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 1 
1.0 INTRODUCTION 2 
 3 
Liquid cryogenic targets are frequently used in fixed target experiments and beamlines. Typically 4 
these targets are filled with hydrogen or deuterium.  The hazards posed by these targets include 5 
the normal cryogenic hazards, pressure safety considerations, as well as the hazards associated 6 
with flammable gases.  Targets are generally fragile vessels installed in the midst of experiment 7 
apparatus. Frequently, the experiment requirements are at odds with normal engineering practices, 8 
e.g. standard pressure vessel safety factors vs. the need for vessel walls as thin as possible. 9 
Therefore, special precautions are necessary to ensure safe operation.  These precautions take the 10 
form of specialized methods for design, fabrication, testing, secondary containment, personnel 11 
access, and stringent requirements on material specification and quality control.  These techniques 12 
have been developed over many years within the Particle Physics Division Mechanical 13 
Engineering Department.  These techniques and technical requirements are specified in the 14 
technical appendix to this Chapter (5032.2TA). Though the technical appendix 5032TA is specific 15 
to liquid hydrogen targets, many of its considerations apply to targets for other liquids. 16 
 17 
Procedures for controlling normal cryogenic hazards associated with cryogenic targets are given 18 
in Chapter 5032 of the Fermilab ES&H Manual. Chapter 5032, in concert with this chapter, serves 19 
to define all requirements for design, review, approval and operation of liquid cryogenic targets. 20 
 21 
2.0 DEFINITIONS 22 
 23 
Cryogenic - at a temperature below -150oC. 24 
 25 
Cryogenic target – A vessel of any size holding a cryogenic liquid used in an experiment or 26 
beamline as a target. 27 
 28 
Cryogenic personnel – Those engaged in or responsible for the production, use, transport or storage 29 
of cryogenic fluids and materials. 30 
 31 
Review Panel – The Fire Safety Subcommittee, or panel designated by the Fire Safety 32 
Subcommittee  33 
 34 
Safety Report – A written analysis demonstrating the target meets the requirements of 5032 and 35 
its technical appendix 5032.2TA. 36 
 37 
3.0 RESPONSIBILITIES 38 
 39 
The D/S/P responsible for the area of operation of the target is responsible for ensuring the 40 
requirements of this chapter are met.  The D/S/P head shall arrange for the review of the target by 41 
the Fire Safety Subcommittee (or designated panel), hereafter  referred to as the "Review Panel"). 42 
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The head shall certify that the target complies with this chapter by a written memo authorizing the 43 
operation of the target. 44 
 45 
The Review Panel is responsible for verifying that the target meets the engineering requirements 46 
specified in the technical appendix to this chapter (5032.2TA). 47 
 48 
The department head responsible for the design of the target shall ensure that the safety report is 49 
maintained and filed for future reference. 50 
 51 
The ES&H Section shall audit divisions/sections on their compliance with this chapter. 52 
 53 
The Review Panel shall serve the division/section head and the ES&H Section in a consulting 54 
capacity in all matters related to cryogenic targets. These committees may recommend appropriate 55 
modifications to this chapter as necessary. Changes in this chapter may be recommended by the 56 
FESHCom after consultation with affected division/section heads. 57 
 58 
4.0 REQUIREMENTS 59 
 60 
4.1 Design, Fabrication and Testing 61 
 62 

a. The requirements of FESHM chapter 5032.2TA shall be adhered to. 63 
 64 
4.2 Safety Analysis and Review 65 
 66 

a. A safety analysis and review in accordance with Chapter 5032 of the Fermilab ES&H 67 
Manual shall be performed on every cryogenic target system. Those responsible for the 68 
design, fabrication, testing, installation, and operation of the target system shall prepare 69 
the safety analysis in accordance with the technical appendix of Chapter 5032. The 70 
analysis shall be reviewed by the Review Panel, and conclusions reported to the 71 
appropriate division/section head. 72 

 73 
b. The safety review of the cryogenic target shall be conducted using the procedure given 74 

in the technical appendix to Chapter 5032. The review will begin as early in the 75 
conceptual design stage as deemed appropriate by the designer of the target system and 76 
the Review Panel chair. The documentation specified in Chapter 5032TA, and detailed 77 
in Part 5 below, shall be provided to the Review Panel following a schedule which will 78 
permit a thoughtful and unhurried review. The target designers and the Review Panel 79 
should meet at a frequency which will facilitate the review process. 80 

 81 
c. A Target Safety Report shall be maintained for each target system. This Report shall 82 

contain all required documents and any other documents considered appropriate by the 83 
Review Panel. 84 

 85 
  86 
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4.3 Authorizations and Permits 87 
 88 

a. The safety review of the target system will result in several milestones at which the target 89 
designers will be given authorization to proceed. At least the following four milestones 90 
shall be present in the review process: 91 

 92 
Milestone Authorizing 

Person 
Authorizing Vehicle 

Accept Design Review Panel Chair Teamcenter workflow 
review/approval of 
design drawing and/or 
documentation  

Testing with cryogens in 
test facility 

Department Head Memo or email 

Installation Department Head Memo or email 

Operation Division/Section Head Memo or email or 
online ORC tool 

 93 
4.4 Operation 94 
 95 

a. Operating procedures shall be documented in the Target Safety Report. Operating 96 
procedures define all phases of cooldown, filling, warm-up and steady-state operations. 97 
Sub-atmospheric operation of a target must be specifically addressed in the procedures 98 
by a combination of administrative and engineered controls.  All operating functions 99 
except transferring liquid from the target to the reservoir shall be done by qualified 100 
cryogenic personnel.  The transfer of liquid to the target vessel or the reservoir may be 101 
performed by other suitably trained personnel (i.e. experimenters). 102 

 103 
b. Emergency procedures for each target system will vary depending on the area in which 104 

the target is operated.  Therefore, area specific procedures shall be written, reviewed and 105 
documented in the Target Safety Report.  Operators of the target shall be provided with 106 
a call-in list of qualified personnel who are available at all times. 107 

 108 
4.5 Target Safety Report 109 
 110 

a. The Target Safety Report is the primary means of transmitting safety information about 111 
the target to the Review Panel.  The Target Safety Report shall be provided to each 112 
member of the Review Panel.  The target designer shall maintain the Target Safety Report 113 
which contains i) all required documentation and ii) all correspondence to/from the 114 
Review Panel, and iii) notes from meetings held when applicable.  The Target Safety 115 
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Report shall be uploaded, stored, and maintained within Teamcenter and shall be 116 
reviewed/approved and revision controlled using the Teamcenter workflow process. 117 

 118 
b. The Target Safety Report shall contain all of the required documents of Chapter 5032TA,  119 

including the following: 120 
1. Structural calculations on all parts of the target 121 
2. Venting calculations for the target 122 
3. Venting calculations for the vacuum space 123 
4. Venting calculations for the secondary containment 124 
5. Complete drawings of the target, vacuum system and secondary containment 125 
6. Instrument and valve summary 126 
7. Interlock list 127 
8. Operating procedures 128 
9. Emergency procedures 129 
10. Operational call-in list 130 
11. Material certification data on parts 131 
12. FMEA, what-if analysis 132 
13. Flow diagram 133 
14. Testing results 134 

 135 
4.6 References 136 

a. FESHM 6013 FIRUS. , section 4.10.1 as applicable for experiment gas detection. 137 
b. FESHM 6020.3: Storage and Use of Flammable Gases 138 
c. FESHM 4240: Oxygen Deficiency Hazards 139 

 140 
 141 

http://esh-docdb.fnal.gov/cgi-bin/RetrieveFile?docid=535&filename=FESHM%206013.pdf&version=4
http://esh-docdb.fnal.gov/cgi-bin/RetrieveFile?docid=409&filename=FESHM%206020-3.pdf&version=6
http://esh-docdb.fnal.gov/cgi-bin/RetrieveFile?docid=387&filename=FESHM%20Chapter%204240-%20Oxygen%20Deficiency%20Hazards%20%28ODH%29%20%28Work%20Smarts%20Standard%29%20Jan%202015%20%281%29.pdf&version=14


 
ES&H Manual FESHM 5032.2 TA 

July 2021 

   

Fermilab ES&H Manual 5032.2-7 
WARNING:  This manual is subject to change. The current version is maintained on the ES&H Section website. Rev. 
07/2021 
 

5.0 Technical Appendix for: 142 
 143 
GUIDELINES FOR THE DESIGN, FABRICATION, TESTING, 144 
INSTALLATION AND OPERATION OF LH2 TARGETS 145 

