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Fermi National Accelerator LaboratoryFermilab 
P.O. Box 500 • Batavia, Illinois - 60510 

November 14, 1988 

Process Engineering Inc. 
P. O. Box 467 
Plaistow, NH 03865 

Attention: Kenneth L. Paul 

Subject: Fermilab Subcontract #957560 

Dear Mr. Paul: 

(1) Enclosed is (1) fully executed copy of subject subcontract. 

(2) (a) We will incorporate in Supplemental Agreement #1 the 
Fermilab calculations for the structural design to 
Section VIII of the ASHE Code after your review is 
concluded on November 16, 1988. 

(b) We will also incorporate into Supplemental Agreement #1 
agreement that Fermilab will have ultimate responsibility 
for obtaining necessary state permits in those instances 
where all reasonable effort by PSI has failed to obtain 
the necessary permit issuance by the State or States needed 
to ensure delivery. PSI will absorb the normal special 
permit charges involved, but is not obligated to reimburse 
Fermilab for it's own labor costs incurred in Fermilab 
efforts to obtain issuance of permits, in these instances. 

Very truly yours, 

L. O. Vonasch 
Sr. Contract Administrator 

LOV: lat 

- cc: C. Weissert-Jagger 
R. Luther 
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SUBCONTRACT NO. 957560 

Under U. S. Government 
(Represented by the Department of Energy) 

CONTRACT DE-AC02-76CH03000 

BETWEEN 	 Universities Research Association, Inc. 
A Corporation Organized and Existing Pursuant to 
The District of Columbia Non-Profit Corporation Act 
With offices in the vicinity of Batavia, Illinois 
(hereinafter sometimes referred to as Fermilab or 
Laboratory) 

PROCESS ENGINEERING INC. 
P. O. Box 467 

Plaistow, NH 03865 


(hereinafter sometimes referred to as Subcontractor 
or Seller) 

This Subcontract is effective as of the 28th day of 
October 1988. 

WHEREAS, 	 Fermilab, pursuant to United States Government 
Contract DE-AC02-76CH03000 is responsible for 
varied requirements and 

WHEREAS, 	 Fermilab, in connection with said responsibility, 
desires to engage Subcontractor to perform work, to 
furnish equipment and material, and to furnish 
services, in accordance with Exhibit A, Schedule 
and Supplementary Terms and Conditions, and 
Exhibits B through D and all other terms and 
conditions hereinafter set forth: 

Now, THEREFORE, 	 in consideration of the mutual promises and 
covenants herein contained, the parties agree as 
follows: 

1 . 	 An order is hereby placed with Subcontractor for 
furnishing to Fermilab of the work, equipment, 
materials and/or services set forth in the below 
listed exhibits which are attached hereto. 

ATTACHMENTS: 

EXHIBIT A - Schedule and Supplementary Terms and Conditions 
EXHIBIT B - Specification No. 3740.224-ES-255929-A. 
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EXHIBIT C - Fermilab Subcontract General Provisions (FL-1) 
with Addendum I (FL-30) 
Clean Air and Water (FL-24) 
Progress Payments-Total Costs (Sm. Business) 
(FL-27A), and Labor Surplus Area Sub­

Subcontracting Program (FL-25). 

(FL-2), Fermilab Fixed Price Supply Subcontract Terms 

and Conditions. (FL-31), Addendum to FL-2. 


2. 	 Final acceptance of the work, equipment, material 
and/or services by Fermilab or its designee will be 
as provided in the attached exhibits. 

3. 	 In the event of an inconsistency between the 
provisions of this subcontract, it shall be resolved 
by giving precedence to the exhibits in the order as 
listed above. 

4. 	 Nothing in this subcontract shall be deemed as 
creating any relationship other than that of Buyer 
and Seller between Fermilab and the Subcontractor 
and Subcontractor shall not interpret any clause 
contained herein as being binding or purporting to 
bind the United states Government, its officers or 
agents. 

5. 	 The total fixed price of this subcontract is 
established at One Million, One Hundred Thirty 
Three Thousand, Six Hundred Dollars and No 
Cents ($1,133.600.00) subject to any 
limitations herein. Payment shall be made as 
provided in exhibits attached hereto. The 
Subcontractor shall submit certified invoices 
bearing this subcontract number, in duplicate, 
to Accounts Payable. Fermi National Accelerator 
Laboratory, P. O. Box 500, Batavia, Illinois 
60510. Unless otherwise provided herein, 
progress payments and escalation adjustments 
will not be made. Drafts will not be honored. 

6. 	 The following alterations in this Subcontract were 
agreed to by the parties before execution of this 
document: None 

http:1,133.600.00


BY 
! James E. Jr. 
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-- IN WITNESS WHEREOF, the parties have caused this Subcontract 
to be executed by their agents duly 
authorized the date and year set forth 
below the respective signatures. 

BY 
Finks, 

TITLE ~ead. Business ServicesTITLE 

DATE November 10. 1988 	 DATE 

I. Edmund M. Barry , certify that I am the Secretary 

of the Corporation named as Subcontractor herein. that 

Kenneth 	L. Paul who signed this Subcontract on 

Exec. Vice Presidentbehalf of the Subcontractor was then 

of said Corporation. that said Subcontract Agreement was duly signed 

for and on behalf of said Corporation by authority of its governing 

body and is within the scope of its Corporate powers. 

IN WITNESS WHEREOF, I have hereunto affixed my hand and the 
seal of said Corporation. 

(SEAL) 
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EXHIBIT A 

SCHEDULE AND SUPPLEMENTARY TERMS AND CONDITIONS 

1.0 	 Quantity and Description 

Furnish F.O.B. Fermilab, Batavia, Illinois 60510 the 

following: 


1.1 	 Quantity - One (1) Each Liquid Argon Cryostat per Exhibit B 
(Spec.) 

Liquid Argon Cryostat for the SQuth End Calorimeter per 

Exhibit B, Spec., and Drwg. #3740.224-ME-273030 @ $566,800.00 EA. 


1.2 	 Support Stanchions per Exhibit B, Spec. 

Liquid Argon Cryostat for the ~ End Calorimeter per 

Exhibit B, Spec., and Drwg. #3740. 224-ME-27306S, Rev.A. 

Identical to South End Calorimeter except for nozzle 

locations @ $566,800.00 EA. 


1.3 	 Both Cryostats exclude flexible support stanchions 
which will be supplied to manufacturer for installation 
in his shop. 

A complete set of sepias for the South Cryostat is 
enclosed. The North End Calorimeter is a mirror 
image of the South; A complete set of sepias for the 
North Cryostat is enclosed. 

1) 	 The stanchions (including their attachment bolts, 
the thermal siphon discs, and the G-10 spacers) 
will be supplied by Fermilab for installation by 
the manufacturer at his facility. 

2) 	 Supply of the carriage is outside the scope of this 
contract. The sepias is included for information 
only. 

2.0 	 Delivery Schedule and F.O.B. Point 

Delivery F.O~B. Fermilab D-Zero jobsite, Batavia, Illinois 60510 is 
required as follows: 

2.1 	 One (1) Each North End Liquid Argon Cryostat 10 months after 
award. 

2.2 	 The South Liquid Argon Cryostat 4 months after receipt of the 
above unit. 

-
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3.0 	 Final Acceptance 

Final 	Acceptance will be made at Fermilab by Laboratory personnel 
within sixty (60) days after receipt at Fermilab of each of the 
Liquid Argon Cryostats. 

The requirements of the above paragraph are construed to be 
consistent with and cumulative to Article 4 entitled "Inspection" 
of Exhibit D (Fermi lab Fixed Price Supply Subcontract Terms and 
Conditions) . 

4.0 	 Payment 

4.1 	 Progress Payments 


Progress payments shall be per FL-27A herein. 


4.2 	 Final Payment 

Final Payment will be made upon Final Acceptance at Fermilab; 
Final Acceptance will be concluded within sixty (60) days 
after receipt per Section 3.0 above. 

5.0 	 Cognizant Fermilab Personnel 

5.1 Direct administrative questions to L. O. Vonasch, Jr. at 
(312) 840-4166, TWX#910-3233, or TELEX#720-481. 

5.2 	 Direct technical questions to Richard Luther at (312) 
840-2322. 
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SPECIFICATION NO. 3740.224-ES-255929-A 
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TECHNICAL SPECIFICATION 


LIQUID ARGON CRYOSTATS 

for the 


D, ENDCAP CALORIMETERS (Ee) 


Specification No. 3740.224-ES-255929-A 


Originator: Richard D. Luther 
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SPECIFICATION 3740.224-ES-2SS929-A 


LIQUID ARGON CRYOSTATS 


FOR THE 


Of ENDCAP CALORIMETERS (EC) 


September 22. 1988 

1. DESCRIPTION 

1.1 	This specification contains design. fabrication. testing. shipping. and 
documentation requirements for the Endcap Calorimeter (EC) cryostats for the 
D-Zero Project at the Fermi National Accelerator laboratory (Fermilab) at 
Batavia. Illinois. The cryostats are seventeen foot diameter by eight foot long 
double-wall. vacuum/superinsulated vessels which will contain modules for the 
detection of sub-atomic particles in high-energy physics experiments. During 
operation each inner vessel will be filled with liquid argon at 90K. 

1.2 	The configurations of the cryostats are shown on the drawings which form a 
part of this specification (see Section 3). Each vessel consists of a cylindrical 
shell which is capped at one end by a standard torispherical head and at the 
other by a composite head. The spaces between the vessels contain 

-. 	 superinsulation and vessel piping. In addition to the piping inlets the vessels 
also contain several large nozzles for special equipment. The inner vessel of 
each cryostat is supported by special thermal contraction stanchions which 
penetrate the outer vessel at four locations on the bottom side of the vessel. 
The outer vellel is also supported at these penetrations. The cryostats and 
internals are in turn supported by welded carriages. Technical requirements for 
the stanchions and carriages are given in other specifications. 

1.3 	The EC cryostats are two of three which make up the calorimeter for the D~ 
detector. The three vessels will be located in the paths of the beam lines of 
the main ring conventional and superconducting accelerators at Fermilab. These 
beam lines are contained in evacuated pipelines which will pass through the 
cryostats at two locations. The precise positioning required for these pipes 
along with the small clearances associated with the internal modules require that 
relatively tight tolerances be maintained during fabrication. 

1.4 	The cryostats will be completely fabricated. assembled. and tested in the seller's 
facility and shipped complete to Fermilab. All proposals must contain complete 
descriptions of the fabrication. assembly. testing. and shipping methods to be 
employed. After final testing and acceptance at Fermilab. detector modules and 
heat exchanger tubin, will be installed in the cryostat by Fermilab personnel. In 
order to install the internals the cryostat heads will be cut off and rewelded by 
others in accordance with the rules of the National Board of Pressure Vessel 
Inspectors. 

D-' PROJECT fERMI NATIONAL ACCELERATOR LABORATORY EC CRYOSTATS 
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1.5 	In this specification the supplier of the cryostats shall be referred to as the 
W seller·. and the Fermi National Accelerator laboratory shall be referred to as 
W 	 WFermilabw or the buyer" . 

2. SCOPE 

2.1 	The seller shall furnish all labor. equipment. and materials and shall perform all 
work necessary to design. fabricate. assemble. test. and deliver the cryostats in 
accordance with this specification. 

2.2 	 Any conflicts between the requirements of this specification and those of any 
referenced drawings. specifications. or Codes shall be brought to the attention of 
the buyer for resolution. 

3. DRAWINGS AND SPECIFICATIONS 

The following shall be considered a part of this specification: 

Drawings - See Attachment 1. 

Reports - 3740.510-EN-54 - Design Review of the D-Zero Cryostats. June 
26. 19S6. 

4. GENERAL REQUIREMENTS 

4.1 	 Design Criteria 

4.1.1 	The inner vessel of each cryostat shall be designed. fabricated. tested. 
and stamped in accordance with the latest edition of Section VIII. 
Division 1. of the ASME Boiler and Pressure Vessel Code. The vessel 
shall be registered with the National Board of Boiler and Pressure Vessel 
Inspectors. The inner vessel shall be designed for internal pressure plus 
liquid head (16 ft of argon) with the jacket evacuated. and for full 
vacuum with the jacket at atmospheric pressure. 

4.1.2 	The structural design of each outer vessel under the vacuum loading shall 
be in accordance with the rules of the Compressed Gas Association 
Specification CGA-341. Specifically. the outer vessel shall be designed to 
provide a minimum collapse pressure of 30 psi (differential) per paragraph 
1(f)(3) of CGA-341. In addition each outer vessel shall be designed for 
15 psig internal pressure in accordance with the rules of the ASME 
Code. Section VIII. Division 1. No stamping is required. The general 
quality of the outer vessels shall be consistent with that of the inner 
vessels: e.g .. assembly and welding procedures. fabrication tolerances. 
material documentation. etc.. shall be c.omparable to that provided for the 
inner vessels. Third-party inspection of the outer vessels is not required. 

4.1.3 	The design of the annular space piping shall be in accordance with ANSI 
8-31.3. 

4.2 	Materials 

D-t' 	PROJECT FERMI NATIONAL ACCELERATOR LABORATORY EC CRYOSTATS 
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4.2.1 	All components. including the vessels, nozzles. and piping. shall be 
fabricated from type 304 austenitic stainless steel suitable for cryogenic 
service unless otherwise noted on the drawings. 

4.2.2 	 Documentation and traceability for all materials shall be consistent with 
the requirements of Section VIII. Div. 1. of the ASME Code. 

4.3 Nozzles 

A list of nozzles for each cryostat is included on the plan view drawing 
(ME-273030 for the south EC and ME-27306S for the north EC). All 
nozzles are to be provided with closures as noted on the drawings. The 
sealing system to be used for nozzles Nl. N2. and Nll will incorporate 
lead-coated metal c-rings in combination with rubber o-rings. Fermilab 
will provide the metal c-rings to the manufacturer for use in the pressure 
and vacuum testing of the cryostat at the manufacturer's facility. 0­
rings for these and other nozzles shall be supplied by the manufacturer. 

4.4 Tolerances and Clearances 

4.4.1 	As indicated on the attached drawings. tolerances required for the 
cryostats are more restrictive than customary pressure vessel tolerances. 
Adequate clearances must be maintained in order to provide the volume 
necessary for the internal components to be installed in the vessels. The 
effects of these tolerances (cost. schedule, feasibility, etc.) shall be 
considered in the seller's proposal. 

4.4.2 Any 	tolerances which the manufacturer considers to be infeasible or 
prohibitively expensive shall be immediately identified to the purchaser. 

