vlll. 

EXCEPT AS QTHERWIS; STATED. 

IN ACCORDANCE WITH THE AMERICAN SOCIETY OF MECHANICAL 

PRESSURE VESSELS” DIVISION I LATEST EDITION INCLUDiNG ADDENDA. 
TANK SHALL BE ASME STAMPED. 

DES I GN 
A.  
0 .  
C .  

0 .  
E. 
F. 
0 .  
H. 
1. 
J. 
K .  

L. 

REOU!REMENTS: 
TANK SHALL BE CONFIGJJRED AS SHOWN. 
INTERNAL VOLUME SHALL BE 2500 CUBIC FEET MINIMUM. 
INTERNAL PRESSURE: 

ALLOWABLE LEAKAGE: 
ELLIPSOIDAL HEADS SHALL BE USED. 

DRAIN. 

HANMING/SHI?PING LUGS. AS REQUlRED BY VENDOR. 
INTENDED USE: HELIUM GAS STORAGE. 
TANK MOUNTING FOUNDhTlON WILL PROVIGE APPROX 
(AFT MOUNTING LEG 6 INCHES HIGHER THAN FORWARD1 
MANHOLE: 

VACUUM TO 300 PSIG MAX AT 70 DEGREES F1 
VACUJM TO 335 PSIG MAX AT 130 DEGREES 7. 
I - i O  EXP -7 SCC/SEC OF HELIUM MAXIMUM. 

WEIGHT: APPROX. 50,000 LBS REF. 

UKFUL LIFE: 10 YEARS-MINIMUM. 
FLANGE DESIGIU, METAL 0 RING SEALED WITH MATING BLIND FL 

I DEGREE OF PITCH. 

SlZE IN ACCORDANCE WITH REQUIREMENTS OF NOTE I .  LOCA’I 

.ANGE. 

‘E AS SHOWN. 

n 10. MAINTAINABILITY: MAINTAINABILITY SHALL BE LIMITED TO REPAiNT 
AT 5 YEAR. MINSMUM, INTERVALS. 

S I .  PACKAGING: PACKAGING SHALL BE IN ACCORDANCE WITH VEYDOR PROCESS 
SPEClFlCATlONS TO PREVENT DAMAGE DURING SHIPMENT. 

CHARGING VALVE AND SHALL BE CHARGED WITH 2 PSIG, 
EGREE F. DEI POINT. HELIUM GAS GURlNG SHIPMENT. 

F T A M  SHALL 3E EOUIPPED WITH A PRESSURE GAGE AN0 
WITH -60 

MATERIAL: 
TANK: 
STRUCTURE: SA 36 CARBON STEEL 

TANK SHALL BE FABRICATED FROM THE FOLLOWIhG MATERiAlS: 
SA 285. GRADE C OR S A  516. GRADE 70 CARBON STEEL. 

FINISH: TANK SHALL BE EPOXY PRIMED/PAINTED. USING A WATERPROOF 
PRIMER 2 MILS MINIMUM THICKNESS, 1N ACCORDANCE WITH VENDOR PROCESS 
SPECIFiCATIBNS TO INSURE OUT DOOR CORROSION PROTECTION FOR A 
PERIOD OF 5 YEARS MINIMUM. 
FED-STD 595 ~COLORi LIGHT TAN1 . FINAL TANK COLOR WlLL BE 13711 PER 

ENVIRONMENT: TANK WlLL BE INSTALLED OUTDOORS. 
A. TEMPERATURE RANGE: -20 DEGREES F TO 130 DEGREES F. . -  B. RADIATION* NONE 
C.  W I N D  LOAD8 100 MPH MAX. 
0. 5EISM1C LOAD: UNiFORM BUILDING CODE SEISMIC ZWNE 2. LATEST 

I S § E  AND ADDENDA. 

12. 

NAME PLATE L 

“I-” 
SAREST CUBlC FOOT] _ _ -  

. -  a. TEZTING: 
A. HYCROSTATIC TESTING SHALL BE DO& AT 500 FSIG as 50 

MINUS 0 PSIG. 
HYDROSTATIC TESTING. 

S’ECtFtED IN Z.D. AT 335 PSIG. 

NO DETRAMENTAL.DEFORMATION SHALL RESULT FROM 

B. LEAK RATE AFTER HYDROSTATIC TEST SHALL? NOT EXCEED THAT 

C. OTHER TESTING SHALL BE PERFORMED A S  REQUIREO BY NOTE I .  

,& SAFETY: THE SAFETY VENT DEVICE SHALL CONSIST OF A BURST DISK AND . 
SPRING LOADED RELIEF VALVE MOUNTED IN PARALLEL. 

THE BURST DISK AN0 RELIEF VALVE SHALL BE FLANGE MOUNTED AN0 EMPLOY A METAL 0 RlNG SEAL. . -. . 

7 .  CU3NINGl INTERNAL TANK CLEANING SHALL BE IN ACCOROANCE 
W I T H  VENM)R PROCESS SPECIFICATIONS AS REQUIRED FWI HELl.UM 
USAGE. 

LlAFMING: THE FOLLOWING INFORMATION SHALL BE ADDED TO THAT A REQUIRED BY THE ASME COOE ON A PERMANENTLY ATTACHED METAL 

b A c  DWG NO. 708373007 
CONTRACT NO. 22X-21-haPr 

OCATED AS SHOWN: 

ITER TO I 

CUTLET WELD NIPPLE SHALL BE SA 304 L STAINLESS STEEL. 3.0 A a, .503 WALL THICKNESS. 
84. Y A M  SHALL BE OEL~VEAED WITH A SPARE SET OF SEALS AND GASKETS- 

. . . . . - -- - . . . . .  - . -  U 
~- . 

S P E C I F I C A T I O N  CONTROL DRAWING 
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