 146 
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 153 

I. SCOPE 154 
These guidelines apply to the design, fabrication, testing, installation and operation of all liquid 155 
hydrogen and deuterium targets at Fermilab regardless of capacity, site of installation, duration 156 
of use, origin of manufacture, or previous use at Fermilab or other experimental facility. These 157 
guidelines are not intended to cover in detail all possible target configurations or installations, 158 
but rather to provide minimum requirements and recommendations which experience and 159 
analysis have shown helpful in ensuring the safety of hydrogen target systems. Portions of these 160 
guidelines may also be recommended as good practice for inert gas/liquid target systems. 161 
To aid in understanding the terminology and equipment associated with these systems, a typical 162 
flow schematic is shown in Appendix I. Although most target systems are unique, the general 163 
components which are used are usually quite similar. 164 
 165 

II. DESIGN, FABRICATION AND TESTING 166 

II.A. Refrigeration System II.A.1. 167 

Refrigeration System Design 168 
 169 
II.A.l.a. General Requirements 170 
All liquid hydrogen targets must be refrigerated. The use of batch filling is prohibited due to the 171 
inherent danger of handling the large amounts of liquid hydrogen associated with this practice. 172 
Most target systems are refrigerated with a Gifford-McMahon refrigerator. However, some 173 
systems may require direct heat exchange with liquid helium, other cryogens, or a larger 174 
refrigerator to operate properly. 175 
 176 
II.B. Reservoir Vessel 177 
 178 
II.B.1. Reservoir Vessel Design 179 
 180 
II.B.l.a. General Requirements 181 
The refrigerator reservoir vessel shall have a capacity equal to the total volume of the target 182 
flask and piping plus an excess volume. The excess volume is required to prevent liquid from 183 
contacting the refrigerator condensing plate while operating in the target (flask) empty mode. 184 
Many previous target systems utilizing reservoirs have had reservoir vessels with a six-inch 185 
diameter. In this case, the excess volume is approximately one liter providing a two-inch 186 
clearance between the liquid and the plate. For other reservoir diameters, the excess volume 187 
must also provide a minimum two-inch clearance between the liquid and the plate. The piping 188 
volume shall include all vent and fill pipes from the base of the reservoir to the bottom of the 189 
target flask. 190 
 191 
II.B.1.b. Materials 192 
 193 
II.B.1.b.(i) Recommended Materials 194 



 
ES&H Manual FESHM 5032.2 TA 

July 2021 

   

Fermilab ES&H Manual 5032.2-9 
WARNING:  This manual is subject to change. The current version is maintained on the ES&H Section website. Rev. 
07/2021 
 

The recommended materials from which the reservoir vessel shall be made are the 300 series 195 
(austenitic) stainless steels. The vessel may be manufactured from raw material or an existing 196 
container (e.g., laboratory beaker) may be modified to form the vessel. 197 
 198 
II.B.l.b.(ii) Quality Control 199 
The raw material used for vessel manufacture shall meet the quality control requirements for 200 
metals given in II.C.I.b.(ii). Existing containers shall be shown to be fabricated from 300 series 201 
stainless steel. 202 
 203 
II.B.l.c. Stress Analysis 204 
 205 
II.B.1.c. (i) General Requirements 206 
A stress analysis of the reservoir vessel shall be performed which considers the stresses 207 
produced by pressure, dead weight, cool down, and any other system of thermal or mechanical 208 
loads to which the reservoir may be subjected. All calculations shall be included in the Target 209 
Safety Report. The maximum allowable working pressure for the design of the reservoir shall 210 
be greater than or equal to the working pressure of the target flask it is to be operated with. 211 
 212 
II.B.1.c.(ii) Procedures 213 
The procedures of the ASME Boiler and Pressure Vessel Code, Section VIII, Div. 1 (hereafter 214 
called the Code) shall be followed where possible in the stress analysis of the reservoir vessel. 215 
Where the Code does not provide sufficient guidance, good engineering judgment shall be used 216 
to establish a safe analytical approach for stress analysis. 217 
 218 
II.B.1.c. (iii) Allowable Stresses 219 
Allowable stresses shall be 80% of those specified in the Code for recommended materials at 220 
room temperature. 221 
 222 
II.B.2. Reservoir Vessel Fabrication 223 
 224 
II.B.2.a. General Requirements 225 
Fabrication shall be according to the procedures and details specified in the Code, wherever 226 
practical. Alternate fabrication techniques, shown to produce a vessel which performs 227 
predictably under operating and emergency conditions, may also be used. These alternate 228 
techniques should include exercising the requirements of II.B.3.d. 229 
 230 
II.B.3. Reservoir Vessel Testing 231 
 232 
II.B.3.a. General Requirements 233 
Testing shall be performed on the reservoir vessel to verify the integrity of the vessel under all 234 
anticipated operating and emergency load conditions and complete records of all testing shall 235 
be maintained in the target logbook. 236 
 237 
ILB.3.b. Leak Testing 238 
The reservoir shall be leak tested with a helium leak detector and no leaks shall be detected on a 239 
scale with a minimum sensitivity of 10-9 atm-cc/sec. Leak testing is done after all fittings and 240 
feedthroughs are welded and soldered in place. 241 
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 242 
II.B.3.c. Non-Destructive Pressure Testing 243 
All reservoir vessels shall be pressure tested according to the procedures of UG-100 of the 244 
Code. 245 
 246 
II.B.3.d. Strength Testing 247 
Reservoir vessels which can be designed in close agreement with the procedures of 1I.B.l.c. 248 
need not have additional strength testing. Other vessels whose design, stress analysis or 249 
fabrication deviates from these procedures, including those vessels whose fabrication involves 250 
cold working which might significantly alter the properties, residual stresses, or load carrying 251 
characteristics of the reservoir vessel, shall be subjected to additional testing. Vessels having a 252 
diameter of six inches or less shall be hydrostatically tested according to UG-99 of the Code 253 
except that the test pressure shall be equal to at least five times the relief pressure of the reservoir 254 
vessel. Vessels with diameters exceeding six inches shall undergo a burst test according to the 255 
requirements of UG-101 of the Code. 256 
 257 
II.C. Target Flask 258 
 259 
II.C.1. General Requirements 260 
Target flasks which will be filled with liquid deuterium rather than liquid hydrogen must take 261 
account of the extra weight in the design procedure. Because of concerns about mylar material 262 
degradation, all new experiments will begin runs with new target flasks. Experiments spanning 263 
multiple runs must have its Mylar flask material tested to assure its integrity. A square yard of 264 
Mylar from the roll from which the target was fabricated from will be saved in a secure area. 265 
Every six months during a long run, samples of this material will be tested as a measure of the 266 
possible degradation of the material in the target. If evidence of degradation of material is seen, 267 
then the evidence is brought to the attention of the Review Panel. 268 
 269 
II.C.1.a.(i) Maximum Pressure Differential 270 
The target flask shall be designed for a maximum allowable working pressure of at least 25 271 
psid. 272 
 273 
II.C.1.a.(ii) Liquid Hydrogen Capacity 274 
The target flask shall not be limited in minimum or maximum liquid hydrogen capacity. 275 
 276 
II.C.1.b. Materials 277 
 278 
II.C.1.b.(i) Recommended Materials 279 
The materials recommended for target flasks are polyester film (Mylar), polyimide film 280 
(Kapton), 300 series stainless steel, aluminum and copper. There is extensive experience in the 281 
application of these materials to hydrogen targets. Other materials may be used provided that 282 
adequate cryogenic behavior is documented, fabrication methods are in accordance with good 283 
engineering practice, and the completed flask satisfies the requirements of this section and 284 
II.C.3. 285 
 286 
II.C.1.b.(ii) Quality Control 287 
The material from which the flask is constructed shall be verified as follows: 288 
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 289 
Plastic Film: On receipt of every new roll and prior to each new run, a sample from the 290 
beginning of each bulk roll of material from the manufacturer shall be tested for yield strength 291 
according to the test methods given in Appendix II to assure that the minimum manufacturers 292 
specification is met. The rolls shall be labeled with the date of purchase and the yield strength. 293 
They shall be stored with orderly inventory control in a dark room to avoid deterioration by 294 
ultraviolet radiation. 295 
 296 
Metals: A manufacturer's material certification sheet showing the composition, yield strength and 297 
ultimate strength of the material shall be obtained and a copy shall be included in the Target 298 
Safety Report. 299 
 300 
Other Materials: For other materials a quality control procedure will be written and approved as 301 
is done for plastic film. The primary objective is to verify that the material possesses known 302 
properties, and that the target was actually manufactured from material for which documented 303 
properties exist. 304 
 305 
II.C.1.b.(iii) Radiation Damage Limits 306 
Mylar may be used in any target which will be exposed to less than 108 rads of absorbed energy. 307 
Kapton may be used for any radiation exposure of a target less than 109 rads. All targets that 308 
will be exposed to radiation greater than 109 rads must be fabricated from a metal consistent 309 
with II.C.l.b.(i). 310 
  311 
II.C.1.c. Stress Analysis 312 
 313 
II.C.1.c.(i) General Requirements 314 
A stress analysis of the flask shall be performed which considers the stresses produced by 315 
pressure, dead weight, cooldown, and any other system of thermal or mechanical loads to which 316 
the flask may be subjected. All such calculations shall be documented and included in the 317 
Target Safety Report. 318 
 319 
II.C.1.c.(ii) Procedures 320 
The design procedures of the Code shall be followed wherever possible in the stress analysis of 321 
the target flask. Where this Code does not provide sufficient guidance, good engineering 322 
judgment shall be used to establish a safe analytical approach for determination of the stress. 323 
 324 
II.C.1.c.(iii) Allowable Stresses 325 
The maximum allowable stress in tension in the target flask material at the MAWP of II.C.l. and 326 
in combination with other operational loads shall be less than the limits specified below: 327 
 328 
Plastic Films: (2/3)Sy, where Sy is the yield strength at 5% permanent offset for plastic film at 329 
room temperature. 330 
 331 
Metals: (2/3)Sy or (1/4)Su, whichever is smaller, where Sy is the minimum specified yield 332 
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strength of the material at room temperature, and Su is the minimum specified ultimate strength 333 
of the material at room temperature. 334 
 335 
Other Materials: As for metals, except that if the material has known sensitivity to other failure 336 
modes such as brittle fracture at low temperatures, good engineering judgment shall be used to 337 
ensure that a minimum safety factor of at least 4 is maintained with respect to these modes. 338 
 339 
II.C.2. Target Flask Fabrication 340 
 341 
II.C.2.a. General Requirements 342 
A logbook shall be maintained during flask construction noting the material used, and the 343 
drawings from which the flask is fabricated. The log shall also contain detailed accounts of the 344 
steps of fabrication, noting material dimensions, condition, and other characteristics of material 345 
and workmanship as might be relevant in assuring the integrity of the flask. 346 
 347 
II.C.2.b. Plastic Flasks 348 
 349 
II.C.2.b.(i) Joint Tolerance 350 
All adhesive joints are to be designed as slip fits (approximately 0.001 inches) to minimize the 351 
thickness of the epoxy bond. Experience has shown that bonds thicker than 0.003 in. are prone to 352 
fracture at cryogenic temperatures. 353 
 354 
II.C.2.b.(ii) Joint Design 355 
All joints are to be designed such that the force on the mating members place the epoxy bond 356 
under pure shear when the flask is pressurized. The following table specifies the overlap of 357 
material required for the bonding of longitudinal seams in cylindrical shells and the attachment 358 
of dished heads to cylindrical shells to ensure that the adhesive bond can develop the full strength 359 
of the parent material: 360 
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Flask Diameter  Overlap 361 
(inches) (inches) 362 
up to 1 0.250  363 
1.0-2.0 0.375 364 
2.0-3.0 0.500 365 
3.0-4.0 0.625 366 
4.0-8.0 0.750 367 