4.5 Head Removal Considerations 

As noted above the cryostat heads will be removed and rewelded at 
Fermilab to allow installation of the internals. 

5. DESIGN REQUIREMENTS 

5.1 Design Conditions 

5.1.1 	 Design pressure - Inner: +15 psig with the jacket evacuated and 
full vacuum with the jacket at atmospheric 
pressure. 

- Outer: Full 	 vacuum and +15 psig. 

5.1.2 Operating temperature = 90K 

5.1.3 Cryogen: 	 Liquid argon. (The volume of the internals is such that 3000 
gallons of liquid completely fills each inner vessel. Note that 
the weight of argon displaced by the internals must also be 
considered in the design of the cryostat shell.) 

5.1.4 Weight of internal modules = 	450.000 Ibs per cryostat. -
0-, PROJECT FERMI NATIONAL ACCELERATOR LABORATORY EC CRYOSTATS 
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5.1.5 Radiography: See drawing 3740.224-ME-273071 

5.1.6 Seismic loads: Uniform Building Code 

5.1.7 	Wind loads: 10 psf (The vessel will be temporarily located 
outdoors during testing at Fermilab.) 

5.2 Component Design 

5.2.1 	The attached drawings include dimensions and thicknesses for most 
components. These were calculated for the specified design conditions in 
accordance with the criteria given above. A report presenting an 
independent review of this design is included with this specification. 
(Report No. 3740.510-EN-54. see Section 3 above.) Additional 
calculations will be available to the seller after award of the contract. 
However. the calculations and the review shall be considered to be 
informal. and it shall be the responsibility of the seller to ensure that the 
vessels supplied meet the requirements of this specification. 

5.2.2 	The seller shall supply design calculations and drawings for the buyer's 
review before material is ordered. The seller shall include ten (10) 
working days in his schedule for Fermilab review of calculations and 
drawings. 

5.2.3 	Certain dimensions on the drawings are specified as maximum or 
minimum values. These specifications are made for process reasons and 
shall be maintained. Any conflicts between given dimensions and the 
specified design criteria and conditions shall be immediately brought to 
the attention of the purchaser. 

5.3 Vessel Supports 

In order to maintain the detector location throughout mUltiple cooldown 
cycles. the inner vessels and the internal module structures are supported 
on custom-designed. flexible. thermal contraction support stanchions. 
These will be fabricated and supplied by others for installation in the 
cryostats by the seller at his facility. Drawings of the stanchions are 
included with this specification. and technical requirements for the 
stanchions are given in Technical Specification 3740.224-ES-273097. 

5.4 Support Carriage 

The cryostats will be mated with carriages at Fermilab. The carriages 
are not included in the scope of supply of the cryostats. 

5.5 Vacuum/Superinsulation 

5.5.1 	The cryostats shall be insulated with crinkled. aluminized mylar type 
superinsulation. The drawings have provided a nominal insulation 
thickness of one inch at an application density of 40-60 layers per inch. 
The installed apparent mean thermal conductivity shall be no more than 
1.0 p.W/cm-K. excluding heat leak through the nozzles. piping. and 
supports. but including the effects of the superinsulation support system. 
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This shall be documented in the design calculations and submitted to the 
buyer for approval before the insulation is ordered. 

5.5.2 	Installation. hangers, and details shall be in accordance with the 
insulation manufacturer's recommendations and consistent with good 
cryogenic insulation practice. 

6. FABRICATION REQUIREMENTS 

6.1 	The inner vessels shall meet the fabrication requirements of the ASME Code. 
and their quality shall be consistent with vacuum/superinsulated cryogenic 
service. In addition. the fabrication quality of the outer vessels (fit-up. welding 
quality. etc.) shall be comparable to that of the inner vessels. 

6.2 	The fabrication quality of the internal piping shall be in accordance with ANSI 
Standard 6-31.3 and consistent with the cryogenic/vacuum service. 

6.3 	Fermilab reserves the right to witness any or all aspects of the fabrication 
process in the seller's facility. 

6.4 	Welding 

6.4.1 	 All welding shall be performed by welders qualified in accordance with 
Section IX of the ASME Code. All welding procedures shall also be 
qualified in accordance with Section IX. 

6.4.2 	Radiography and other nondestructive evaluation requirements are given 
on drawing 3740.224-ME-273071. 

6.4.3 Temporary 	attachment welds shall be avoided wherever possible. Any 
such welds which are used shall be made using qualified welders, 
procedures, and materials. After removal of the temporary weld the 
vessel surfaces shall be restored to their original condition and visually 
examined for signs of pitting. cracking. contamination. etc. 

6.5 Cleanliness 

6.5.1 The 	seHer shall exercise care to maintain general cleanliness and to avoid 
contamination of the stainless steel materials. Surfaces shall be dea ned 
as fa brication progresses. 

6.5.2 	Internal surfaces shall be cleaned to remove all traces of oil. grease, and 
other chemical contaminants. Visual examination under strong white light 
shall demonstrate the absence of all contaminants and of any defects 
such as dirt. scale. weld spatter. metal chips. and sharp edges. In 
addition. wipe tests shall reveal no evidence of oil residue nor any 
appreciable discoloration of the wiping media other than that due to 
oxidation of the parent metal. 

6.5.3 The seller shall develop 	written procedures for achieving the required 
cleanliness. These procedures shall be submitted to the buyer for 
approval before fabrication is begun. 

-
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7. TESTING REQUIREMENTS 

7.1 	 A written procedure for each test required below shall be submitted to the buyer 
for approval at least 30 days before the test is to be performed. The buyer 
shall be notified at least five days before each test is conducted. The buyer or 
his representative shall have the option of witnessing these tests. 

7.2 	 Written test results shall be provided to the buyer within three days after the 
completion of each test. 

7.3 	 Pressure Testing 

7.3.1 	The inner vessels must be hydrostatically or pneumatically tested in 
accordance with the rules of the ASME Code. If hydrotested. the 
chloride content of the test water shall not exceed 200 ppm. After the 
hydrotest the vessel shall be rinsed as necessary to remove residue. 
scum. etc .. and then dried to prevent contamination. If forced-air drying 
is employed. the air shall be oil-free. 

7.3.2 	All piping shall be pneumatically tested. The test pressure for the 
nitrogen piping for the heat exchangers shall be 150 psig. The test 
pressure for all other lines shall be 80 psig. These tests may be 
performed before the lines are installed in the vessel. 

7.3.3 	 Pneumatic tests shall be performed with dry, oil-free air or nitrogen gas. 

7.4 	 Leak Testing 

7.4.1 	 During fabrication all welded connections within the piping assemblies 
shall be leak tested with a helium mass spectrometer. Any detectable 
leakage shall be corrected. 

7.4.2 	The total leak rate for the cryostat annular space shall be shown by 
helium mass spectrometer testing to be less than 1 x 10-9 std-cc/sec. 

7.4.3 The 	vacuum leak tests shall be conducted in accordance with the seller's 
standard testing procedures. However. the following minimum 
requirements shall also apply: 

7.4.3.1 	The mass spectrometer used shall have a minimum sensitivity 
of 1 x 10-9 std-cc/sec. 

7.4.3.2 	The gas used for the test shall contain at least 10% Grade A 
helium with the balance being dry, oil-free air or nitrogen. 

7.4.3.3 	Except for background noise. there shall be no indication of 
leakage with the mass spectrometer on the lowest scale. 

7.4.3.4 	The accuracy of the tests shall be verified by a calibration 
check of the mass spectrometer before and after each test. 
The calibration tests shall be made on the lowest scale using 
a calibrated helium leak. 
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8. SHIPPING REQUIREMENTS 

8.1 	The seller shall develop detailed procedures for handling and shipping the 
cryostats. These shall be submitted to the buyer for approval at least 30 days 
before the vessels are loaded for shipment. 

8.2 	Drawing 3740.224-ME-27304S shows a temporary stabilizing trunnion for the 
inner vessel which is to be fitted on each cryostat at the relief nozzle opening 
(N12). This trunnion serves to stabilize the inner vessel during transport and is 
designed for shipping loads of 2g's acting along the trunnion center line and 5g's 
acting transverse to the center line. The seller shall notify the buyer if the 
loads expected during transport exceed these values. The trunnion is designed 
to resist relative motion between the inner and outer vessels. It is not designed 
to be a lifting point in the vertical orientation. Lugs for lifting the cryostat are 
shown on drawing 3740.224-ME-273039 and 2730(0). All other shipping. lifting, 
and handling devices or equipment required shall be designed and/or supplied by 
the seller. 

8.3 	All external piping connections shall be sealed during shipment with metal covers 
as shown on the drawings. The annular space need not be evacuated during 
shipment. However. provisions shall be made to prevent excessive contamination 
of the vacuum space (e.g.. purging with inert gas). Accepta nce of the cryostat 
will be made only after vacuum insulation integrity is verified at Fermilab 

8.4 	Any external connection containing a bellows shall be suitably protected to 
prevent damage to the bellows during shipment. 

9. DOCUMENTATION 

9.1 	Three copies of all drawings and design calculations shall be submitted to the 
buyer for approval before material is ordered or fabrication is begun. Five 
copies of the final drawings. including a full set of as-built drawings. and three 
copies of the final design calculations shall be submitted no later than 30 days 
after shipment of the cryostat. 

9.2 	Three copies of all welding procedures to be used shall be submitted for 
approval prior to the start of fabrication. 

9.3 	Three copies of the following procedures shall be submitted at least 14 days 
prior to their use: 

9.3.1 Cleaning procedures. 

9.3.2 Helium mass spectrometer test procedures. 

9.3.3 Pneumatic and/or hydrostatic test procedures. 

9.3.4 Laydown. loading. preparation. and shipping procedures. 

9.4 	Three copies of documented results of each pressure and mass spectrometer test 
shall be submitted within three days after completion of the test.-

0-, PROJECT fERMI NATIONAL ACCELERATOR LABORATORY EC CRYOSTATS 
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9.5 Three copies 	of all certified material test reports and certificates of compliance 
for all materials shall be submitted as they become available. 

9.6 	Three copies of the ASME Code Data Report for the inner vessel shall be 
submitted with the final drawings • 
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ATTACHMENT 1 - DRAWING LIST 

Specification 3740.224-ES-2SS929-A 

Drawing Number Rev Title 
South EC Drawings 

3740.224-ME-273030 SOUTH EC CRYOSTAT (PLAN) 
-ME-27303S SOUTH EC. SECT G-G - Nl.NS.N14.N1S DETAILS 
-ME-27l0l9 SOUTH EC. VIEW J-J - Nll/N19 NOZZLE DETAILS 
-ME-273041 SOUTH EC. ANNULAR SPACE CRYO. PIPING 
-ME-27l042 SOUTH EC. ANNULAR SPACE INSTR. TUBING 

North EC Drawings 
-ME-273065 NORTH EC PLAN 
-ME-273037 NORTH EC. SECT F-F 
-ME-273043 NORTH EC. ANNULAR SPACE CRYO PIPING 
-ME-273044 NORTH EC. ANNULAR SPACE INSTR. TUBING 

Common Drawings 
3740.220-ME-222256 N PARAMETER LAYOUT - ELEVATION 

-ME-273031 SECTION A-A (273030) - Nl/N2 NOZZLE DETAILS 
-ME-273032 SECT B-B - Nl/Nll DETAILS 
-ME-273033 SECT C-C. D-D - N4.N6.NS.Nl0 DETAILS 
-ME-273034 SECT E-E. F-F - N7/N9 NOZZLE DETAILS 

- -ME-273045 
-ME-273046 
-ME-273047 
-ME-273048 
-ME-273049 

TOP SHIPPING TRUNNION GENERAL ARRANGEMENT 
BEAM TUBE AREA FABRICATION DRAWING 
SUPPORT STANCHION GENERAL ARRANGEMENT 
FLEXIBLE SUPPORT ASSEMBLY 
STANCHION DETAILS 

-ME-2730S1 
-MC-273052 
-MD-2730S3 
-MD-27l0S4 
-MD-273055 

COVER PLATE DETAILS 
NllP - NllV INSTRUMENTATION PORT FLANGE 
NOZZLE DETAIL HIGH VOLTAGE FLG #N2P-N2V 
NOZZLE DETAILS SIGNAL PORT FLG #N1P-N1V 
TOP TRUNNION FLANGE 

-MC-273056 
-MD-273057 
-MD-273058 
-MC-273059 
-MB-273060 

BEAM TUBE AREA VACUUM TUBE FLANGE 
BEAM TUBE AREA RETAINER FLANGE 
BEAM TUBE AREA MOUNTING FLANGE 
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• I. SUMMARY
~J 

1 ­
i The D-Zero Cryostats are 204-inch diameter vessels containing liquid 

argon and specialized equi~nt at cryogenic temperatures that are to be used 
in particle physics experiments. The cryostat designs were reviewed to verify 
that they were adequate for the vessel's service requirements and were in com­1 ~ pliance with the ASHE Boiler and Pressure Vessel Code, Section VIII. Aspects 
of the vessel designs that were evaluated in accordance with Code requirements

1 J 	 included miniMUm shell thicknesses for pressure conditions, primary and 

secondary stress intensities under pressure and deadweight conditions, local 
reinforcement requirements, feedline piping thermal stresses and vessel1J 
support requirements. 

The design review of the vessels, supports, and piping showed that1J they are adequate for the service requirements. Those aspects of the vessel 
designs that were addressed by Section VIII, Division 1 were fou~ to comply.1 1 

r 
~ Those aspects of design not explicitly addressed by the Code were evaluated by 

other criteria as appropriate, and were found to possess a degree of safety 
consistent with the intent and philosophy of the Code. 

Heat conduction and thermal stress analyses were performed to estab­
lish maximum safe cooldown rates. Thermal stress and fatigue considerations 
were addressed in accordance with Section VIII, Division 2. 

The reader is alerted to the fact that the text reports general 
1J 

, 

aspects and results of the design review. All calculations and computer 
: output supporting the conclusions are provided as an appendix. The calcula­

tions fully document assumptions and ..thodologies, and should be referred to I ~ for specific information not reported in the text. 

I -	 II. ANALYSIS 

I -	 A. ACCEPTANCE CRITERIA 

, - The vessels were reviewed for conformance to the requirements of the 
ASME 1983 BQiler and Pressure Vessel Code, Section VIII, Division 1. with 
Addenda through Summer, 1985(1)*. This criterion is hereinafter referred to 
as the Code or Division 1. 

*See references at end o~ report. 



j 

] 	 2 

Certain aspects of the vessel designs were of a nature not addressed ~ 

J by Division 1. Provision for such cases is .ade in Article U-2(g) of 
( 

Division 1, requiring that the ..nufacturer provide details of design and
] 	 construction which will be as safe as those provided by the Rules of 

Division 1. Toward this end. analyses were perfOrmed to establish that the 
designs possessed a degree of safety 
cons1stent with the 1ntent and philosophy of Division 1. In such cases, other 
cr1teria were used such as Section VIII, Division 2, Alternative Rules(2), J Section III, "u~lear Power Plant Components(3). or the AISC Manual of Steel 
Construction(4).

J Division 1 Rules do not call for detailed stress analysis of common 
shell configurations. but rather, set a Minimu. shell thickness sufficient to 

J maintain general primary stresses below two-thirds of the yield strength. 
Article UG-23(b)(1) states that the Rules recognize that high localized 
stresses exist at structural discontinuities, and that the design ru'les have 
been formulated to liMit stresses to safe levels based on experience. The 
design rules are generally conservative with inherent Safety Factors of 3 
to 4. 

Section VIII. Division 2 and Section III emphasize detailed stress 

'w 	 analysis to remove overly conservative aspects of conventional pressure vesse1 

deSign, and to establish a .inimu. level of safety for vessels which may be 

used in severe service conditions. Section VIII-2 and Section III assign


• different allowable li.its to stresses, depending on the load that generates 
the stress, the location of the stress and its distribution through the shell 

•
; 

thickness. The different stress allowables reflect the importance of the 

stress to failure of the vessel, as defined by the Maximum Shear Stress 


w Theory. (S,6) Thus, detailed stress analysis is an inherent aspect of Sections 

VIII-2 or 	III. 

The acceptance criteria did not 1nclude limitations on deflecion,
• 

deformation or distortion of the vessels, except as was required to satisfy 
structural stability concerns. Also, the effects of tolerances in shell 

• dimensions and shape on stresses were not considered. 

• 

• 
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B. CENTRAL CALORIMETER VESSELS 

B.l. Description of Central Calorimeter Vessels 

a. Geometry 

Two vessels comprise the Central Calorimeter (CC) of the D-Zero 
Cryostat, an inner vessel containing liquid argon and instrumentation modules, 
and an outer vessel containing a vacuum for insulation. The vessels are shown 
in Figure 1. The vessels are toroidal, with noncircular cross sections. 

Each vessel consists of an outer horizontal cylinder, with diameter 
approximately 2.S times its length. Concentric with the outer cylinder is an 
inner cylinder that is approximately one-third the diameter of the outer 
cylinder, but roughly 40 percent greater in length. An annular formed head 
joins the two cylinders at each end. The head-to-shell joints are made 
tangential through the use of toroidal knuckles, similar to those-of a common 
tori spherical head. 

b. Vessel Contents 

The inner vessel of the Central Calorimeter will contain liquid 
argon at a temperature of 90 K (-300 F). The gauge pressure at the top of the 
vessel is specified as 30 psi, with an additional 10 psi head at the bottom of 
the vessel. The design pressure is 30 psi, however, the vessels were designed 
for the maximum pressure at their lowest points of 40 psi. The inner vessel 
will also experience a full vacuum (1S psi) during a purification procedure. 
This is considered part of the start-up cycle of operation. 

The inner vessel will also contain a variety of instrumentation and 
material modules that are supported directly by the vessel supports such that 
they do not interact with the shells. The internal structure and equipment 
modules displace volume such that 5,000 gallons of fluid fill the vessel 
entirely. 

The outer vessel will contain a vacuum (15 psi) to insulate the 
inner vessel. It was also evaluated for a 15 psi internal pressure condition . 

... 




FIGURE 1. CENTRAL CALORIMETER VESSEL GEOMETRY 
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The estimated weights of the vessels and contents are shown in 
Table 1. 

•
j TABLE 1. ESTIMATED WEIGHTS, CENTRAL CALORIMETER 

J 
Item 

Inner Shell J Modules 
5,000 "Ga1 L1 qu i d Argon 

j Total 

'": Outer Shell 
j 

Estimated 
Weight, kips 

24.0 
633.0 
58.3 

-715.3 	 ­

25.3 

., 
J c. Materials 

, The vessels are to be constructed of a high alloy lSCr-SNi stainless
wi , 

I 	 steel. The Code specifies SA-240 in plate form, available in several grades. 
The specified minimum strengths and allowable stresses in accordance with 

..J 	 Divisions land 2 are shown in Table 2, for the various grades of SA-240 in 
plate form. Grade 304 was assumed to be material of construction for purposes 
of this review.· 

.... , 
d. Method of Support 

The inner vessel is supported on four stanchions, located as shown 
schematically in Figure 2. The stanchions are each supported by a number of 
vertical plates, made from Inconel 71S. The plates allow thermal expansion 
and contraction of the vessel by deflecting in a reversed bending mode. 
Between the vessel stanchion and the flex plates is a thermal isolation pad to 
minimize heat transfer through the supports. 

The support structure for the internal modules is also supported by 
the flex plate assembly. The vaCUUM vessel is supported on stanchions that 
encircle the flex plates, but that are structurally isolated from them. The 

] 


] 
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.. 
-

TABLE 2. SPECIFIED STRENGTHS AND ALLOWABLE STRESSES 
IN ACCORDANCE WITH ASME CODE. SECTION VIII,
DIVISIONS 1 AND 2. HIGH ALLOY 1BCr-8N1 
STAINLESS STEEL. SA-240 IN PLATE FORM 

"""'" ( 

-	 Spec1fied Spec1fied Dhision ~ Division 2 
fi41nilllJlI fi4in1111U11 All owab 1 e a) Design Stress {a} 

Grade Yield. ksi Tensile, ksi Stress, ksi Intensity. ksi 

25 70 15.7 	 16.7304L 
75 18.8 	 20.0302 30 

304(b) 30 75 18.8 	 20.0 
I ..... 	 304H 30 75 18.8 20.0 

304M 35 80 20.0 23.3 

--	 Hotes: (a) Maxil1lJm metal temperature not to exceed 100 F. 
(b) Grade assumed for review. -, 

1 

vacuum vessel is not expected to differ significantly in temperature from 
ambient. The entire system is then supported on two built-up members of 
tapered box section, and mounted on rollers. 

A complete description of the support design and results of the , 
.J 	 analyses performed 1s found in Section D of this report. 

I -
e. Other Components 

'! Other components within the scope of the analysis of the CC vessels 
..J 

include li-inch and 2-inch piping located on the upper circumference of the 
argon vessel, and nozzles ranging in size from 4 to 12 inches in diameter at 
various locations throughout the inner and outer vessels. 

Components or design details which were not within the scope of this" 

study include 
1. Piping or conduits larger than 2 inches which connect to the 

- vessels 
2. 9latforms, ladders, lugs. or other attachments to the vessels 
3. internal instrumentation and material modules 
4. support structure of the internal modules 
5. electrical cable port closures 

-, 
.J 
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6. valves and fittings 	
~ 

( 
1. metal bellows expansion joints. 

f. Loadings 

Loadings on the CC vessels that were considered include the 
following 

1. 	Internal pneumatic pressure of 30 psi, which includes the effect 
~f an external vacuum, plus 10 psi fluid head pressure, and 
15 psi external pressure, inner vessel 

2. Internal and external pneumatic pressures of 15 psi, outer vessel 
3. 	 Deadweights of empty shells, contained fluids, internal IOdules, 

small bore piping up to 2 inch NPS 
4. 	 "rhermal expansion loads in the small bore piping and on the 

vessel supports 
5. 	 Local loads on the vessel shells due to thermal expansion and 

dead weight
• 6. Rating for 1,000 full pressure and full temperature cycles. 

Loadings on the CC vessels that were not considered in the analysis 
• include the following 

1. Seismic accelerations 

• 	 2. Non-seismic dynamic loads, such as nozzle thrust, wind load, 
vibration fro. reciprocating equipment, electromagnetic forces, 
etc.• 

3. 	Hydrotest requirements, 1n a position other than horizontal, and 
using a fluid other than water 

4. 	Loads which BaY occur during fabrication, construction or 
transportation 

5. Interaction with the internal modules or their supports. 

• 
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B.2. Minimu. Shell Thicknesses and Maximum Pressures 

a. Joint Efficiency 

The Code incorporates a Welded Joint Efficiency, E, in its strength 
calculations. The Joint Efficiency is essentially a level of confidence in- the jOint strength inspired by the degree of examination. Welded Joint 
Efficiencies for various degrees of examination and methods of construction 
are specified \n Article UW-12(1). A Joint Efficiency equal to 0.65 was 

J considered in the subject analyses, corresponding to single-welded butt 
joints, visually, but not radiographically, examined. Use of a Joint 
Efficiency of 0.65 would be considered overly conservative if the welds are 
radiographed or double-welded, per UW-12(1}. The Joint Efficiency generally 
is significant only in design for internal pressure • 

• 
b. Cylindrical Shells 

~ 

~ 

( The minimum required thicknesses of the cylindrical shells for the 
design pressures were calculated in accordance with Articles UG-27 and UG­
28(1). The maximum allowable pressures for the design thicknesses were also-
calculated accordingly. The results of these calculations are shown in 

j Table 3, for an assumed Joint Efficiency of 0.65. The minimum required shell 
thicknesses for the design pressures were less than the design shell 

~ 

-
... 

I thicknesses, and the max1mu. allowable pressures for the design thicknesses 
were greater than the design pressures. In all cases, pressure external to 

] the cylinders was more li.iting than internal pressure. For both vessels, a 
pressure external to the inner cylinder is produced by a positive pressure 
within the vessel. I 

J 

-, c. Formed Heads 

~ 
As indicated in Figure 1. the heads are annular composites of 

~ 

\ toroidal shell segments. This configuration ;s not explicitly addressed by 
~ • Division 1. However, some aspects of the heads were treated similarly to more 
-1 common formed heads, with SOMe modifications. 
~ 
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TABLE 3. MINIMUM THICKNESSES AND MAXIMUM] PRESSURES, CYLINDRICAL SHELLS,
CENTRAL CALORIMETER 

.. 
Argon Vessel Vacuum Vessel 

Outer Inner Outer Inner - Cylinder Cylinder Cylinder Cyli nder 

Design Thickness, td, inch .625 .4375 .6Z5 .250 

Design Pressure; Pd, psi (Int/Ext) 40/15 15/4O(a) 15/15 15/15(a) 

j :..
UG-Z7, Internal Pressure(b) 

tmin at Pd' inch .318 .040 .lZ6 .024 
Pmax at td. psi 78.4 144.5 74.4 100.5 .. 

UG-Z8, External Pressure 
tmin at Pdt inch .380 .390 .400 .250 
Pmax at td. psi 37.0 51.9 35.1 ' 16.1 

• 

• 
Hotes: (a) Internal/External pressures 

annular shape of vessel. 
(b) Joint Efficiency, E • 0.65. 

are reversed from outer cylinder due to 

• Due to the complex shape of the heads, an analysis of stresses due 
to pressure loading was performed using numerical techniques described in 
Section B.3 of ,this report. The basis for using explicit analysis to qualify 

~,, 

• 

components is specified in Division Z, subject to the provisions of U-Z(g) 
a Division 1 vessel. Stress intensities were within the allowable stress 
intensities of Division Z, for primary membrane and bending stresses, and 

for 

.. secondary bending stresses • 
There are several issues of concern in detena1n1ng the adequacy of 

the toroidal heads in addition to bursting strength.(7-11) These are the 
possibilities of elastic or plastic collapse of the outer knuckle ring under 
internal pressure, elastic or plastic collapse of the inner knuckle ring under ..I external pressure, or elastic buckling of the toroidal crown due to external 
pressure. 

.. 
CC 

An analytical model to predict elastic or plastic instability of the 
heads would be difficult to develop, and would be of limited value without 

test data for verification. Therefore, the elastic stress response 

.. -,, 
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-I"""'"' 
characteristics of the CC heads were correlated by comparison with stress 
analysis studies of torispherical heads reported in the literature(7). The 
instability characteristics of the toroidal segments of the CC heads were then 
estimated by comparison to known buckling or collapse behavior of torispher­

..., ical and other shells, as reported in the literature. The results of this , 
I comparison study are shown in Table 4. J 

J TABLE 4. DESIGN COLLAPSE PRESSURES, CENTRAL CALORIMETER HEADS 

j 
Design Design , Elastic Plastic 

Shell Design Collapse CollapseJ Vessel Segment Pressure, psi Pressure. psi Pressure. psi 

Argon Outer Knuckle 40 669(a) 56(b), 73(c) 
(S/S Inch Inner Knuckle 15 37(a) IS(b). 16(C)
Thick Head) Crown 15 lS(d). 27(e) 

Vacuum Outer Knuckle 15 57S(a) 56(b), 73(c) 
(5/S Inch Inner Knuckle 15 73(a) 22(b). lS(c) ..., 
Thick Head Crown 15 lS(d) t 27(e) 

• 
Notes: (a) Tor1spher1cal Heads, per Refs. 9 and 10; SF • 3 

(b) Torispherical HeadS, per Ref. 8; SF a 3 
(c) Torispherical Heads, per Refs. 11 and 12; SF = 3 
(d) Cylinder, per Ref. 14; SF • 2 
(e) Spherical Cap, per Ref. 13; SF a 3 

• 

Design pressures indicated in Table 4 are the governing conditions 
for collapse of the individual shell segments. In all cases, the governing 
condition for the outer knuckle was internal pressure, while the governing 
condition, for the inner knuckle and crown was external pressure. 
It was found that in the knuckle regions, the ratio of radius to thickness was 
such that the p1astic-collapse mode was more critical than the elastic 
buckling mode •. Elastic buckling was the critical mode in the crown regions. 

Design collapse pressures indicated in Table 4 incorporate a Safety 
Factor defined as the ratio of critical collapse pressure to design collapse 
pressure. The Safety Factors inherent in the majority of reported design 



, 

i 

.. 12 

-'... 	 collapse pressures is 3. except as noted. In those cases for which SF< 3. it (
is believed that the actual Safety Factors are greater than indicated due to 
the conservative buckling model used to calculate critical collapse pressures. 
Refer to the calculations (Appendix) for further information. 

B.3. Primary and Secondary Stress Analysis 

As has been noted, not all details of design and construction are 
explicitly cove~ed by the Rules of Division 1. Article U-Z(g) specifies that 
in such cases, details of design and construction be provided that are as safe! 