 368 
These joint dimensions are the same for any Mylar film thickness. 369 
 370 
II.C.2.b.(iii) Joint Preparation 371 
All mating surfaces must be sandblasted using aluminum oxide powder. The SS White 372 
Industrial Co. sandblaster with No. 3, 50-micron aluminum oxide powder, is recommended. After 373 
sandblasting and just prior to bonding, the surfaces are to be cleaned with reagent grade acetone. 374 
Care must be taken to keep the surfaces as clean as possible prior to bonding. 375 
 376 
II.C.2.b.(iv) Recommended Adhesives 377 
The recommended resins are Shell Epon 828 or 815, and the recommended curing agents are 378 
Epon V40 or V25. The resin and curing agent are mixed in a 1/1 ratio by weight. By using 379 
different combinations of resin and curing agent it is possible to achieve the proper viscosity for 380 
the various joints made in flask fabrication. The epoxy and curing agent must be within the 381 
manufacturer’s dated shelf life. Care must be taken to thoroughly mix the epoxy before 382 
applying. After the joint is made and before curing, any excess epoxy is removed from the joint. 383 
 384 
II.C.2.b.(v) Curing 385 
All epoxy joints must be allowed to cure undisturbed for 16 hours at room temperature and then 386 
placed in an oven for 4 hours at 150 deg. F. 387 
 388 
II.C.2.b.(vi) Artificial Seams 389 
All flasks will distort upon cooldown, but for flasks greater than one foot in length the distortion 390 
may be excessive. It has been found that the bonding of a Mylar strip of a width equal to the 391 
actual seam and on the opposite side of the flask body from the actual seam will produce an 392 
artificial seam with a compensating contraction which removes thermal distortion on cooldown. 393 
 394 
II.C.2.b.(vii) Dished Heads 395 
It is recommended that the dished heads of the flask meet the requirements of UG-32 of the 396 
Code. The recommended fabrication procedure is detailed in Appendix III. Geometries other than 397 
those permitted by the Code may be used subject to verification by analysis and testing as 398 
provided by these guidelines. 399 
 400 
II.C.2.b.(viii) Joint Inspection 401 
All epoxy joints are to be inspected after fabrication. Joints having voids, excess thickness of 402 
epoxy, or insufficient overlap are to be discarded and redone. 403 
 404 
II.C.2.c. Metal Flask 405 
 406 
II.C.2.c.(i) Joint Design 407 
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It is usually not possible to make welded butt-type joints in metal flasks because the shells and 408 
heads must be very thin. Therefore, soldering of lap joints with a 60/40 solder and MA stainless 409 
steel flux from Lake Chemical Co., Chicago, IL; is the recommended method of fabrication. 410 
After soldering, all joints should be washed with 10% solution of ammonium 411 
hydroxide in water. 412 
The following table specifies the required material overlaps for soldered joints: 413 
Flask Diameter Overlap 414 
(inches) (inches) 415 
up to 2.0 in. 0.25 416 
2.0 in. and larger 0.50 417 
 418 
Joint thickness must be less than .010 inch on the solder. Any excess solder is to be removed 419 
during the soldering operation. 420 
 421 
The Joint Efficiency used in calculating the flask stresses may be assumed equal to one with 422 
appropriate testing to support this assumption. A minimum of five samples must be shown to 423 
consistently fail at a stress greater than the material strength (allowable strength times the 424 
appropriate safety factor, see paragraph II.C.l.c.(iii)) assumed in the flask stress calculations. 425 
Testing of the metal samples with soldered lap joints shall be performed in the same manner as 426 
outlined for plastic samples with epoxy joints in Appendix II. 427 
 428 
II.C.2.c.(ii) Dished Heads 429 
Dished heads for metal flasks shall be in accordance with II.C.2.b.(vii). 430 
 431 
II.C.2.d. Thermal Standoff and Alignment 432 
The target flask must be held stationary and in proper alignment to function adequately as an 433 
experimental target. The mounting device must provide for adjusting position of the flask as 434 
well as thermally isolating it from the vacuum container. A G-10 triangle and ring assembly, 435 
detailed in Appendix IV, has been used successfully on many targets and is recommended for 436 
this purpose. 437 
 438 
II.C.2.e. Provision for Thermal Contraction 439 
It is necessary to allow for the thermal contraction between the supply and return hydrogen 440 
piping and the stationary flask. It is recommended that a bellows of 300 series stainless steel with 441 
a pressure rating of at least 75 psig be placed between the flask pipes and the refrigerator piping 442 
to accommodate relative contraction. 443 
 444 
II.C.2.f. Installation of Resistor Temperature Sensors 445 
There are two ways to install resistors depending on the material used in the flask body support. 446 
When a Vespel flask support is used, holes 0.002 in. larger than the resistor wire are drilled in 447 
the Vespel. The resistor wire is then coated with epoxy (specified in II.C.2.(iv)) and slipped 448 
through the hole and cured. When a stainless-steel flask support is used, a suitable double pin 449 
Kovar and glass cryogenic single feedthrough must be used to place the resistor inside the flask. 450 
These connectors are soldered into the flask support using 60/40 solder and MA stainless steel 451 
flux. 452 
 453 
II.C.2.g. Multi-Layer Insulation 454 
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All flask and piping is to be insulated with at least 10 layers of 0.00025 in. thick aluminized 455 
Mylar, applied one layer at a time. Care must be taken to cover all surfaces to minimize heat 456 
leak. It is recognized that some physics applications preclude the use of aluminized Mylar on the 457 
flask. In these cases, plain Mylar has been shown to be of some benefit in reducing the radiation 458 
heat load. However, the heat load on the system is considerably higher than when aluminized 459 
Mylar is used, and the refrigeration system must be sized accordingly. 460 
 461 
II.C.2.h. Piping and Transitions 462 
Care must be taken when making transitions between stainless steel piping and plastic piping, 463 
such as nylon, phenolic, or G-10 due to the difference in thermal contraction which can cause 464 
the fracture of bonded joints. It is recommended that a transition piece be made from Vespel 465 
which bonds to the outside of both components. This joint is sandblasted and bonded with the 466 
epoxy specified in II.C.2.b.(iv) and cured as specified in II.C.2.b.(v). Other pipe joining 467 
techniques may be used if their adequacy can be demonstrated through testing. An example is 468 
shown in Appendix VIII. 469 
 470 
II.C.3. Testing 471 

II.C.3.a. General Requirements 472 

II.C.3.b. Standalone Testing 473 
 474 
II.C.3.b.(i) Cold Pressure Tests 475 
Plastic Flasks:  A duplicate of the target flask shall be burst at approximately 80 K to verify 476 
that the burst pressure is greater than 40 psid. 477 
Metal Flasks: If the flask has been designed to a maximum allowable working pressure 478 
(MAWP) according to the rules of the Code, and if there is agreement among the designers and 479 
Target Safety Review Panel on the analysis details not directly covered by the Code, then the 480 
flask shall be tested at 1.5 times the MAWP at approximately 80 K.  If there is disagreement or 481 
uncertainty concerning details of the design, then a duplicate of the flask shall be proof tested 482 
in accordance with UG- l01 of the Code. 483 
 484 
II.C.3.b.(ii) Tests at Room Temperature 485 
The target flask shall be pressure tested in accordance with UG-100 of the Code. 486 
 487 
II.C.4. Pressure Relief Devices 488 
 489 
II.C.4.a. General Requirements 490 
Each liquid hydrogen target flask must be protected by a safety relief valve.  Two valves, one on 491 
the fill tube and one on the vent tube are recommended.  The primary relief device should be 492 
connected to the vent line.  Each flask not connected by common piping must have a relief system. 493 
If possible, a venting device should be installed to prevent use of the primary relief device for 494 
standard venting purposes. 495 
 496 
II.C.4.a.(i) Relief Pressure 497 
Hydrogen targets with plastic flasks must be relieved at 10 psig (25 psid). Metal flasks shall be 498 
relieved in accordance with the relief requirements of UG-125 of the Code. 499 
 500 
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II.C.4.a.(ii) ASME Code Stamped Relief Valves 501 
It is recommended that relief valves "UV" stamped to show compliance with Code 502 
requirements be used wherever possible. It is recognized that Code stamped valves are not 503 
available for relief pressures less than 15 psig. 504 
 505 
II.C.4.a.(iii) Relief Valve Sizing 506 
Relief valves shall be sized for the maximum heat flux produced by air condensation on the 507 
bare (i.e., non-multilayer insulated) target flask at atmospheric pressure.  Calculations 508 
demonstrating the adequacy of the relief valve system shall take into account the pressure drop 509 
of the connecting tubing and entrance/exit losses.  The calculations shall be clearly documented 510 
and included in the Target Safety Report.  All relief valves used on the target flask must be bench 511 
tested before installation to determine the opening pressure. All valves for which there is no 512 
manufacturer's flow data shall also be flow tested to obtain a curve of pressure drop vs. flowrate.  513 
All valves shall be tested for back flow for the condition when the valve inlet is at a vacuum.  514 
All valve test results shall be recorded in the logbook for the target system and in the Target 515 
Safety Report. 516 
 517 
II.C.4.a.(iv) Relief Valve Installation 518 
Relief valves which vent into a secondary containment system shall exhaust above electrical 519 
equipment and instrumentation located in the secondary containment system. Any piping 520 
attached to the outlet of a relief device to meet this requirement must be considered when sizing 521 
the relief device. 522 
 523 
II.D. Vacuum System 524 
 525 
II.D.1. Vacuum System Design 526 
 527 
II.D.1.a. General Requirements 528 
The volume of the insulating vacuum space available for the release of hydrogen shall be at 529 
least 52 times the volume of the hydrogen liquid contained in the target flask. Hydrogen 530 
expands 52 times as liquid is vaporized to cold gas at atmospheric pressure. Sizing the vacuum 531 
space in this manner limits the maximum vapor evolution rate to be vented in a target flask failure. 532 
Where this is not possible, a detailed failure analysis of the "what if" type must be performed to 533 
demonstrate that liquid hydrogen released into the vacuum space will be vented in a safe and 534 
controlled way. In addition, the heat flux to the liquid hydrogen shall be in accordance with 535 
II.D.3.a for the purposes of calculating the vapor evolution rate. Nevertheless, failure of the 536 
vacuum system to contain the hydrogen must be assumed, and safety demonstrated by means 537 
of the emergency hydrogen containment system. 538 
The vacuum container of the target flask should have a vacuum common with that of the 539 
hydrogen condensing pot for purposes of simplicity, heat leak, and vacuum volume/flask volume 540 
ratio. 541 
 542 
II.D.1.b. Materials 543 
 544 
II.D.1.b.(i) Recommended Materials 545 
The materials recommended for vacuum containers are 300 series Stainless Steel or aluminum 546 
alloy 6061-T6 for those experiments which allow metals, and Rohacell foam for those which 547 
cannot. Experience has shown that these materials can safely accommodate the various 548 
geometries and installation details found in the vast majority of target systems. 549 
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 550 
II.D.1.b.(ii) Quality Control 551 
The material from which the vacuum container is constructed shall be verified according to 552 
II.C.I.b. 553 
 554 
II.D.1.c. Stress and Stability Analysis 555 
 556 
II.D.I.c.(i) General Requirements 557 
A stress analysis of the vacuum container shall be performed which considers the stresses 558 
produced by pressure, dead weight, and any other system of thermal or mechanical loads to which 559 
it may be subjected. All such calculations shall be clearly documented and included in the 560 
Target Safety Report. The MAWP of the vacuum vessel shall be at least 15 psig internal. 561 
 562 
II.D.1.c.(ii) Procedures 563 
It is recommended that the design procedures of the Code be followed wherever possible in the 564 
stress analysis of the vacuum container. For geometries where elastic collapse is a possible 565 
failure mode, and Code designs do not apply, non-Code designs may be used if it is 566 
experimentally demonstrated that the collapse pressure is at least 25 psid. In the case of foam 567 
vacuum shells, experimental verification of collapse is required due to the absence of Code 568 
guidelines for such materials. 569 
 570 
II.D.1.c.(iii) Allowable Stresses 571 
Rohacell: Due to the variation of strength with the direction of loading, and the tendency for 572 
foam plastics to exhibit little elongation prior to failure, the allowable stress shall be taken as 0.25 573 
times the appropriate ultimate stress as given by the manufacturer. For example, if the critical 574 
calculated stress is a bending stress, then the allowable stress is 0.25 times the flexural strength 575 
of the Rohacell. If the critical stress is a compressive membrane stress, the allowable stress is 576 
0.25 times the compressive strength of the Rohacell, etc. 577 
 578 
Metals: The allowable stresses for metals shall be those given in II.C.1.c.(iii) for metal flasks. 579 
 580 
II.D.2. Vacuum System Fabrication 581 
Fabrication shall be according to the procedures and details specified in the Code, wherever 582 
possible. Alternate fabrication techniques, shown to produce a vessel which performs 583 
predictably under operating and emergency conditions, may also be used. 584 
Foam vacuum vessels are fabricated from several pieces of Rohacell foam laminated with 585 
epoxy and machined to final shape. Complete construction details are given in Appendix V. 586 
 587 
II.D.3. Pressure Relief Devices 588 
 589 
II.D.3.a. General Requirements 590 
Every vacuum vessel for a hydrogen target must be fitted with a pressure relief device capable of 591 
limiting the internal pressure in the vacuum vessel to less than 15 psig following a flask rupture 592 
and subsequent deposition of the flask contents into the vacuum space. Two relief devices are 593 
recommended for each vacuum system as good practice. One device shall be located on the 594 
vacuum space housing the target. The other one may be on the refrigerator vacuum can. For the 595 
purposes of calculation of vapor evolution rates, the heat flux to the liquid hydrogen shall be 596 
taken as 20W/cm2. For other fluids the vapor evolution rate is calculated by using the film boiling 597 



 
ES&H Manual FESHM 5032.2 TA 

          July 2021 

 