J 	 as those of Division 1.(1) Toward this end, a detailed stress analysis was 

performed of the Central Calorimeter in accordance with the speCifications of 

Division 2. Alternative Rules. The Division Z procedure requires calculation 
. 
of general and local primary membrane and bending stresses, 

, 

secondary stresses 
and peak stresses. The stresses are categorized on the basis of locition and.. the consequences of the stress exceeding yield. Allowable stresses are estab­

lished accordingly, based on the Maximum Shear Stress Theory of fa1lure.(6) 


The stress analyses were performed using program HONlIN, which was 

developed at Battelle for the stress analysis of metallic bellows and


] diaphragms. (lS) Program HOHlIN performs direct numerical integration of the 

differential equations for nonlinear thin elastic shells of revolution. The 


l theory assumes small strains but large rotations. 
j 

-
Stresses were combined manually fro. the HONlIN output to obtain 


stress intensities. The stress intensities were calculated, in accordance 

with Appendix A of Division 2. as the largest absolute value of the difference 


! between principle stresses, al-az. oZ-a3. or a3-01'(Z) The stress intenSity 


- is equal to twice the maximum shear stress. This calculation was performed 

separately for membrane and bending stresses, considering aeridional and 

circumferential stresses as prinCipal stress a1 and a2, respectively. The 

normal pressure (internal or external) was used for principal stress a3. The 

membrane and bending stress intensities were added and compared with the 

allowable stress intensities per Articles 4-130 and Table 4-120.1 of 

Division Z. 


• 	 The calculated stresses are plotted in Figures 3 and 4 for the inner 

vessel of the Central Calor1meter. Calculated displacements normal to the 


•i 

• 
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shell surfaces are shown in Figure 5. Figure 6 schematically indicates the 
stress output regions identified in Figure 3 through 5. Stress and 
displacement distributions throughout the outer vessel are Similar to those of 
the 1nner vessel but of lower magnitude • 

The maximum stress intensities at various locations of the vessels 
are sul1lltarized in Table 5 for the configurations with stiffening rings. 
Calculated stress 1ntensities were below a110wab1es at all locations in both 
the inner and outer vessels. Refer to the calculations for further 
information. 

8.4. Nonsymmetric Loading 

The weight of the vessel and contained fluid apply a nonsymmetric 
load to the shells. An analysis was performed to show that the heads provide 
adequate stiffness to the cylindrical shells to resist the nonsymmetric load 
without the aid of external reinforcing rings. External reinforcing rings are 
not required for external pressure. 

The maximum bending moments in the cylinder walls were calculated 
for the argon vessel weight, weight of the 5,000 gallons of liquid argon, and 
weight of the argon displaced by the vessel internals and annulus. These 
moments were calculated using the simple models shown in Figure 7, per 
Reference 16. The magnitude and location of the maximum moments depend on the 
circumferential locations of the supports. The support angles, dead weights, 
and calculated moments are shown in Table 6. The circumferential variation of 
the moments around the argon vessel are shown in Figure 8. The variation of 
moments around the vacuum vessel is similar to that of the argon vessel, but 

of lower magnitude. 
The heads were considered to substantially stiffen the cylinders 

against the circumferential distribution of loads. This ·was deteT'1lined based 
on the short lengths of the shells with respect to their diameter, the 
proximity of the support stanchions to the head-to-shell tangent pOints, and 
parameters developed in Reference 17. 

The toroidal shell, stiffened by the heads, was treated as a thin­
walled curved beam subject to the bending moments shown in Table 6. Calcu­
lated membrane stresses were less than 2,000 psi. 
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....",PRIMARY AND SECONDARY STRESS INTENSITIES (PSI)TABLE 5.- DUE TO INTE~NAL PRESSURE, CENTRAl.. CALORIMETER ( 
--' 

p .. (I) p. + Pb(b) PL(c) Q PL + Q (d,e)PbSt9llnt 

I. Inner Yessel, P • 40 pSi, Head Thickness • 5/8 Inch 

OUter 
Cylinder 5,598 1,044 6,642 

5,126 7,059 12,185 
'W 

-, Inner 
Cyl1nder 9,756 18,990 28,754J 4,157 4,446 8,603 

l 
~ 

Outer 
r Knuckle 17,753 14,485 32.. 238 

- 14,680 17 ,278_~ 31,957Crown 
5,193 5.754 10,947 

...."" 
..J 

"1","

Inner 
Knuckle 17.849 20,580 38,4291-
II• Outer Yessel, P • 15 psi, Head Thickness • 5/8 Inch 

.J OUter 
Cylinder 2,548 927 3,475 

2,433 4,685 7,118 

- Outer 
Knuckle 6,649 5,425 12,074 

...J 

Crown 5... 6,411 11,969 
"""! 

Inner 
Knuckle 6,685 7,708 14,393 

- Inner 
Cylinder 3,774 2,115 5.889 

- Notes: <I) Allowable PIa • 1.0s.. ,. 20000 psi. 
(b) Allowable p .. + Pb ,. 1.5 S. ,. 30.000 psi. 
(c) Allowable PL :II 1.Ss,. • 30000 psi. 

- <d) Allowable PL + P~ + Q" 3.0 Sr60,OOO psi. 

<e) Includes p. and b cOlllpOnents. 


• 
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] TABLE 6. DEADWEIGHT LOADING CENTRAL CALORIMETER 

Argon Vessel Vacuum Vessel 

j 

j 

Dry Vessel Weight. lb 
Effective Liquid weight. lb 
Support Angle. degrees 
Dry Weight Moment, in-lb 
Liquid Weight Moment, in-1b 
Total Moment. in-lb 

24.000 
2.96 X 106 

50 
98,800 

620,300 
719,100 

25.000 
0 

46 
121.300 

0 
121,300 

. Notes: Above numbers calculated by Fer.i1ab, and are approximately 10 percent

• lower than values estimated by Battelle • 


B.S. Reinforcing Rings 

It was established that reinforcing rings were not required to re- ~ 
• Isist the deadweight loads of the filled vessels, due to the stiffness provided ~.,,~. 

by the heads. However, the heads will be removed from the vessels to access 
• the interior space for installation and maintenance of the vessel internals • 

With the heads removed, reinforcing rings are required to support the empty 
,i shell dead weights. Ring deSigns provided by Fermilab were found to be ade­

quate for this purpose. Ring cross-sections for the argon and vacuum vessels 
are shown in Figure 9. The applied laments in the rings with the heads 
removed. and the .inimum ring section modulus for this load case are shown in 
Table 7. These rings also provide necessary reinforcement of the shell 

I locally at the support stanchions, as discussed in Section B.8 of this report. 

B.6. Piping 

Six piping lines lie across the upper circumference of the argon 
vessel over a 130 degree arc. Three lines are 1t inch HPS and three are 
2 inch HPS; all are Schedule 40S stainless steel. assumed to be an lBer-8Ni 
TP304 with Sy!30 ksi and Su!75 ksi. The lines contain liquid or gaseous 
nitrogen or argon, at an ass~med pressure of 40 pSi. 
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B. 7. Nozzles 

The argon vessel is penetrated in several locations by 6-inch and 
a-inch nozzles, primarily for the electrical connections to the vessel 
internals. The nozzles are Schedule 80S pipe (TP304 stainless steel assumed) 
with non-integral reinforcement pads. The reinforcement in the nozzle designs 
were found to meet the requirements of UG-37(1). The generic nozzle 
configurations are listed in Table 10 and shown in Figure 11. 

TABLE 10. REINFORCEMENT AREAS OF NOZZLES AND PENETRATIONS 

.. 


., 

Vessel Nozzle Type(a) Pad 

Angle of 
Penetration. 

degrees 
Required(b) 
Area, in2 

Ava1lable(C) 
Area, 1n2 

• 

,
. ­

Argon
Vessel 

6" S80S 2 
811 saos 3 
8" saos 2 
12" S40S(d) 1 

i x 2i 
i x 3i 
3/4 x 3 
3/4 x 2, 

34 
0 

48 
50 

2.Z9 
3.04 
3.04 
4.78 

6.64 
6.69 
8.66 

12.66 

• 

• 

Vacuum 
Vessel 4" 5805 3 

8" saos 2 
12· 5805 3 
12" saos 2 
12· S40S(d) 2 

i 
i 
i 
i 
i 

x 3/4 
x 1i 
x 2 
x 2 
x 2 

24, 30 
32 
0 

45, 49 
46 

0.75 
1.49 
2.Z9 
2.29 
2.34 

2.76 
5.68 
5.92 
5.92 
5.90 

Notes: (a) Refer to Figure 11. 
(b) 	 Area shown for E a 0.65, Longitudinal plane. 
(c) 	 Area shown for E a 0.65, LongitUdinal plane, nozzle penetration 

on clear shell or weld joint Category B. Circumferential• 
orientation, and penetration of other joint categories also 

-, acceptable.
(d) 	 Support Stanchion. 

The argon vessel is penetrated by li-inch and ,-inch nozzles 
associated with liquid and gaseous argon and nitrogen. Per Article UG-36, 
these penetrations are not required to be reinforced.(l) 

.-! The vessel supports penetrate the vessel with 12-1nch Schedule 405 

- stanchions. The reinforcement by pads 3/4 inch thick and 2! inches in width 
meets the requirements of UG-37(1). 

] 


l 
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Due to the effects of curvature, the maximum moment from the SAVFEM 
analysis exceeded the maximum Chart Method moment by a factor of 1.5. This ~ 

factor was applied to the maximum moment calculated by the Chart Method for ( 
the It-inch piping, to get a moment of 4,650 in-lbs. With a stress intensifi ­
cation factor 1 ,. 2.09 per "C-3673 the maximum stress was 27,800 psi, which 
was acceptable. Refer to the calculations for further details. If greater 
than 7,000 full temperature cycles are anticipated by the user, the stresses 
must meet a lower allowable, per "C-3611.2,(3) or a fatigue analysis per 
VIII-2, AD-160(2) should be performed. 

Pressure stresses were calculated as Sp-PD/2t, per "C-3652.(3) The 
-

.. dead weight stresses were calculated for Pipe AEII-Argon Relief Line using the 
same finite element beam model as was used in the thermal stress analysis. 
The dead weight stress value for the Ii-inch NPS lines was estimated from the 
Pipe Run IIEII results, with corrections for unit weight and section modulus. 
Pressure and dead weight stresses are shown in Table 9. Pressure and dead 
weight stress were added and compared to the allowable stress for static 
design loads of 1.5 Sh-28125 psi, per Article "C-3652, and found to be very 
low relative to the allowable. 

TABLE 9. STATIC DESIGN LOAD STRESSES, PIPE liE", 2- INCH ARGON RELIEF LI"E 
• 

Total Pipe Sect10n(b)• Weight, lb/in{a) Modulus, 1n3 PO/2t(C) MA/l SSL 1.5 Sh 

• 	 Pipe liE" 
2 Inch NPS 0.4742 .597 735 580 815 28,125
Sch. 40S 

Equivalent
It Inch HPS 0.3294 .351 265 685 950 28,125

J Sch. 40S 

J 
 Notes: (a) Pipe containing liquid Argon, Specific Gravity - 1.4. 

2(b) Z ,. 'f\' rmtn. 

(c) P ,. 40 psi.J (d) MA = [Mx2 + My2 + Mz2)! 
(e) SSL = PD/2t + MA/Z.

] 

] 
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TABLE 7. REINFORCEMENT RING BENDING MOMENTS 
WITH HEAOS REMOVED, CENTRAL CALORI­
METER 

Maximum Required(a) As-Oes1gned(a)
Ring Ring Section Section 

Description Moment, i n- 1 b Modulus, ; n3 MOdulus,;n3 

Argon ZLZlx2ixt- Vessel Plixl7-3/4 Z9,925 1.6 ZS.6 

Vacuum ZLlix1txi 
Vessel Plix15-3/4 Z9,995 1.6 	 15.0 

- Notes: (a) Includes effect of shell width, =1.10 I~. 

Section VIII Divisions 1 and Z do not address piping sysfems except 
that if they are considered within the boundaries of the stamped vessel, the 
rules are to be applied to the piping as an extension of the vessel. If the 
boundaries are terminated at the first circumferential weld in the nozzle, the 
rules need not be applied to the piping. For purposes of this review, the] 	 vessel boundary was assumed to occur at the first nozzle weld. However, 
guidance in evaluating the piping was obtained from Section III, Nuclear Power 

1.. Plant Components, -Division 1. Subsection NC, Class 2 Components(3), which 
contains rules for the analysis and design of piping systems in Article NC­
3600. loads that were considered were pressure, deadweight and thermal 
expansion. 

Thermal expansion stresses were calculated for a change in tempera­
ture from 70 F to -300 F, using the Chart Method(19). The Chart Method was 
used to estimate thermal expansion stresses by hand, by approximating a 
complex piping run as a series of U- or Z-bend configurations, each of which 
is fixed at its ends. The method considers the flexibility of bends and other 

] 	 factors, but is generally considered conservative. Fermilab performed 
analyses of the expansion loops using this method. Battelle performed similar 
analyses of the expansion loops, and estimated maximum moments and nozzlel 

- loads. The results are found in Table S. Stresses calculated for the 
expansion loops by Fermi14b and Battelle were comparable to each other. From

J 


J 
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NC-3611.Z(3) the allowable thermal expansion stress range is Sa = 0.25Sc + 

l. Z5Sh = 1. 5Sh = 28,125 psi, for less than 7,.000 full temperature cycles. 

TABLE 8. 	 THERMAL EXPANSION STRESSES, 
CALCULATED BY CHART METHOD 

Pipe 	 Fermi 8attelle Maxin.am Maximum 
Run NPS Se, psi Se, psi Moment, in-lb Force, lb 

. 	 A Ii 14,195 11.850 2,414 172 

8 It 7.936 7.825 3.084 225 

C 2 10,622 11,185 3,625 177 

D Ii 16.314 14,495 2,953 240 

I 

, 

,; 

E 2 15,402 13.870 5,197 535 


1 	 F 1 13.275 13,105 4.248 465 
.J 

--' 

J .. The Chart Method calculations did not take into account the curva­
ture of the piping around the vessel. which would result in additional bending 

] 	 and torsional moments. Therefore, a beam member finite element analysis was 
performed, using SAVFEM<18), to obtain more accurate stresses. Pipe Run lIE". 

ZU Argon Relief Line. was selected for the detailed analysis based on itsl 

l 

-' relatively high level of stress as estimated by hand. The model contained 
53 nodes and 52 beam elements, and included the 98 inch radius of curvature of ] the piping around the vessel. The model is shown in Figure 10. 