Fermilab ES&H Manual  5032.2TA-6 
WARNING:  This manual is subject to change. The current version is maintained on the ES&H Section website.  Rev. 07/2021 
 

heat flux for the fluid with a temperature difference from room temperature to the fluid normal 598 
boiling point temperature. Calculations shall take into account pressure losses from all 599 
connecting piping and entrance/exit losses. Calculations shall be clearly documented and 600 
included in the Target Safety Report. 601 
 602 
II.D.3.b. Recommended Pressure Relief Devices 603 
The recommended relieving device is a parallel plate relief assembly as detailed in Appendix VI. 604 
Commercial rupture disks or relief valves are also permitted, or any combination of the above. 605 
 606 
II.D.4 Vacuum System Testing 607 
 608 
II.D.4.a. Internal Pressure Testing 609 
The vacuum vessel shall be pressure tested with nitrogen gas in accordance with UG-100 of 610 
the Code. All windows shall be in place, but relief devices may be blanked off. 611 
 612 
II.D.4.b. External Pressure Testing 613 
An external pressure test shall be performed on all foam plastic vacuum vessels. The vessel 614 
shall be placed in a sealed container, and a vacuum is drawn on the vessel. The pressure of the 615 
sealed container is then raised to 10 psig, resulting in an external pressure differential of 25 616 
psid. 617 
 618 
II.D.4.c. Leak Testing 619 
 620 
II.D.4.c.(i) Pressurize and Decay 621 
The vacuum vessel shall be pressurized to an internal pressure of 22.5 psig, allowed to equalize 622 
for several minutes, then isolated from the source of pressure. The pressure must remain 623 
constant over a 1/2 hr period as measured by a calibrated test gauge attached to the vessel. This 624 
ensures that there are no leaks under the positive pressures associated with fault conditions, and 625 
that the windows do not visibly creep under load. The test gauge used shall be a 1% accurate 626 
gauge capable of reading in 0.1 psi increments. 627 
 628 
II.D.4.c.(ii) Mass Spectrometer Leak Testing 629 
Following the above test, the vacuum container is leak tested in accordance with II.B.3.b. Care 630 
must be taken not to confuse permeation through the Mylar window (a normal phenomenon) with 631 
an actual leak. 632 
 633 
II.D.5. Instrumentation for Vacuum Readout 634 
 635 
II.D.5.a. General Requirements 636 
Vacuum sensors must be provided on the target vacuum container. The sensor must not be an 637 
ignition source. Capacitance type sensors have been used in several target systems. Other sensor 638 
types may be used and include those subject to certain requirements mentioned below. 639 
 640 
II.D.5.b. TC Gauges 641 
TC gauges may be used on the roughing pump or the forepump if solenoid valves on the vacuum 642 
container isolate these gauges should the vacuum in the target vacuum space get above 50 643 
microns Hg. Although a margin of safety can be demonstrated for TC gauges (report by C.T. 644 
Murphy, et al., June 16, 1987) they will not be attached to the vacuum container. 645 
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 646 
II.D.5.c. Discharge Gauges 647 
A discharge gauge is needed for diagnostics purposes since a typical capacitance manometer does 648 
not read below 10-3 mm Hg with a pressure rating comparable to the vacuum system MAWP. A 649 
discharge gauge can be used on the target vacuum system provided all items below are satisfied: 650 
 651 

A. It is on the diffusion pump side of the vacuum gate valve and the valve is interlocked 652 
to close at 50 microns. 653 

 654 
B. The AC power to the discharge gauge is interlocked to trip off at a vacuum greater 655 

than 50 microns. 656 
 657 

C. The discharge gauge is operated only during the presence of a qualified hydrogen 658 
target operator. 659 

 660 

II.E. Thin Windows for Vacuum Vessels 661 

II.E.1. Thin Window Design  662 

II.E.1.a. Materials 663 
 664 
II.E.1.a.(i) Recommended Materials 665 
The material recommended for thin windows is polyester film (Mylar). Extensive experience 666 
exists in the use of this film, and experimental studies of burst properties have demonstrated good 667 
ductility and consistency of burst pressure for a given thickness and diameter of window. 668 
Stainless steel, titanium, and other materials may be used provided the requirements of 669 
II.E.1.b.(i) and II.E.3.a. are met. 670 
 671 
II.E.1.a.(ii) Quality Control 672 
The material from which the windows are constructed shall be verified according to II.C.I.b.(ii) 673 
of this standard. 674 
 675 
II.E.l.b. Thickness 676 
 677 
II.E.I.b.(i) Circular Windows 678 
Mylar: The thickness of circular windows shall be no less than that calculated using: 679 

1
2

37.59 Et a
S

 =  
 

 680 

t = thickness of window, in. 681 
a = diameter of window measured at O-ring on flange, in. 682 
S = yield strength of window material at 5% permanent deformation, psi.  683 
E = Young's modulus of window material, psi. 684 

 685 
This thickness will give a working stress in the center of the window of 0.667S psi. at 15 psid. 686 
 687 
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Metals: The thickness of thin metal circular windows, with fixed and held edge conditions, 688 
shall be no less than that calculated using: 689 
 690 

34

1 2 1 24 2 2
5.33 2.6; where,  and 

1 1
qa y yK K K K
Et t t ν ν

 = + = =  − − 
 691 

t = thickness of window, in. 692 
q = actual pressure applied to window = 15 psid 693 
a = radius of window measured at flange edge radius, in. 694 
υ = Poisson's ratio 695 
E = Modulus of Elasticity, psi 696 
y = deflection of window at center, in. 697 

 698 
The above formula is to be used when the maximum deflection, y, exceeds one half the window 699 
thickness, t. Solve the formula for y and then obtain the stresses, σ, from the equation below.  700 
The edge and center window stresses are required to be less than or equal to the allowable 701 
strength of the material.  The allowable strength is to be taken as the smaller of 0.667 (yield 702 
strength) or 0.40 (ultimate strength). 703 

22

3 42 ; where, a y yK K
Et t t
σ  = +  

 
 704 

3 42
4(at edge)   and 0.476 

1
K K

ν
= =

−
 705 

3 4
3(at center)   and 0.976 

1
K K

ν
= =

−
 706 

For windows which are determined to have edge conditions other than fixed and held, the 707 
appropriate constants from Roark and Young for flat, circular plates with diaphragm stresses are 708 
to be used in the above formulas when the maximum deflection, y, exceeds one half the window 709 
thickness, t. See Chapter 10, Article 10.11 of the sixth edition.  The allowable strength is to be 710 
taken as the smaller of 0.667 (yield strength) or 0.40 (ultimate strength). 711 
 712 
Exception to the determination of the allowable strength is to be taken in cases where the 713 
window material is highly brittle. In these cases the allowable strength is to be decreased to 714 
compensate for the brittleness.  Note that the ductility of the material is to be considered at 715 
cryogenic temperatures as well as at room temperature. See also II.E.3.a. of this standard. 716 
 717 
Other materials: The above formulas may be used to calculate an initial thickness for other 718 
materials, with the substitution of the yield strength into the formula. However, final design shall 719 
be based upon burst testing consistent with II.E.3.a. 720 
 721 
II.E.I.b.(ii) Rectangular Windows 722 
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Mylar: The thickness of rectangular windows shall be no less than that calculated using: 723 
1
2

330.59 Et Ka
S

 =  
 

 724 

t = thickness of window, in. 725 
K = constant based on ratio a/b. See table below. 726 
S = yield strength of window material at 5% permanent deformation, psi  727 
E = Young's modulus of window material, psi. 728 
a = short side of rectangular window, measured at o-ring. 729 
b = long side of rectangular window, measured at o-ring. 730 

 731 
This thickness will give a working stress in the center of the window of 0.667S psi at 15 psig. 732 
 733 

Values of K for Rectangular Windows 734 
b/a K 

1.0 0.143 
1.1 0.162 
1.2 0.169 
1.3 0.178 
1.4 0.183 
1.5 0.189 
1.6 0.191 
1.7 0.195 
1.8 0.196 
1.9 0.198 
2.0 0.198 
3.0 0.203 

>3.0 0.203 

Adapted from Brookhaven National Laboratory Occupational Health and Safety Guide, Section 735 
1.4.2, "Glass and Plastic Window Design for Pressure Vessels" . 736 