The maximum resultant moment was calculated as 7705 1n-lb, in the 

...J 
expansion loop. NC-3653.2(3) requires use of a stress intensification factor • 
i, for various types of fittings. Per "C-3673, i • 2.27 for short radius 

] 	 bends.(3) With i • 2.27. the thermal expansion stress was 29,300 psi, which 
exceeded the allowable by only 4 percent. This was considered acceptable, as 
the analysis was inherently conservative by neglecting the flexibility in] 
connected piping and at the shell. Reactions at the ends were calculated as 
5,530 in-lbs and 660 pou"ds shear.] 

] 

http:Maxin.am
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Table 10 shows required and available nozzle reinforcement areas. 
calculated in accordance with UG-36 through UG-41(1). The calculations were 
performed considering a Joint Efficiency of 0.65. The available areas shown 
in Table 8 assumed the nozzles penetrated clear shell or weld joints of 
Category B only. The specified reduction in available reinforcement areas for 
penetration of other weld types did not result in disqualification of any 
nozzle designs. The results in Table 10 are for a cross-section in the vessel 
longitudinal plane. The nozzle reinforcements in all cases were also 
acceptable for cross-sections in the vessel circumferential plane. Refer to 
the calculations for further details. 

• B.8. Local Shell Stresses at Nozzles 

The local stresses in the cylindrical shells were calculated using 
the method of Reference ZO, which is an extension of the widely used Bijlaard 
analysis. Although the procedure is mechanical, it is based on thin shell 
theory and experimental work. 

Membrane stresses were classified as local primary and bending 
stresses as secondary. Division 1 provides no guidance or criteria for 
evaluating local stresses. The Division Z local primary and secondary stress 

>.:::~.~' allowables were used as acceptance criteria. 
Thermal expansion and deadweight loads at the Z-inch nozzle of Pipe 

Run ME- are shown in Table 11. Local primary and secondary stresses in the 
shells due to the thermal expansion loads from the piping are also shown in 
Table 11. The piping dead weight loads were omitted from the Bij1aard 
analysis, but were judged to not increase stresses significantly. Table 11 
shows that the combination of primary and secondary stresses in the shells due 
to pressure and thermal expansion of piping are well under the applicable 
allowable stresses. The local shell stresses due to loadings at the ii-inch 
nozzles were not calculated. but were judged to be acceptable by comparison to 
the Z-inch nozzle. 

Local stresses in the shell due to loads at nozzles 4 inches in 
diameter and larger were not evaluated. Based on information from Fermilab. 
thermal expansion and dead weight loadings at these nozzles were insigni­
ficant. since the nozzles serve as electrical cable ports. 

---- ,.,,-"-'" 
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TABLE 11. 	 THERMAL EXPANSION AND DEADWEIGHT 
LOADS AND STRESSES, 2-INCH NOZZLES 

( 

Loads(a) Stresses. psi(b) 
Deadweight Thermal Calculated Allowable 

P ,. 25 lb 
Vc ,. 5 lb 

• VL ,. 5 lb 

Mr • 70 in-lb. .. Mc ,. 25 in-lb 

ML • 20 in-lb 

50 lb Pm • 6,585 
175 lb PL ,. 480 
660 lb Pm,L + Pb • 11.300 
2,300 1n-lb Pm,L + Pb + Q • 20,505 
5.530 1n-lb 
1,645 in-1b 

Sm ,. 	 20,000 

1.5 Sm • 30,000 
1.5 Sm ,. 30,000 
3.0 Sm ,. 60,000 

• 
Notes: (a) Refer to Figure 12 for load orientation. 

(b) 	 Calculated stresses for pressure and theraal expansion. Piping
dead weight loads omitted. • 

The local stresses in the argon vessel shell at the support 
• stanchions due to vessel deadweight were calculated, also by the Bijlaard 

, 
Imethod. When stresses were combined with primary pressure stresses, it was 

• 	 found that approximately 32 kips per stanchion in vessel weight was the 
maximum acceptable load without additional reinforcement locally. The 
reinforcement of the nozzle as specified by Articles UG-36 through UG-41(1)• 
were required for membrane stresses due to pressure. and were not considered 
reinforcement for additional external loads. However. the external rings, 

• 
designed to support the empty shell with the heads removed, stiffen the shell 
locally around the nozzle. The reinforcement provided by the rings are 

• adequate to support a load of lB5 kips at each stanchion. The allowable 
bending stress in the ring is 2/3Sy.20 ksi, per 13-4(b)(2)(1). Using weights 

• 	 of 24 kips for the dry vessel and 147 kips for the liquid argon and displaced 
liquid argon volume, the maximum applied load is 43 kips per stanchion. which 
is less than the 185 kip capacity. The minimum ring section modulus in the • 
vicinity of the stanchion required to support the 43 kip load at a stress of 
20 ksi is 6.6 in3• Refer to the calculations for further information. 

• The unreinforced load capability of the vacuum vessel is also 
32 kips per stanchion. As this is greater than the total weight of the 

• 

• 

http:2/3Sy.20
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vessel, the local reinforcement of the shell offered by the rings provides 
substantial additional strength. 

C. ENOCAP CALORIMETER VESSELS 

C.l. Description of the Endcap Calorimeter Vessels 

a. Geometry 

An endcap calorimeter 1s located at each end of the central 
calorimeter of the O-Zero cryostat. Each endcap calorimeter (EC) is comprised 
of two vessels. an inner vessel containing liquid argon and instrumentation 
modules, and an outer vessel containing a vacuum for insulation. The vessels 
are shown in Figure 13. Both EC assemblies are identical. Therefore, 
descriptions of the vessels and results of analyses provided herein apply 
equally to both EC assemblies. 

Each vessel consists of a horizontal cylinder. with diameter 
approximately 3.3 times its length. The outside diameters are the same as the 
outside diameters of the corresponding vessels of the central calorimeter. 
The vessel closures facing toward the central calorimeter are defined as the 
front closures or heads. The front heads consists of two shell segments 
joined non-tangentially to each other and to the cylindrical shell. The inner 
segment is a spherical convex-outward shell with a 100 inch radius of 
curvature and outer diameter, typical of both the argon and vacuum vessels. 
JOining the convex shell to the cylinder, in each vessel, is an annular 
spherical concave shell segment with radius of curvature equal to the diameter 
of the cylindrical shell. Reinforcing rings are located at the joints between 
the cylinders and the concave shells, and between the concave and convex 
shells. 

The vessel closures at the outside ends of the cryostat assembly are 
defined as the rear closures or heads. They consist of common torispherical 
shells, with 6 percent radius knuckles at the head-to-shell joints. The front 
and rear heads of the inner and outer shells contain central openings. Within 
each vessel a tube connects the front to rear heads along the vessel center­
lines, at these openings. ,The openings thus pass through the lengths of the 
vessels. 

~ 
( 
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b. Vessels Contents 

The contents of the inner and outer ves'sels of the endcap calori ­
meters are essentially identical to the contents of the corresponding vessels 
of the central calorimeter. The pressure and temperature conditions are also 
the same. Refer to Section B.1.b of this report for further details. 

The volumes of the EC vessels differs from the corresponding CC 
vessels. The estimated weights of the EC vessels and their contents are shown 
in Table 12. 

TABLE 12. ESTIMATED WEIGHTS. ENDCAP CALORIMETER 

Estimated 

Item Weight, kips 


Inner Shell 25.9 
Modules 433.8 
5,000 Gal liquid Argon 58.3 

Total 518.0 ..."", 
/ 

Outer Shell 18.4 

c. Materials of Construction 

The EC vessels are to be constructed of the same 18Cr-8Ni high alloy 
stainless steel as the CC vessels. Refer to Section B.1.c and Table 2 of this 
report. The tubes located along the EC vessel centerline connecting the front 
and rear heads are to be constructed of sea.less extruded aluminum, SB-214, 
Type 5083, 01" equivalent. Pel" References 1 and 2, material properties of the 
aluminum are as shown in Table 13. 

d. Method of Support 

The EC vessels are supported in a manner essentially identical to 
that of the CC vessels. Refer to Section B.l.d and Section 0 of this report. 
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TABLE 13. 	 SPECIFIED MATERIAL PROPERTIES IN ACCORDANCE 
WITH ASME CODE, SECTION VIII, DIVISIONS 1 AND 2, 
SEAMLESS EXTRUDED ALUMINUM, SB-214, TYPE 5083 

Specified Minimum Yield Strength, Sy 
Specified Minimum Ultimate Strength, Su 
Division 1 Allowable Stress. Sa 
Division 2 Design Stress Intensity, Sm 
Modulus of-Eilsticity, E 
Instantaneous Coefficient of 

Thermal Expansion, 70 F 

24.0 ksi 
40.0 ksi 
10.0 ksi 
13.3 ksi 
10.3 x 103 ksi 

12.90 x 10-6 in/in/F 

e. Other Components 

to 
The scope of the review of the EC vessels is essentially identical 

that of the CC vessel review. Refer to Section B.l.e of this report. 

f. Loadings 

Loadings that were considered in the review of the EC vessels were 
identical in scope to those of the CC vessel review. Refer to Section B.1.f 
of thi s report. 

C.2. Minimum Shell Thicknesses and Maximum Pressures 

a. Joint Efficiencies 

The Code incorporates a Welded Joint Efficiency, E, in its strength 
calculations. The Joint Efficiency is essentially a level of confidence in 
the joint strength inspired by the degree of examination. Welded Joint 
Efficiencies for various degrees of examination and methods of construction 
are specified in Article UW-IZ(l}. A Joint Efficiency equal to 0.65 was 
considered in the subject ,analyses, corresponding to single-welded butt 
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• 
secondary stress intensity evaluation according to Division 2 criteria. The 
NONLIN analyses and results are described in a subsequent section of this 
report. Reference to the calculations should be made for more detailed 
information. 

• The 100-inch spheroidal convex shell segment located at the center 
of the front heads is common to both the inner and outer vessels. The segment 
was evaluated using the Code equations for spherical shells. per 
Articles UG-27 and UG-2S(1), and for hemispherical heads per Articles UG-32 
and UG-33(1). The calculations for either configuration are identical. The 
minimum required thicknesses for the design pressures were less than the 
design thicknesses. and maximum allowable pressures for the design thickness­
were greater than the design pressures. These are summarized in Table 15. 

TABLE 15. MINIMUM THICKNESSES AND MAXIMUM PRESSURE 

.. SPHEROIDAL CAPS, FRONT HEADS, ENDCAP 
CALORIMETERS 

-..-'Inner Outer 
Vessel Vessel I 

Oesign Thickness, td inch 

Oesign Pressure, Pd, psi (tnt/Ext) 

UG-27/32. Internal Pressure(a) 


tmin at Pd, inch 
Pmax at td, psi 

UG-28/33, External Pressure 
tmin at Pd, inch 
Pmax at td. psi 

.. Design Collapse Pressure, ps;(b) 

.420 
40/15 

.164 
102 

.300 
28 

30 

.420 
15/15 

.062 
102 

.300 
28 

30 

Notes: (a) Joint Efficiency, E =0.65. 
(b) Based on experimental lower bound, per Ref. 13, with S.F. = 4.0. 

The elastic collapse pressure was calculated, treating the shell segment as a 
shallow spherical cap. The calculated critical pressure was based on a lower 
bound of test data.(l3) The 

, 
calculated value was in essential agreement with 

the Code external pressure calculations, taking into account an inherent 
Safety Factor of 4 in the Code values. 



The annular spheroidal concave shell segments which complete the 
front heads are relatively shallow, typically subtending approximate 
meridional angles from 15 to 30 degrees from the vessel centerline. Due to 
their shallowness and short meridional arcs, they approach shallow conical 
shell segments in geometry and behavior. The required thicknesses and maximum 
pressures were calculated by Code formulas for both spherical and conical 
shells, and were found to be acceptable. These results are shown in Table 16. 
Theoretical or experimental elastic collapse pressures for shallow spheroidal 
segments were not found in available references. However, theoretical and 
experimental resylts did exist for conical segments. The subject shells were 
evaluated accordingly with results as shown in Table 16. For both vessels, a· 
pressure external to the concave shell is produced by a positive pressure 
within the vessel. due to the reentrant configuration of the shell segments. 
Experimental data(22) indicated that the ASHE Code design equations possess 
minimum Safety Factors that range from 2.4 to 4.9. The allowable pressure in 
the inner vessel exceeds the applied pressure regardless of the method used to 
calculate the value. The allowable pressure in the outer vessel is less than 
the design pressure of 15 psi. However, taking into account minimum safety 
factors typical of the Code, and the fact that the vessel is not operated with 
an internal pressure. the shell segment may be considered acceptable for its 
intended function. 

Conical shells that intersect with cylindrical or other shell types 
experience large discontinuity stresses at the intersections.(21} Reinforce­
ment rings at the shell jOints are required to stabilize the local compressive 
stresses that occur at those locations and to transfer loads between shells. 

e. Aluminum Centerline Tubes 

A seamless extruded aluminum tube ;s located along the centerline of 
each EC vessel. connecting the front and rear heads. The tube effectively 
creates a circular opening clear through the vessel. The tube of the outer 
vessel therefore runs concentric with and inside the tube of the inner vessel 
(see Figure 13). Metal bellows expansion joints are fitted to the nozzles at 
the rear heads, eliminating axial loading on the tubes and local normal loads 
on the shells. 



40 

TABLE 16. 	 MINIMUM THICkNESSES AND MAXIMUM PRESSURE CONCAVE 
SHELL SEGMENTS, FRONT HEADS, ENDCAP CALORIMETERS 

Inner Outer 

Vessel Vessel 


Design Thickness, td inches 
- ' 

Design Pressure, Pd. psi (Int/Ext)(a) 

UG-27/32, Internal Pressure(b) 
tmin at Pd Spherical

Conical 

Pmax at td Spherical 

Conical 


UG-33, External Pressure 
tmin at Pd Spherical

Conical 

Pmax at td Spherical 

Conical 


Conical Oesign Collapse
Pressure, psi 

1.760 

15/40 

.119 


.156 


218 
167 

1.05 
1.25 

83.4 
60.5 

169(c,e) 

102(d,e) 

.625 

15/15 

.126 


.167 


74 
56 

.600 


.850 


16.3 
8.0 

20(c,e) 

15(d,f) 

Note: (a) 	 Due to reentrant configuration, external and internal pressures 
are reversed. 