Other materials: The formula may be used to calculate an initial thickness for other materials, 737 
with the substitution of the yield strength into the formula.  However, final design shall be based 738 
upon burst testing consistent with II.E.3. 739 
 740 
II.E.1.c. Multi-Layer Mylar Windows 741 
Mylar windows with a thickness greater than 0.010 in. shall have that thickness built up from 742 
multiple layers of Mylar, with no single layer more than 0.010 in. thick.  The overall thickness 743 
shall be no less than that calculated by the formulas of II.E.1.b. 744 
 745 
II.E.2. Thin Window Fabrication 746 
 747 
II.E.2.a. Mounting 748 
The mounting flange shall be made of aluminum alloy 6061-T6 with a thickness of not less than 749 
3/8 in. for windows <3.5 inches in diameter and 1/2 in. for windows >3.5 inches in diameter for 750 
both the fixed and loose portions of the flange.  The radius on the flange with which the window 751 



 
ES&H Manual FESHM 5032.2 TA 

          July 2021 

 

Fermilab ES&H Manual  5032.2TA-10 
WARNING:  This manual is subject to change. The current version is maintained on the ES&H Section website.  Rev. 07/2021 
 

comes in contact shall be 1/8 in. (Flange detail shown in Appendix VII.) Mounting bolts shall 752 
be 1/4-20 SS304 stainless steel spaced not more than 1.0 in. between centers. 753 
 754 
II.E.2.b. Multi-Layer Mylar Windows 755 
Multi-layer Mylar windows shall have the multiple layers bonded together along the edges 756 
only, with the bonded portion not extending beyond the radius portion of the window flange. 757 
Joints shall be fabricated as described in II.C.2.b. 758 
 759 
II .E.2.c.  760 
Joints for edge-bonded windows are critical and must be inspected for any voids, excessive 761 
thickness, or bonding beyond the edge area. Any of these will be cause for rejection of the 762 
window. 763 
 764 
II.E.3. Thin Window Testing 765 
 766 
II.E.3.a. General Requirements 767 
Windows constructed of Mylar need to be tested as a part of the general vacuum system 768 
pressure testing of II.D.4. It is required that they sustain 22.5 psid without rupture or measurable 769 
creep. Also, five samples must be burst tested to demonstrate a burst pressure of at least 37.5 psid 770 
for all samples. 771 
Windows constructed of metals with known properties must have at least five samples burst 772 
tested to demonstrate a burst pressure of at least 37.5 psid for all samples. Additional testing at 773 
cryogenic temperatures is encouraged for highly brittle materials. These windows are also tested 774 
as a part of the general vacuum system pressure testing and are required to sustain 22.5 psid. 775 
Windows constructed of other materials must have at least five samples burst tested to 776 
demonstrate a burst pressure of at least 75 psid for all samples. These windows are also tested as 777 
a part of the general vacuum system pressure testing and are required to sustain 22.5 psid. 778 
For all materials, the windows are discarded following their testing and new windows installed. 779 
 780 
II.F. External Piping and Valves 781 
 782 
II.F.1. Definition 783 
External piping and valves are defined as all piping outside the target vacuum vessel, including 784 
vacuum lines, helium lines, hydrogen lines, and vent lines. 785 
 786 
II.F.2. General Requirements 787 
 788 
II.F.2.a. Hydrogen System 789 
All hydrogen lines must be metal. The hydrogen supply cylinder shall be placed outdoors or, if 790 
indoors, in another suitable flammable gas storage area. A suitably sized excess flow valve must 791 
be installed in the hydrogen line before the line enters the building or leaves the flammable gas 792 
storage area. High pressure cylinders must have a regulator at the cylinder. The hydrogen 793 
supply line must have a relief valve sized to protect the target and purifier system at or below the 794 
maximum allowable working pressure of the purifier. The relief valve must be sized for the 795 
maximum flow rate the regulator is capable of delivering. The hydrogen piping system shall be 796 
pneumatically tested for leaks at approximately 0.9 times the relief pressure before operating 797 
the system. Any piping or system components with relief settings above 150 psig shall be tested 798 
at 1.25 times the relief pressure per Chapter 5034 of the Fermilab ES&H Manual. A leak test 799 
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using suitable means shall also be performed prior to operating the system. Test results shall be 800 
documented in the Target Logbook. 801 
Vent piping must be made from non-flammable materials. Sizing for the vent piping is 802 
determined by calculating the pressure drop in the vent from the maximum available flow from 803 
the target. Any instrument measuring flow in the vent piping must be explosion proof, or 804 
intrinsically safe as defined in Article 500 of the National Electric Code. Exterior vents must be 805 
protected from intrusion by rain, snow, animals, etc., by suitable means. 806 
 807 
II.F.2.b. Helium System 808 
Helium supply and return lines between the refrigerator and the compressor must be metal. The 809 
lines must have a maximum working pressure consistent with the discharge pressure of the 810 
compressor. For target refrigerators whose helium is supplied from a shared compressor, such as 811 
a beamline Mycom, the high-pressure supply line must have a remotely actuated shutoff valve 812 
controlled only by the target control system. The high- or low-pressure lines may have regulators 813 
or control valves as required for proper operation of the target refrigerators. 814 
The high-pressure supply line must be relieved at the maximum allowable working pressure of 815 
the refrigerator in all cases where the compressor discharge pressure may run higher than this. 816 
The relief valve capacity must be large enough to protect the refrigerator from a failure which 817 
delivers the full compressor flow to the refrigerator. Any piping with relief settings above 150 818 
psig shall be tested at 1.25 times the relief pressure per Chapter 5034 of the Fermilab ES&H 819 
Manual. 820 
For systems where it is anticipated that maintenance work will be done on the refrigerator while 821 
the compressor discharge is still at high pressure the high-pressure line must include a system 822 
of double block and bleed valves to isolate the refrigerator during the maintenance. One block 823 
valve may be the remotely actuated valve and one must be a manual valve. A pump and purge 824 
valve must also be supplied to repurge the refrigerator after maintenance. 825 
 826 
II.F.2.c. Vacuum System 827 
Vacuum hoses from the pump cart to the target must be metal. The internal MAWP of 828 
vacuum hoses may be no less than 40 psig. 829 
 830 
II.G. Secondary Hydrogen Containment System 831 
 832 
II.G.1. Secondary Hydrogen Containment System Design 833 
 834 
II.G.1.a. General Requirements 835 
The secondary hydrogen containment system is any enclosure or enclosures which contains and 836 
controls the release of hydrogen gas from the hydrogen target system in the event of a rupture of 837 
the vacuum container windows or vacuum container rupture relief system. 838 
As the "last line of defense" of a target installation, the secondary containment provides the 839 
protection for the Mylar vacuum windows as well as a final hydrogen venting path. During 840 
target operations, no one will be allowed into the secondary containment area with the only 841 
exception being that a qualified hydrogen target operator may be allowed to enter to carry out a 842 
specific task provided the task is documented by a written procedure and the procedure is 843 
approved in advance by the Target Review Panel. 844 
 845 
II.G.1.b. Electrical Equipment 846 
Electrical equipment inside the secondary containment enclosure must be one of the following: 847 
 848 
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1. Meet requirements of Class I, Div. 2, Group B of the National Electrical Code. 849 
2. Bagged and purged with inert gas. 850 
3. Intrinsically safe in a hydrogen atmosphere as defined in Article 500 of the National 851 
Electrical Code. 852 
 853 
II.G.1.c. Flexible Tenting 854 
 855 
II.G.1.c.(i) Recommended Materials 856 
It is recommended that for those systems where flexible tenting is used as a part of the 857 
containment system that the tent be constructed of Staph-CHEK, a reinforced PVC cloth 858 
manufactured by the Herculite Company, or other flame-resistant material. Also, for search and 859 
secure requirements, clear 1/4 inch Lexan Standard 9034 Sheet manufactured by General Electric 860 
is recommended. 861 
 862 
II.G.1.c.(ii) Quality Control 863 
The tent material shall be visually inspected for flaws. 864 
 865 
II.G.1.c.(iii) Seams 866 
Simple overlap seams 1.5 in. wide, bonded with PVC pipe adhesive are acceptable when 867 
assembling a tent from Staph-CHEK material. Double overlapped seams which are stapled are 868 
also acceptable. Seams in tenting material shall in any case be as strong as the material itself; 869 
i.e., the seam shall fail by tearing of material adjacent to the seam, and not a separation of the 870 
seam itself. Under no circumstances may a seam be sealed with a flammable material such as 871 
duct tape. 872 
 873 
II.G.1.d. Windows 874 
 875 
II.G.1.d.(i) General Requirements 876 
It is recommended that secondary containment systems made of flexible material be 877 
constructed without beam windows if possible.  Such windows are subject to both the internal 878 
pressure produced by hydrogen release and the pressure fluctuations resulting from failure of a 879 
vacuum vessel window, and in both cases, it is very difficult to analytically predict the probability 880 
of window survival.  In those cases where windows are necessary for reasons such as beam 881 
intensity or experimental needs, they shall be shown to survive the maximum possible tent 882 
pressure, as well as any effect associated with the rupture of vacuum windows. 883 
 884 
II.G.1.d.(ii) Search and Secure Requirements 885 
Search and secures of radiation areas are required in order to interlock them. Because hydrogen 886 
targets and their secondary systems are located within radiation areas, it is required that secondary 887 
containment systems which are sized for personnel access must be searched before interlocking 888 
the area is completed. 889 
 890 
In order to accommodate this requirement, clear Lexan Panels shall be installed on these 891 
secondary containment systems.  These panels are to be located and sized to provide adequate 892 
viewing of the secondary containment system interior for the search and secure teams.  It is 893 
preferred that such panels are located on a side of the secondary containment system other than 894 
the upstream or downstream side, relative to the beam direction.  It is recommended that the 895 
material used for this purpose be clear Polycarbonate Sheet (Lexan Standard 9034 Sheet, 896 
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manufactured by General Electric) at a thickness of 1/4 inch, or a similar material which meets 897 
or exceeds the strength and fire resistance properties of the above described polycarbonate.  All 898 
panel edges shall be mechanically secured to the tent frame. Additional cross members are to 899 
support the panels as required for expected pressure differentials across the walls of the tent 900 
constructed with Lexan.  Scenarios to consider include when a target vents due to a flask failure 901 
and when the secondary containment venting unit operates. 902 
 903 
II.G.2. Venting of the Containment Volume 904 
 905 
II.G.2.a. General Requirements 906 
The purpose of the vent is to contain hydrogen in the event of failure of the flask and vacuum 907 
vessel, so that it can be released in a safe area. Many different venting systems can be used 908 
depending on the area in which the target is installed and the secondary containment used. The 909 
vent must be of a fire retardant material and cannot contain ignition sources. In case of flask 910 
rupture venting of the hydrogen to a safe area outside the building is the preferred method; 911 
however, if it can be shown that the flask volume is small relative to the building size, then the 912 
hydrogen may be safely released into the building, subject to committee approval. 913 
 914 
If a blower is used in the venting system, its motor shall be external to the vent ducting flow path.  915 
Verification of the blower flow has been successfully determined with the use of a pitot tube 916 
installed in the vent ducting in previous liquid hydrogen target systems. 917 
 918 
II.G.2.b. H2 Detection System 919 
In cases where standard venting of the target contents causes a release of hydrogen or deuterium 920 
into the secondary containment, a flammable gas detector should be installed.  The detector 921 
should be placed above all hydrogen circuit relief and vent valves and should trigger the 922 
secondary containment venting unit to operate.  A sounding device, outside of and in the 923 
immediate vicinity of the secondary containment, shall also be triggered in the case that 924 
hydrogen or deuterium is detected. 925 
 926 
II.G.3. Vacuum Volume Tanks 927 
 928 
II.G.3.a. General Requirements 929 
Under certain circumstances, additional volume tanks may be added to the vacuum system in 930 
order to increase the total volume.  The goal is to size these tanks so that in the case of a rupture 931 
of the target flask the entire contents of the hydrogen system warmed to room temperature could 932 
be contained in the vacuum space without bringing the pressure in the vacuum system above 933 
atmospheric pressure.  The use of this method of secondary containment is generally limited by 934 
the size of the hydrogen flask. The use of an additional vacuum volume tank in lieu of a more 935 
conventional tent secondary containment must have the concurrence of the Target Safety 936 
Review Panel.  All vacuum tanks and connecting piping shall be made from metal materials 937 
such as 300 series stainless steel or aluminum. 938 
 939 
II.H. Target Support Stands 940 
 941 
II.H.1. General Requirements 942 
Target support stands shall be fabricated from nonflammable materials.  The recommended 943 
materials are metals such as stainless steel and aluminum. 944 
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 945 
II.H.2. Stress Analysis 946 
Calculations for the structural members shall be supplied in the target safety report. All loads 947 
seen by the target stand must be taken into account. 948 
 949 
II.H.3. Testing 950 
All target support stands will be load tested before installation of the target with a load 951 
equivalent to 125% of the weight of the target. The test will be documented in the target safety 952 
report. 953 
 954 
III. SYSTEM TESTING AND INSTALLATION 955 
 956 
III.A. Testing 957 
Before the target system may be installed in the experimental area, the complete system with all 958 
equipment to be used (with the exception of the secondary hydrogen containment system to be 959 
installed in the Experimental Hall) should be assembled and operated in a designated hydrogen 960 
test area. If this step in the testing process is not possible and the initial test of the system 961 
must be done in place, additional precautions must be taken to assure safety of personnel 962 
and equipment. These precautions must have the agreement of the Target Safety Review 963 
Panel prior to testing. During the test, data should be recorded on the cooldown and fill 964 
times and the time necessary to empty the target flask to the reservoir. The target system 965 
should be run for several days to determine its stability. The final test is a power failure 966 
simulation in which the main power to the system is turned off, causing the shut down of 967 
the vacuum and refrigeration systems. The pressure in the target shall be recorded to 968 
determine the maximum target pressure resulting from power failure. 969 
 970 
III.B. Installation 971 
After testing, the target system can be installed into the experiment. Care must be taken 972 
during transportation and installation to prevent damage to any part of the system. A 973 
target installation log shall be kept with a record of each installation step. 974 
Appropriate signs warning of the presence and danger of hydrogen shall be posted in 975 
all areas where the system equipment is located. In addition, a flashing blue light shall 976 
be installed in the target area. A second flashing blue light shall be installed in the area 977 
of the system equipment if the two areas are not adjacent. 978 
 979 
IV. SAFETY ANALYSIS AND REVIEW 980 
 981 
IV.A. General Requirements 982 
A safety analysis and review in accordance with Chapter 5032 of the Fermilab ES&H 983 
Manual will be performed on every target system operated at Fermilab. Those responsible 984 
for the design, fabrication, testing, installation and operation of the target system will 985 
prepare the safety analysis in accordance with the technical appendix of ES&H Manual 986 
Chapter 5032. The analysis will be reviewed by a safety Review Panel appointed in 987 
accordance with ES&H Manual 5032. The panel will report the conclusions of their 988 
review to the appropriate division or section head. 989 
 990 
IV.B. Safety Review Procedures 991 
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The safety review of the target system will be conducted following the procedure given 992 
in the technical appendix of ES&H Manual 5032. The review will begin as early in the 993 
conceptual design phase as deemed appropriate by the designer of the target system and 994 
the Review Panel chairman. The documentation specified in ES&H Manual 5032TA will 995 
be provided to the panel following a schedule which will permit a thoughtful and 996 
unhurried review. The target designers and the Review Panel will meet at a frequency 997 
which will facilitate the review process. 998 
A Target Safety Report shall be maintained for each target system. This Report shall 999 
contain the documents required in these guidelines and any other documents appropriate 1000 
to the safety review. 1001 
 1002 
IV.C. Authorizations and Permits 1003 
The safety review of the target system will result in several milestones which the target 1004 
designers will be given authorization to proceed. At least the following four milestones 1005 
will be present in each target system: 1006 