(b) Joint Efficiency, E z 0.65. 
(c) Calculated according to Refs. 21 and 22. 
(d) Calculated according to Ref. 14. 
(e) Minimum Safety Factor = 4.0. 
(f) Minimum Safety Factor =2.4. 
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TABLE 17. MINIMUM THICKNESSES AND MAXIMUM PRESSURE 
ALUMINUM CENTERLINE TUBES ENDCAP 
CALORIMETERS ' 

• 

Inner Outer 
Vessel Vessel• 

Design Thickness, td inch 
Design Pressure, Pd. psi (Int/Ext){a) 
UG-27, Internal Pressure{b) 

tmin at Pd~ inch 
Pmax at td. psi 

UG-Z8. External Pressure 
• 	 tmin at Pd' inch 

Pmax 	 at td. psi 

.125 
15/40 

.004 
463 

.~5 
103 

.125 
15/15 

.002 
862 

.048 
382 

• Note: (a) 	 Due to reentrant configuration, external and internal pressures
are reversed. 

(b) 	 Joint Efficiency, E = 0.65. 

are reversed. 


The tubes were found to comply with Articles UG-27, -28. and -31 of 
the Code, although they can also be considered outside the boundaries of the 

• 	 vessels. Minimum thicknesses and maximum pressures are shown in Table 17. 
The preliminary nozzle design consisted of aluminum and stainless steel 
flanges roll-bonded to form a single flange. The aluminum tube is then welded• 
to the aluminum half of the flange, and the stainless steel half of the flange 
is welded to the shell. This nozzle design was not checked for compliance to 

• 
any design rules. due to the preliminary nature of the design. 

• 	 C.3. Primary and Secondary Stress Analysis 

As has been noted, not all details of design and construction were 
explicitly covered by the Rules of Division 1. Article U-2{g) specifies that 
in such cases. details of design and construction be provided that are as safe• 
as those of Division 1.(1) Toward this end, a detailed stress analysis was 
performed of the endcap calorimeter in accordance with the specifications of 
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Oivision 2, Alternative Rules. The Division 2 procedure requires calculation 
of general and local primary membrane and bending stresses, secondary 
stresses, and peak stresses. The stresses are categorized on the basis of 
location and the consequences of the stress exceeding yield. Allowable 
stresses are established accordingly, based on the Maximum Shear Stress Theory 
of failure. (6) 

The stress analyses were performed using program HaNLIN, which was 
developed at Battelle for the stress analysis of metallic bellows and 
diaphragms. (15) Program NONlIN performs direct numerical integration of the 
differential 'equations for nonlinear thin elastic shells of revolution. The 
theory assumes small strains but large rotations. 

Stresses were combined manually from the NONlIN output to obtain 
stress intensities. The stress intensities were calculated, in accordance 
with Appendix A of Division 2, as the largest absolute value of the difference 
between principle stresses, 01-02. 02-03, or 03-01.(2) The stress intensity 
is equal to twice the maximum shear stress. This calculation was performed 
separately for membrane and bending stresses. using meridional and circum­
ferential stresses as principal stresses 01 and 02, respectively. The normal 
pressure (internal or external) was used for principal stress 03. The 
membrane and bending stress intensities were added and compared with the 
allowable stress intensities per Articles 4-130 and Table 4-120.1 of 
Oivision 2. 

The calculated stresses are plotted in Figures 14 and 15 for the 
inner vessel of Endcap Calorimeter. Figure 16 schematically indicates the 
stress output regions identified in Figures 14 and 15. Stress and displace­
ment distributions throughout the outer vessel are similar in nature to those 
of the inner vessel, but are of lower magnitude. 

The maximum stress intensities at various locations of the vessel 
are summarized in Table 18 for the configuration with stiffening rings • 
Calculated stress intensities were below allowables at all locations in both 
the inner and outer vessels. Refer to the calculations for further 
information • 
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FIGURE 16. SCHEMATIC OF STRESS OUTPUT REGIONS 
IDENTIFIED IN FIGURES 14 AND 15 
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TABLE 18. PRIMARY AND SECONDARY STRESS INTENSITIES (PSI)
DUE TO INTERNAL PRESSURE, ENDCAP CALORIMETER 

Segment 

Centerline 794 
Tube 	 9,056 14,723 23,739 

Convex 5,164 8,909 14,073 
Spherical Cap _4,921 8,286 13,207 

18,562 15,198 33,760 

Concave Spherical 	 14,178 13,126 27,304 
• 	 Annulus 5,990 13,854 19,844 

17,293 12,708 30,001 

• 

Cylinder 
6,605 6,757 13,362 

4,071 

5,916 

46,886 

15,596 

50,957 

21,512 

., 
Tori sphere 

Knuckle 
24,020 25,026 49,046 

Tori sphere 6,377 37 6,414 
11,541 1,354 

.. Motes: (a) All owab 1 e Pm • 1.Os,. • 20000 ps i. 
(b) Allowable Pm + Pb • 1.5 Sm • 30,000 pSi.
(c) Allowable PL • 1.5s,. • 30000 pSi. 
(d) Allowable PL + Pb + Q • 3.0 Sm-60,OOO pSi.
(e) Includes Pm and Pb components. 

C.4. HonSymmetr1c Loading 

'" The weight of the vessels and contained fluid apply a nonsymmetric 
load to the shells. Correlation of deterministic parameters with data from 

Reference 17 indicates that the heads substantially stiffen the cylindrical 
shells against gross nonsymmetric loading • 

... 




47 

The front and rear head shell segments of the inner vessel were 
evaluated for the combined weights of shells plus fluid using the simple 
handbook models shown in Figure 17, per Reference 14. The rear torispher1cal 
heads were treated as spherical segments. The concave annular shell segments 
were evaluated both as a spherical and as a.conical shel,l ,segment. The calcu­
lated membrane stresses were cOibined with the pressure stresses and were 
determined to be acceptable. Results are shown in Table 19. The analysis 
showed that the heads provide adequate stiffness to support the vessels 
without stiffening rings. Reinforcing rings are required to stabilize the 
front head shell segments under compressive stresses, as discussed in 
Section C.S of this report. 

TABLE 19. 	 NOHSYMMETRIC LOADING, ENDCAP 
CALORIMETERS, STRESSES, PSI 

C.S. Reinforcement Rings 

Large discontinuity stresses exist at the joints between shell 
segments of the front heads. The stresses may be compressive in either the 
meridional or circumferential direction. depending on pressure and geometry. 
Reinforcement rings at the joints are required to stabilize the shells under 
compression, and to transfer load between shells. 

As noted in Section C.2.d, the concave annular shell segments were 
approximated as conical segments. The Code rules for determining reinforce­
ment requirements of conical segments are based on a simplified discontinuity 
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analysis. The rules for reinforcement of conical segments under internal 
pressure are contained in Appendix 1-5(1), and the rules for external pressure 
are in Appendix 1-8(1). The rules specify that half the cone angle must be 
less than 60 degrees. However, by eliminating simplifications inherent in the 
Code formulas, based on References 21 and 22, the rules can be considered 
analytically valid in the cone angle range of interest, up to 75 degrees.

• 
Refer to the calculations for further details. 

Reinforcing ring minimum cross-sectional areas and moments of 
• inertia are shown in Table 20. Ring 1 is located at the jOint between the 

cylinder and th~ concave annulus. Ring 2 is located at the joint between the 
concave annulus and the-spherical cap. All ring properties were calculated 
for a Joint Efficiency of 0.65. 

• 
TABLE 20. 	 REINFORCEMENT RING MINIMUM SECTION 

PROPERTIES, FRONT HEADS, ENOCAP 
CALOR IMETERS• 

~ Mi nimum Minimum(b) Maximum (c) 
Vessel Ring(a) Area, i n2 Inert i a, i n2 C, in2 

-

Inner 1 16.5 8.2 	 3.8 
2 18.3 14.6 	 2.3 

Outer 1 17.7 33.3 	 4.0 
2 5.8 5.7 	 2.3 

Notes: (a) Ring 1 is located at the jOint between the cylinder and the 
concave annulus. Ring 2 is located at the joint between the 
concave annulus and the spherical cap. 

(b) Moment of inertia is calculated about an axis parallel
the cylinder wall, located at the centroid of the ring
cross-section. 

to 

(c) Dimension ·c· is the maximum meridional distance from 
joint within which the ring centroid must be located. 

the 

Reinforcement rings are also attached to the cylindrical shells near 
the rear head-to-she11 joints. Ring cross-sections for the inner and outer 
vessels are shown in Figure 18. These rings are required to support the 
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cylindrical shells with the rear heads removed. The applied moments in the 
rings with the heads removed and the minimum ring section modulus for this 
load case are shown 1n Table 21. These rings also provide necessary 
reinforcement of the shell locally at the rear support stanchions, as 
discussed in Section C.S of this report. 

TABLE 21. REINFORCEMENT RING BENDING MOMENTS 
WITH HEADS REMOVED. ENDCAP CALORI­
METER 

Maximum Required(a) As-Designed(a)
Ring Ring Section Section 

Description Moment, in-lb Modulus, in3 Modulus,in3 

Argon 2Llix1ixt 
Vessel PLixl5-3/4 29,925 1.6 15.1 

Vacuum 2LlixliXt 
Vessel PLtxlS-3/4 29,995 1.6 8.7 

Hotes: (a) Includes effect of shell width 1 = 1.10 iRt. 

C.6. Piping 

Inspection of the 1i-inch and 2-inch diameter piping 1; nes located 
along the upper circumference of the inner vessel of the endcap calorimeter 
indicates that they are very similar to the 1i-inch and 2-inch lines on the 
inner vessel of the Central Calorimeter. The piping on the CC inner vessel 
was found to be acceptable, meeting the general requirements of Reference 3. 
Based on the similarity of the piping systems on the two vessels, the li-inch 
and 2-inch diameter lines on the EC inner vessel were judged to be acceptable, 
subject to the same restriction on thermal fatigue cycling as the CC piping. 
Refer to Section B.6 of this report. 
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C.7. Nozzles 

Design details of nozzles in the EC inner and outer vessels were not 
provided. However. since the cylindrical shells of the corresponding EC and 
CC vessels are identical in thickness, radius, and pressure loading. nozzle 
details in the cylindrical shells of the CC vessels will be adequate in the 
cylindrical shells of the EC vessels. for similar loading conditions. Refer 
to Section S.7 of this report. 

Design details of the nozzles for the aluminum centerline tubes, 
located in the front and rear heads were not available at the time of this 

review • 

C.B. local Shell Stresses at Nozzles 

Local shell stresses at the piping nozzles and the support 
stanchions of the CC vessels were evaluated using well-known analytical 
techniques(20), and were found to be acceptable. Piping nozzle loads in the 
EC vessels were assumed to be similar to those of the CC vessels, based on the 
similarity of the shells and piping systems. Refer to Section C.6. The local 
stresses in the cylindrical shells of the EC vessels were therefore considered 
acceptable by comparison to local stresses in the CC vessels. 

The support stanchion design of the EC vessels are similar to those 
of the CC vessel. Analysis of local stresses in the CC argon vessel shell at 
the support stanchion indicated that the maximum stanchion load without 
additional reinforcement was 32 kips. The reinforcement provided to satisfy 
Articles UG-36 through UG-41 were not considered to contribute to the shell 
strength. Based on the similarity of the EC stanchion and shell joint to the 
CC jOint, the limit of 32 kips per stanchion unreinforced also applies to the 
EC vessels. However, the rear external ring, designed to support the empty 
shell with the rear head removed, stiffens the shell locally around the 
nozzle. The reinforcement provided by the ring ;s adequate to support a load 
of 95 kips at each rear stanchion. The allowable bending stress 1s 
2/3Sy =20 ksi, per 13-4(b)(2).(1) Using weights of 26 kips for the dry 
vessel and 135 kips for the liquid argon and displaced liquid volume, 
distributed 76/24 percent rear/front, the maximum applied load is 62 kips per 
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rear stanchion~ which is less than the 95 kip capacity. The minimum ring 
section modulus in the vicinity of the stanchi~n required to support the 
62 kips load at a stress of 20 ksi is 9.6 in3• Refer to the calculations for 

further information. 

The front stanchions are located with 2 inches clear shell between 

• 	 the edges of the stanchion and front reinforcement ring. The stanchion jOint 
is therefore unreinforced by the ring. The actual load on the front 
stanchions is 20 kips, which is less than the 32 kip capaCity, unreinforced. 
The load capacities at all support stanchions of the vacuum vessel exceed the 
total vacuum vessel weight. Local stresses are therefore acceptable. -

D. VESSEL SUPPORTS
• 

0.1. Description 
• 

The CC vessels are supported at four locations as shown in Figure 2 
by a complex 	assembly of members which allow free thermal expansion and 
contraction of the inner vessel. A typical assembly is shown in Figure 19 and 
consists of 	components as follows. A vertical 12-inch Schedule 40S stanchion• 
penetrates the cylindrical shell at a -hillside- angle of 49 degrees. Inside 
the stanChion ;s a flat shear plate, which sits on 4 inches of thermal insula­

• tion. The insulation in turn sits in a counter-bored seat in the top of a 
circular plate 2-3/8 inches thick and 10-15/16 inches in diameter. This plate 

• 	 has 3/8-inch deep grooves machined into the bottom surface to accommodate 

fourteen vertical plates, each 0.420 inch thick. 7.686 inChes wide and 12.75 

inches long. The lower ends of the fourteen plates are inserted in machined
• 
grooves in the top surface of a circular plate 2 inches thick and 12 inches in 
diameter. This lower plate is inserted in the bottom of a vertical 12-inch 
Schedule 40S stanChion which penetrates the vacuum vessel. The fourteen 
vertical plates are enclosed by the vacuum vessel stanChion. The top of this 

• stanchion is cutoff to maintain a clearance below the stanchion which 
penetrates the argon vessel. The argon vessel is thereby thermally isolated 
from the vacuum vessel, and free to undergo thermal expansion. Each of the 
four assemblies is supported by massive cradles mounted on roller bearings. 

• 

• 
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• 
Each of the CC pedestals will be loaded up to 179 kips. The EC 

cryostats weigh less than the CC cryostat, but the EC center of gravity is not 
located symmetrically between the front and rear pair of pedestals. The 
maximum load on the EC pedestals is 197 kips, which exceeds the CC loads. The 
supports have been evaluated for the 197 kip load. 