Milestone Authorizing Person Authorizing Vehicle 

To accept design Panel Chairman Memo or signed assembly drawing 

To begin test of system with 
H2 in test facility 
 

 Division Head Memo or endorsement 

To install Division Head Memo or endorsement 

To operate in experimental 
area 

Division Head Memo or endorsement 

 1007 

V. OPERATION  1008 

V.A. General Requirements 1009 
 1010 
V.B. Operating Procedures 1011 
Operating procedures shall be documented in the Target Safety Report. Operating 1012 
procedures define all phases of cooldown, filling, warmup, and steady-state operations. 1013 
Subatmospheric operation of a target must be specifically addressed by the procedures 1014 
by a combination of administrative and hardware controls. All operating data shall be 1015 
monitored by operations personnel as long as hydrogen is in the system. All operating 1016 
functions except transferring liquid from the target to the reservoir shall be done by 1017 
qualified personnel. The transferring of the liquid from the flask to the reservoir or vice 1018 
versa may be performed by suitably trained experimenters. 1019 
 1020 
V.C. Emergency Procedures 1021 
Emergency procedures for each individual target will vary depending on the area in which 1022 
it is operated. Therefore area-specific procedures will be written, reviewed, and 1023 
documented in the Target Safety Report. Operators of the target will be provided with a 1024 
call list of qualified personnel available at all times in case of emergency. 1025 
 1026 
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VI. Documentation Requirements  1027 