• 
0.2. Flex Plates 

• 
The fourteen vertical plates in each pedestal assembly are made from 

Inconel 718, with Sy • ISO kSi, Su • 180 ksi, and E • 29.8 x 106 psi. The 
• plates flex in a reversed bending mode as the vessel undergoes thermal 

expansion. The weak axes of the plates are toed in 20 degrees with respect to 
• 	 the vessel longitudinal axiS, to accommodate both longitudinal and radial 

components of thermal displacement. The horizontal component of the radial 
thermal contraction of the argon vessel, fro. 70 F to -300 F, is 0.Z30 inch.• 
The longitudinal movement through this change in temperature is 0.081 inch. 
The net displacement at the tops of the flex plates is 0.244 inch, or t inch 

• nominally. 
The 197 kip pedestal load applies an average vertical compression to 

• 	 the flex plates of 14070 lb/plate. The plates are thus slender beam-columns. 
The minimum critical elastic buckling load of beam-columns occurs in a 

• 	 cantilever bending lOde where Pcr • wZEI/4LZ.(Z3) With a plate moment of 
inertia of 0.4744 in4, Pcr • Z1450 1b/plate, which exceeds the average plate 
load of 14070 1b/plate by a factor of 1.5. End conditions are more highly

• 
controlled than in the cantilever model used such that the actual Pcr is 
several times the Z1450 lb/plate value calculated. Therefore. it is unlikely 
that local overloading of individual plates by rotations or moments 
transferred from the argon vessel or the frame supporting the argon vessel 

• 	 internals will result in a critical load condition. The entire vessel is 

stabilized against nonsymmetric lateral displacement in any direction by the 


• 	 combined horizontal angle between front and rear supports of 40 degrees, as 

shown in Figure Z. 


The flex plates, being primary supports, were also evaluated by the 
AISC Specification for the Oesign, Fabrication, and Erection of Structural 
Steel for Buildings, which.comprises Part 5 of Reference 4. Bending moments 

• 
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and transverse shear loads in the plates under the average compressive load, 
with a t inch reversed-bending deflection, were calculated to be 12315 in-1b 
and 1655 pounds, respectively. Bending, axial, and shear stresses are shown 
in Table 9, along with the corresponding allowable stresses per the AlSC 
Specifications. The AISC specifies limits on the combined bending-compression 
interaction, by Equations 1.6-1a(4). The plates were treated as guided 
cantilevers, with an effective buckling length factor K = 1.2, per 5-1.8 of 
Reference 4. This resulted in a bending-compression interaction in 

• 
Equation 1.6-1a ~f 1.23, which exceeds the allowable of 1.0. However, this 
assumption was very conservative in that it disregarded the resistance to 
provided by the plates at the adjacent supports, with their bending axes 
rotated a relative 40 degrees. In that case, an effective length factor of 
K = 0.65 could be justified, and the bending-compression interaction would be• 
only 0.615, which is well under the allowable of 1.0. The AISC formulas 
possess an inherent Safety Factor of 2.0 for both bending and elastic• 
buckling. Refer to Table 22 for a detailed summary of the AISC evaluation. 

• 0.3. Support Stanchions 

• 	 The support stanchions below the argon and vacuum vessels are both 
12-1nch Schedule 40S pipe. The stanchions are cut diagonally to fit the 
vessel curvatures. The stanchions were analyzed and considered to be 

acceptable for their intended purpose. 

0.4. Shear 	Disc 

A shear disc is located inside the argon vessel stanchions. The 
disc serves three purposes. One function is to transfer argon vessel dead 
weight from the stanchion to the flex plate assembly. A second function is to 
provide a seating surface for the internal module support structure. The 
third function is to seat the complete vessel assembly positively on the G-10 
insulation pad. The shear discs were analyzed and considered acceptable for 
their intended function. -
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TABLE 22. AISC EVALUATION Of FLEX PLATES 

AISC 
Average Load Allowlb le Allowable Stress Reference 

Per Plate Stress. pst Stress. psi Equattor:- Art tcle 

I. INDIVIDUAL LOADINGS COMPONENTS: 

Bending 12.315 tn-lb 54.490 112,500 Fb ... 75 Fy 5-1.5.1.4.3 
Shear 1.655 lb 513 60,000 fv • .40 Fy 5-1. 5. 1. 2 • 1 
Compress ton 14.010 lb 4.360 9,375(4) fa .. 12112E 5-1. 5.1. 3.2 

31.720(b) 2"3("Kt/r )2 

II. 	 COMBINED LOADING INTERACTION: 

EQUATION l.b-Ia. U1 
....... 


f C fb 

I • Fa + 1 _ ~ IF' . ~ ~ 1.0. Cm • .B5, F~ '" fa 


a a e b 


I • .465 + .769 • 1.234 ) 1.0(1) 


• .138 + .484 • .615 ~ 1.0(b) 

Notes: (a) K '" 1.2. 
(b) K .. 	0.65. 
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0.5. Cradle Assemblies 

Below each vessel assembly is a massive steel cradle. mounted on 
four roller bearing devices. The cradles for the EC and CC vessel assemblies 
differ somewhat in dimensions. but are similar in construction. Each cradle 
consists of two box section beams parallel to the vessel centerline axis and 
to each other. Each;s approximately 16 inches wide. 21 inches deep, and 
constructed of Ii-inch thick plate. The beams of the CC cradle are 70 inches 
1n length. while those of the EC cradle are 60 inches in length. Extensions 
9 inches in length at each end accommodate the rolling elements. The beams 
are spaced 28 inches between inside edges. Bridging the two beams are fore 
and aft crossmembers 18 inches wide and 191 inches deep at their centers. also 
constructed of li-inch thick plate. 

In line with the box crossrnembers are tapered box section arms 
extending outward approximately 44 inches from the outboard sides of the 
longitudinal beams, and approximately 23 inches upward from the top edges of 
the beams. These arms support the cryostat flex plate assemblies. 73 inches 
horizontally from the vessel centerline and 46 inches off the ground 
elevation. 

The main structural members were evaluated for estimated combined 
vessel weights. The acceptance criterion was the AISC Specification for the 
Design. Fabrication, and Erection of Structural Steel for Buildings, which 
comprises PartS of Reference 4. The built-up box sections were determined to 
be adeQuate for the estimated loading. Material was assumed to be a steel 
with minimum yield strength of 35 ksi. Welds were not specified in available 
data and were not evaluated in the review. 

E. THERMAL STRESS ANALYSIS 

Conduction heat transfer and thermal expansion stress analyses of 
the inner vessels were performed to establish a maximum safe rate of coo11ng. 

The thermal stress problem is two-fold. The first aspect of the 
problem is the axisymmetric stresses resulting from temperature differences 
throug n the vessel walls and along the vessel meridian. The second aspect ;s 
the nonax;symmetric stress'es caused by the constraint against thermal 
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expansion provide by the internal modules at their support points. This 
second scenario is postulated to occur due to the large thermal mass and 
structural stiffness of the modules compared to the vessel shell. 

E.1. Analysis MethOds 

a. Acceptance Criteria 

It was specified by the user that the maximum cooling rates of the 
vessels be acceptable for 1.000 full cooldown cycles. Thermal fatigue 
analyses were performed in accordance with Section VIII, Division 2. 

Section VIII. Division 2 categories equivalent linear thermal 
stresses as secondary in nature.(2) As such they are subject to the limit of 
3 Sm in combination with other primary and secondary stresses that may occur 
sifllJltaneously. This assures shakedown to elastic action after a f'ew 
repetitions of the load. 

The Code specifies additional criteria be applied to stresses due to 
repeated and cyclic loadings. including thermal expansion stresses. Article 
AD-l60 specifies that a fatigue analysis be performed unless all of Condi­
tions A or B of AD-160.1 are satisfied. Also. all of Conditions AP or BP of 
AD-160.3 must be satisfied for nonintegra1 attachments and components.(2) 
Mandatory Appendix A, paragraph 4-136 allows relaxation of some basic stress 
a110wab1es if a plastic or limit analysis is performed. and gives specific 
requirements in 4-136.7 for a simplified elastic-plastic analysis. 
Specifically, the limit of 3 Sm may be exceeded if specified conditions are 
satisfied. Mandatory Appendix 5 specifies procedures for performing fatigue 
and thermal stress ratchet analyses. These items were addressed in the 
analyses. In addition, the possibility of local buckling of the reinforcement 
ring compreSSion flanges was examined, using AISC Specifications. 

Article AD-160.1 also permits user experi.ence with comparable 
equipment operating under similar conditions and design requirements to be a 
valid criterion for determining the need for a fatigue analysis. Due to 
conservatisms inherent in the analyses performed, significant applicable 
service experience may provide justification for exceeding the limits imposed 
by this analysis • 



b. Axisymmetric Analysis 

The transient heat conduction analyses were performed using program 
TAC020. a finite element 2-0 heat transfer code.(24) The following simpli­
fying assumptions were made in performing the analyses: 

1. 2-0. axisymmetric problem definition; 

2. 	 linear function with time (ramp) of cooling medium temperature. 
from +70 F to -300 F; 

3. infinite surface heat transfer coefficient, with cooling medium 
- temperatures applied directly to the inner shell surfaces;J 4. perfect thermal insulation at shell outer surfaces; 
~ 

I 	
5. the cool down is atmospheric. with no sustained pressure loading 

I 

J 	 occurring; 
6. 	 no liquid pooling; 

1 
j 	 7. no local hot or cold spots at nozzles, supports or equipment; , 8. no thermal interaction with internal modules; 

g. thermal material properties of 304 stainless steel versus 
1 

temperature per Reference 25. 
Stresses were evaluated at a time step corresponding to maximum 

J 	 calculated temperature differences through the thicknesses of the structure. 
The identical meshes used in TAC02D were input with nodal temperatures to~ 

J 
I 	 program SAVFEM(26) to obtain linear thermal expansion stresses. SAVFEM is a 

general-purpose finite element stress analysis code. Stress output includes 
"effectiveM or octahedral stress, which ;s virtually equivalent to the stress 
intensity defined as a criterion in Reference Z • 

•
I 

c. Monaxisymmetric Analysis 

, J The modules consist of box-type elements made from stainless steel 
plate, containing large quantities of uranium-based metal alloys. The modules 
form a massive ring-like structure inside the vessels. supported at the vessel 
support pOints. Compared to the vessel shells, the modules were expected to 

, respond very slowly to thermal inputs. Therefore 9 a difference of up to 370 FJ 
was postulated to occur between the average shell temperatures of the shells 
and modules. The modules ~ere also judged to be structurally much stiffer 

... 

/ 

-
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than the vessel shells. such that they provide significant constraint against 
free thermal expansion or contraction of the shells at their common support 
points. 

The bending stresses in the shells resulting from the constrained 
expansion or contraction were estimated by a combination of hand calculations 
and finite element anlayses. Maximum differences between average temperatures 
of the modules and shells ~ere determined such that fatigue and structural 
integrity criteria were satisfied. 

E.Z. Central Calorimeter Inner Vessel 

a. Axisymmetric Temperature Solution 

The CC inner vessel was evaluated via axisymmetric finite element 
heat conduction analysis, using program TAC02D. The mesh consisted of 
106 nodes and 67 4-node linear temperature elements, with two such elements 
through the shell thickness. as shown in Figure 20. The meshes used two 4­
node linear temperature elements through the shell thickness. The reinforce­
ment rings were included in a simplified manner. 

Temperatures were calculated for cooldown rates of 92.5 F/hour and 
185 F/hour, corresponding to 4-hour and 2-hour temperature ramps. respec­
tively. Time steps of 0.5 hour were used. Temperatures as a function of time • 
are shown in Figures 21 through 22. Through-thickness temperature differences 
were found to be less than 3 F for all shell segments. Due to their external 

• location, the outer elements of the reinforCing rings lagged considerably 
behind the thermal response of the rest of the vessel. The lag was approxi­

! 
mately 135 F in the 4-hour coo1down, and approximately 2Z0 F in the 2-hour -
cooldown. The shell at the ring-shell joints also lagged by approximately 
10 F locally, due to the thermal mass of the rings. 

b. AxiSymmetric Stress Solution 

Stress intensities were calculated for the time step at which -300 F 

was reached on the inner surface of the vessel. Due to the relatively quiCk 
thermal response of the shell with respect to the rings, this represented the -



62 


FIGURE 20. AXISYMMETRIC TAC02D/SAVFEM HEAT CONDUCTION 
AND THERMAL STRESS MODEL, ENDCAP CALORIMETER 
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r 
 time of greatest temperature differences. and consequently, greatest stresses. 

Tne SAVFEM mesh was the same as was used in the heat transfer solution, but 
with cubic integration stress elements substituted. j A summary of stress intensities calculated for different shell 
segments is shown in Table 23. At all locations, with one exception, shell 

oJ 
1 	 stress intensities were very low relative to the Division 2 allowable of 

3 Sm = 60 ksi. The location of highest stress was in the outer cylinder at 
the attachment points of the rings to the shell. High stresses occurred due

J 
to the constraint against vessel contraction enforced by the relatively warmer 
rings. The stresses in excess of the yield strength were calculatedI 

."J 	 elastically. 

J 	 TABLE Z3. CENTRAL CALORIMETER INNER VESSEL 
SHELL THERMAL STRESS INTENSITY 
SUff4ARY

J 
Stress IntensltJt ksi Stress Intensii~, ksi 

Locat ion 9Z.5 F/HR a 	 185 F/HR 

Outer Cylinder 6.5 - 8.9 10 - 14 

Outer Knuckle 4.5 - 6.5 7.1 - 11 


] 	 Head 0.6 - Z.Z 0.5 - 3.9 
Inner Knuckle 1.0 - Z.O 0.3 • 3.4 
Inner Cylinder 0.2 - 0.6 0.4 - 1.0] Cylinder at Ring 11 - 35 	 18 . 57 

] 
Notes: (a) 9Z.5 F/HR • 4-hour cool down 

(b) 185 F/HR =Z-hour cool down 

] 
c. Fatigue Evaluation 

] 
Conditions A and B per AD-l60.Z were applied to the shell segments. 

Condition A could not be satisfied assuming 1.000 full coo1down cycles. 
However, Condition B was satisfied, assuming that all materials of construc­-	 tion are the same, and no. cyclic mechanical loads other than pressure exist. 

----------- .... _--­

l 
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I 	 Conditions AP and BP per AD-I60.3 were applied to the reinforcing 

rings. Condition AP could not be satisfied assuming 1,000 full cooldown 

cycles. Condition BP was satisfied for the 4-hour cooldown, but not for the 
1 2-hour cool down , with similar assumptions made as in the Condition B 

evaluation of the shell. A fatigue evaluation of shell stresses at the ring 

.. joints was therefore performed for both cooldown rates. Nonintegral nozzle 
thermal stresses were not evaluated. 