VII. VI.A. Target Safety Report 1028 
 1029 
VI.A.1. General Requirements 1030 
The Target Safety Report is the primary means of transmitting safety information about 1031 
a target to the Review Panel. A Report shall be provided to every member of the Review 1032 
Panel. The engineer of a target shall maintain the Target Safety Report which contains in 1033 
addition to the list below, a section with all correspondence to/from the safety panel, and 1034 
notes on any safety meetings held on the target when applicable. 1035 
 1036 
VI.A.2. Documentation Required 1037 
The documentation provided in the Target Safety Report should include, but is not 1038 
limited to the following. 1039 

1. Structural calculations on all parts of the target 1040 
2. Venting calculations for the target 1041 
3. Venting calculations for the vacuum space 1042 
4. Venting calculations for the secondary containment 1043 
5. Complete drawing set of target, vacuum system, and secondary containment 1044 
6. Instrument and valve summary 1045 
7. Controls logic listing 1046 
8. Operating procedures 1047 
9. Emergency procedures 1048 
10. Operational call-in list 1049 
11. Material certification data on parts 1050 
12. FMEA, what-if analysis 1051 
13. Flow diagram 1052 

 1053 

VI.B. Target Log Book  1054 

VI.B.1. General Requirements 1055 
A target logbook for each system should be maintained which provides additional back-1056 
up information on the design, fabrication, testing and operation of the target. All entries 1057 
must be legible, signed and dated. 1058 
 1059 
VII. Guideline Update Procedure 1060 
These procedures may be modified by recommendations from the Liquid Hydrogen 1061 
Safety Panel and submitted to the full Cryogenic Safety Subcommittee for approval. 1062 

 1063 
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 1075 
General Target System Components1076 



 
ES&H Manual FESHM 5032.2 TA 

          July 2021 

 

Fermilab ES&H Manual  5032.2TA-19 
WARNING:  This manual is subject to change. The current version is maintained on the ES&H Section website.  Rev. 07/2021 
 

Appendix II 1077 

Test Method for Thin Film Tensile Strength 1078 
 1079 
This appendix is based on ASTM Standard number D882-83. The purpose of this test 1080 
is to determine the tensile strength of thin films used in targets at room temperature. No 1081 
facility exists at Fermilab, at present, to test film strength cold. Should such equipment 1082 
become available, this appendix will be revised to include such tests. 1083 
 1084 
PREPARE THIN FILM STRIPS 1085 

1. Sample strips should be cut from the roll longitudinally (with the roll). This is 1086 
the preferred direction. Samples may be taken and tested from the other 1087 
direction for comparison, but sample orientation must be reported as one of the 1088 
results. 1089 

2. Hold film between cutting bars and cut shape with a smooth slice to prevent nicks. 1090 
Use double sided tape to hold the film. The shape is that shown in drawing 2727-MB-1091 
58066. 1092 

3. Inspect edges of the sample for nicks or flaws. Discard any with flaws. 1093 
4. Mask off the middle 4 1/8 inch of the film sample and sandblast the ends at 20 1094 

psig air pressure. 1095 
 1096 
PREPARE ALUMINUM BLOCKS 1097 

1. Cut blocks 2 1/2 inches long from 1/8 inches long 1 inch stock. 1098 
2. Break the edge that will face the film with 400 grit sandpaper. 1099 
3. Sandblast the bond surface at 80 psig air pressure. 1100 

 1101 
LAY-UP SAMPLES 1102 

1. Use fixture to insure 4 inch sample length and consistent clamping. 1103 
2. Lay a single bead of Zap CA (Pacer Tech) down the center of the bond area. 1104 
3. Bond the film sandwiched between two pieces of aluminum at each end. 1105 
4. Clamp sample in the fixture for 15 minutes. 1106 
5. Allow at least one hour for full cure before testing. 1107 
6. Number each sample. 1108 

 1109 
TEST 1110 

1. Set up Instron with tensile grips and 500kg load cell and calibrate. 1111 
2. Use 50kg full scale setting for 3, 5, and 7 mil film; use 100kg full scale setting for 1112 

10 mil film. 1113 
3. Set chart speed for 30 cm/min. Set chart speed B for .5 cm/min. 1114 
4. Set crosshead speed for 1 cm/min. 1115 
5. Lock sample in the grips. 1116 
6. Use chart speed A (30 cm/min) and start crosshead travel 1117 
7. Switch to chart speed B (.5 cm/min.) when yield point is reached -strain continues to 1118 

increase with no increase in stress. Yield for films is usually defined as 5% elongation 1119 
of the sample. 1120 
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8. Continue test until sample breaks in the narrow section. 1121 
9. If the sample breaks at the block or pulls out of the block, the results of that test are 1122 

invalid. 1123 
10. Stop machine when sample breaks. 1124 
11. Measure the final length of the sample extension. 1125 

 1126 
 1127 
RESULTS OF THE TEST 1128 

1. Place the overlay for the specific sample thickness on the chart recording. The 1129 
curve should fall close to the lesser tangent line. 1130 

2. Figure the yield point in pounds. 1131 
3. Figure the break point in pounds. 1132 

REPORT 1133 
1. Use a worksheet like that shown at the end of this appendix. 1134 
2. Tabulate modulus results from overlay inspection as HI, LO, or OK. 1135 
3. Tabulate yield and break point loads in pounds. 1136 
4. Tabulate extension as measured. 1137 
5. Figure and tabulate yield strength in psi. 1138 
6. Figure and tabulate ultimate tensile strength in psi. 1139 
7. Figure elongation as a percentage of 2.5 inches. 1140 
8. Figure average for yield, tensile, and elongation percentage. 1141 
9. Summarize results on "Film Certification Testing Sheet" kept in the 1142 

Mylar cabinet.  1143 
 1144 
DEFINITIONS 1145 
EXTENSION is total length (at breakage) minus 4 inches. 1146 
YIELD STRENGTH is Yield point load divided by the cross-sectional area of the 1147 
sample.  1148 
ULTIMATE TENSILE STRENGTH is the break point load divided by the cross-1149 
sectional area.  1150 
ELONGATION is the extension measure divided by 2.5 inches multiplied by 100%. 1151 
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Appendix III 1153 

Forming Dished Heads for Target Flash and Vacuum Containers 1154 
 1155 
Dished head of Mylar, kapton, stainless steel and other materials can be formed by 1156 
drawing them between 2 layers of copper foil. These dishes will have a minimum of 1157 
thinning in the center and can be held to a very tight tolerance on the diameter. The 1158 
mold for this forming is simple and easy to machine because no inside finish machining 1159 
is necessary. 1160 
 1161 
This same mold can be used to make dishes of several different configurations by using 1162 
punches of different design. The attached drawing shows a typical dish head forming 1163 
mold and assembly. 1164 
 1165 
The mold consists of three parts machined out of mild steel. The punch is designed to 1166 
give you the final shape of the dish. The face plate is used as a guide to align the punch 1167 
to the base plate. The base plate controls the diameter of the dish. 1168 
 1169 
The copper sheets used in the mold are of OFHC copper which is dead soft. The 1170 
lubricant used in the forming process is MS 122 Teflon mold release from Miller and 1171 
Stephenson Co. References to the attached drawing will show how the mold is assembled 1172 
and which areas are to be lubricated and the tolerance of the various pieces. 1173 
 1174 
The bolt torque is very critical in the forming process. In most cases the bolts are torqued 1175 
to their maximum. If the copper breaks before the dish is fully formed, the torque can 1176 
be backed off slightly and another attempt made. The rate of speed the punch is driven 1177 
into the mold can be varied to correct problems in the forming process. 1178 
 1179 
During assembly, care must be taken to keep all dirt and dust out of the area between 1180 
the copper and the material being formed because it will cause flaws in the formed 1181 
dish. After assembly, the punch is pushed into the mold at about 1 inch per minute 1182 
using a hydraulic process, universal testing machine, or similar device. The machine 1183 
must be capable of exerting a force of 20,000 lbs. in order to form most large dishes. 1184 
The punch should be pushed to a depth deep enough to give you the proper flat section 1185 
on the side of the dish. This operation should be done in a continuous motion otherwise 1186 
the copper will work harden and break. Once the punch has been pushed to the proper 1187 
depth, it should be removed using a metal bridge and the jacking screw in the center of 1188 
the punch. After the punch is removed, the copper cavity is filled with molten 60/40 or 1189 
50/50 solder at 255° which is allowed to solidify. 1190 
 1191 
This part of the process heat sets the plastic film but is not necessary when forming 1192 
metal dishes. 1193 
 1194 
After the solder has cooled, the mold is disassembled and the copper shims pulled apart. 1195 
At this point, the dish is inspected for flaws if no flaws are present; the outside material 1196 
of the dish is trimmed away to within 1/8" of the outside radius. The dish is now ready 1197 
to be used in the flask assembly. 1198 
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