In the shell, thermal stresses at the ring jOints were less than 
• 3 Sm (60 ksi) for both cooldown rates. To consider uncertainties inherent in 

i any simplified numerical analysis, and to allow for some level of stress due 
..J to deadweight or pressure that may occur during the cooldown process, the 

fatigue stresses were arbitrarily increased by a factor of 1.5. A fatigue 
analysis was performed in accordance with 4-136.7 and Appendix 5 of Division 
2, using the increased stresses. The analysis indicated an allowable number 

, of cycles over 25,000 for the 4-hour cooldown, and 200 for the 2-hour .. 
cool down. Both values exceed the probably number of cooldown cycles that will 

1 	 be experienced in service. However, only the 4-hour coo1down is acceptable 

for the design specification of 1,000 cycles. In addition, it is probable 

that a 3-hour cooldown would be found acceptable. This case was not 

evaluated, however. 


It was assumed that the cooldown was atmospheric, with no steady 
state pressure condition occurring simultaneously. Therefore, thermal stress 
ratchet in the shell was not investigated. 

d • Reinforcement Ring Evaluation 

.. Compression in the flanges of the reinforcing rings are shown in 

Table 24, for 2-hour and 4-hour cool down rates. 


,.... Based on Articles 5-1.5.1.4 and 5-1.9.1 of Reference 4, the compres­
sive stresses in the outer flange elements of the rings are acceptable for the 
4-hour cooldown rate, without requiring stiffening to prevent lateral buck­
ling. Stresses for the 2-hour cooldown exceed the yield strength and the 
allowable compressive stresses. The combined members provide substantial .­ additional stiffness, however, the susceptibility of the compression flanges to 
local buckling cannot be accurately assessed at the calculated stress level. 

•
, 

-. 
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TABLE 24. CENTRAL CALORIMETER INNER VESSEL 
REINFORCING RING THERMAL STRESS 
SUr+tARY 

Cooldown Rate 92.5 F/HR 185 F/HR 

Flange Compression
(ksi)(a) 

Ring-Shell Joint Tension 
(kips/inch)1 

.I Ring-Shell Joint Moment 
(inch-kips/inch

1 

20 33 

8.6 14.3 

0.4 0.7 

J 
Notes: (a) Compression flange thickness of 0.5 in and width , of 18 in. 

! 
.J 

Table 24 also summarizes loads at the ring shell joints. These are 
provided to assist in specifying minimum welds. Welds were not specified at 
the time of analysis, and were not evaluated • 

.J 
e. Honaxisymmetric Analysis 

The support points of the CC vessel and modules are located along 
reinforcement rings, 49 degrees circumferentia1ly from bottom dead center • 

-
-
• 
.J Since the rings are significantly stiffer than the shell, the loads induced by 

the thermal expansion constraint due to the modules essentially act across the 
rings. The magnitude of the loads are proportional to the temperature 
difference and the ring stiffness. 

The simple analytical models shown in Figure 23, per Reference 16. 
were used to obtain the maximum bending moment in t~e rings due to a 
transverse deflection at the support pOints corresponding to a 370 F change in 
temeprature. This moment was estimated to be 1.061 x 106 in-lbs. This is 
shown relative to other significant values in Figure 24. 

The thermal moment results in a strain for which the equivalent - linear stress is approximately 68 ksi. This is acceptable from a fatigue 
standpoint. However, it occurs beyond the knee of the moment resistance 

-
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FIGURE 23. SIMPLIFIED MODELS FOR ASYMMETRIC THERMAL1 STRESS ANALYSIS 
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curve, such 	 that any sustained loading may result in uncontrolled local 

deformations. 
The sum of ring bending moments due to thermal constraint plus 

deadweight were limited to the linear range of Figure 24, at 900 x 103 in-lb. 
ThiS resulted in a maximum allowable difference between average temperatures 
of the modules and shell of the central calorimeter of 250 F. 

f. Recommendations 

Based on the 	results of the stress analyses, the maximum recommended
J 	 cooldown rate independent of the modules is 92.5 F/Hr. This corresponds to a 

period of 4 hours to reach an internal temperature of -300 F from 70 F. In 
addition, a l-hour hold period at an internal temperature of -300 F should beJ 
observed prior to pressurizing or adding fluid to the vessel. These time 
limits also apply to the warming cycle.J 

Conservatisms inherent in the analysis suggest that a 3-hour or 
perhaps 2-hour rate is feasible for a limited number of cycles. As is

J indicated by AD-160.1, significant applicable service experience may provide a 
basis for accepting more rapid rates of cooling or warming than 4 hours. 

j In addition to the above limits, it is recommended that the 
difference in average temperatures of the module plates and the vessel shell 
be limited to no more than 250 F during the cooling and warming cycles. 

] E.3. Endcap 	Calorimeter Inner Vessel 

] 	 a. AxisymmetriC Temperature Solution 

] The EC inner vessel was evaluated via axisymmetric finite element 
heat conduction analysis, using program TACOlO. The mesh consisted of 141 
nodes and 90 4-node linear temperature elements, with two such elements] 
through the shell thickness. as shown in Figure 25. The reinforcement rings 
were included in a simplified manner.

] Temperatures were calculated for a cooldown rate of 92.5 F/HR, 
corresponding to a 4-hour temperature ramp_ Time steps of 0.5 hour were used. 

] Temperatures as a function of time are shown in Figure 26. Through-thickness 
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FIGURE 25. 	 AXISYMMETRIC TAC02D/SAVFEM HEAT CONDUCTION AND 
THERMAL STRESS MODEL, ENDCAP CALORIMETER 
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1 

1 

(
J ~.,., 

1 


] 


] 


] 


] 


1 

- , -, 



, l . . - .. • __. • l. • --' I.. - -' • t.---.J ..---' ..... --' '-----.. 

200 

/00 

Lorge ring outside 
surface 

Intermediate ring
lL. o 

outside surface 
f 
.2 .......
o .... Rear stiffener ring N 

~ at edremities 
E 
~ -/00 

I.75
11 

shell outside 

surface 


-200 

Cooling medium and 

thin shells 

-~I ~ ~ -o 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 
Time ,hours 

fiGURE 26. TEMPERATURE PROFILES, 92.5 f/HR. ENDCAP CALORIMETER 

( 

.; '"" ( 
 -- ( l 



73 


temperature differences were found to be less than 2 F for the cylinder, rear 
head, and 100 inch radius front cap. Through-th·ickness temperature differ­
ences in the 1.75 inch-thick concave shell and front head rings were found to 
be 7 F and 	 15 F, respectively. The outer memiers of the rear reinforcement 
ring lagged behind the thermal response of the vessel by up to 150 F, due to 
its external location. The shell at the rear ring-shell jOint also lagged by 
approximately 10 F locally, due to the thermal mass of the ring. 

b. Axisymmetric Stress Solution 

Stress intensities were cacluated for the time step at which -300 F 
was reached on the inner surface of the vessel. Due to the relatively quick 
thermal response of the shell with respect to the rings, this represented the 
time of greatest temperature differences, and consequently, greatest stresses. 
The SAVFEM mesh was the same as was used in the heat transfer solution, but 
with cubic integration stress elements substituted. 

A summary of stress intensities calculated for different shell 
segments is shown in Table 25. At all locations, stresses were below the 
Division 2 allowable of 35m • 60 ksi, and were also below the yield stress of 
30 ksi. 

TABLE 25. 	 EHDCAP CALORIMETER INNER VESSEL SHELL 
THERMAL STRESS INTENSITY SUMMARY 

Stress Intensity, ksi 
Location 29.5 F/HR 

100· Spherical Cap
Inner Front Ring
200" Concave She11 
Outer Front Ring
Cy1 inder 
Cylinder at Rear Ring
Rear Head Knuckle 
Rear Head Crown 

0.2 
0.8 
0.3 
1.6 
3.5 
10 ­
4.9 
0.2 

- 1.3 
- 1.7 
- 1.6 
- 8.4 
- 1.4 

20 
- 6.6 
- 2.7 

• 
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c. Fatigue Evaluation 

Conditions A and B per AO-160.2 were applied to th shell segments. 
Condition A could not be satisfied assuming 1,000 full thermal cycles. 
However, Condition Bwas satisfied, assuming no mechanical loads other than 

pressure exist. 
Conditions AP and BP per AO-160.3 were applied to the composite 

aluminum-stainless steel nozzles. Heither conditions AP nor BP were 
satisfied. There~ore, a fatigue analysis of the nozzle should be performed by 
the user. The nonintegral reinforcement rings were acceptable in accordance 
with Condition BP. 

A fatigue analysis was deemed unnecessary for the calculated level 
of stresses in the shells and rings, by comparison to the CC vessel. 

d. Rear Reinforcement Ring Evaluation 

Compression in the rear reinforcement ring flange is shown in Table 
26. Based on ARticles 5-1.5.1.4 and 5-1.9.1 of Reference 4, the maximum 
allowable compression without additional stiffening to prevent lateral 
buckling ;s 20 ks;. The combined members provide substantial additional 
stiffness, however, the susceptibility of the compression flange to local 
buckling cannot be accurately assessed. 

TABLE 26. 	 ENDCAP CALORIMETER INNER VESSEL REAR 
REINFORCEMENT RING THERMAL STRESS SUMMARY 

Cooling Rate, F/HR 	 92.5 

Flange CompreSSion, ksi(a) 26.0 

Ring-Shell Joint Tension, kips/inch 9.4 

Ring-Shell Joint Moment, in-kips/inch 0.4 

Notes: (a) Compression flange thickness of 0.5 inch 
and width of 16 inch. 
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Table 26 also summarizes loads at the ring-Shell joints. These are 
prov1ded to assist in specifying minimum welds. Welds were not specified at 
the time of analysis. and were not evaluated. 

e. Nonaxisymmetric Analysis 

The modules were postulated to provide constraint against free 
thermal expansion or contraction of the vessel shell at their common support 
points. This is due to the relatively great thermal mass and structural 
stiffness of the ~du1es compared to the vessel shell. 

At the rear of the vessel. the module and vessel supports are 
located directly on the nonintegral external reinforcement ring. The forces 
due to the thermal constraints at this location were considered to act across 
the ring. An analysis was performed similar to that for the CC vessel. 

The bending moment in the rear ring due to a transverse deflection 
at the support points corresponding to a 370 F change in temperature was 
calculated. This moment was estimated to be 450 x 103 in-lbs. This is shown 
relative to other significant values in Figure 27. 

The calculated thermal moment is fully elastic. and is acceptable 
from a fatigue standpoint. However, a sustained loading such as due to the 
vessel deadweight would result in uncontrolled local deformations. 

The sum of ring bending moments due to thermal constraint plus 
deadweight were limited to the linear range of Figure 27. at 500 x 103 in-1bs. 
This resulted in a maximum allowable difference between average temperatures 
of the modulus and shell of the Endcap Calorimeter of 250 F. 

The front support points of the modules and vessel are located with 
approximately 2 inChes clear shell between the edge of the stanchions and the 
edge of the front reinforcement ring. This configuraiton does not lend itself 
to analySiS by the simplified methods applied to the rear supports. There­
fore. a SAVFEM 3-0 finite element model was developed of a 180 degree section 
of the vessel. The model used 528 nodes and 473 4-node thick plate elements. 
with three integration points in each element local axis. The model is shown 
in Figure 28. The loading was a 370 F uniform change in temperature. with 
constraints at the common support area with the modules and at the line of 
syTlllletry. 
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Results of the analysiS indicate the 2 inch gap of clear shell 

between the front stanchions and the front reinforcement ring to be an area of 1-' 
major stress concentration. Based on a maximum allowable stress intensity of 
70 kS; to achieve 1.000 thermal cycles. per Article 4-136.7(2). the maximum 
difference in average temperaures of the EC modules and shells is 75 F. This 
;s limiting in comparison with the recommended maximum temperature difference 
of 250 F based on considerations at the rear reinforcement ring. 

f. Recommendations 

Based on results of the thermal stress analyses. the maximum 
recommended cooldown rate independent of the modules is 92.5 F/Hr. This 
corresponds to a period of 4 hours to reach an internal temperature of -300 F 
from 70 F. In addition. a i-hour hold period at an internal temperature of 
-300 F should be observed prior to pressurizing or adding fluid to the vessel. 
These time limits also apply to the warming cycle. 

Conservatisms inherent in the analysis suggest that a 3-hour or 

perhaps 2-hour rate is feasible for a limited number of cycles. As is 

indicated by AD-l60.i, significant applicable service experience may provide a 

basis for accepting more rapid rates of cooling or warming than 4 hours. 


In addition to the above limits. it is recommended that the 

difference in average temperature of the module plates and the vessel shell be 

limited to not more than 75 F during the cooling and waMiing cycles. 


The limit on average temperature difference of 75 F may be raised by 

any of several modifications to details of the vessel design. These include. 

and are not limited to. the following: 


Ca) 	 Support the modules at the large front reinforcement ring. 
This was substantiated by preliminary analyses performed during 
the course of the review. 

(b) 	 Add a reinforcement ring straddling the front stanchions. 
similar to the application at the rear of the EC vessels. The 
ring mayor may not be required to encircle the entire vessel. 

(c) 	 Add longitudinal reinforcement between the front and rear 
rings. straddling the front stanchions. 



79 


J 

f 

• 

(d) 	 Relocate the front stanchions approximately 10 inches or more 
from the front ring. 

(e) 	 Increase the cylindrical shell thickness in the forward portion 
of the vessel. 

(f) 	 Reduce the design specification of 1,000 thermal cycles to a 
lower value, if warranted by the intended use. 

Any of these alternatives should be verified by further analysis. 
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1. 	 DEFINITIONS 
1.1 	 As used throughout this subcontract, the following terms 

shall have the meanings set forth below: 
ta) 	 The term "Government" shall mean the Government 

of the United States acting through the United States 
Department of Energy or its successor. 

(bl The term 	"Department" shall mean the United States 
Department of Energy or any duly authorized 
representative thereof. 

(e) 	 The term "Fermilab" shall mean Universities 
Research Association. Inc., a non-profit organization 
organized under the laws of the District of Columbia, 
or any duly authorized representative thereof. 

(d) Except 	as other'ololse provided in this subcontract. the 
term "Sub-subcontracts" includes purchase orders 
under this subcontract. 

(e} 	 "Manager" shall mean the person in charge of 
business services for Fermilab or his written designee. 

2. 	 COVENANT AGAINST CONTINGENT FEES 
2.1 	 (a) The Subcontractor warrants that no person or agency 

has been employed or retained to solicit or obtain this 
subcontract upon an agreement or understanding for 
a contingent fee. except a bona fide employee or 
agency. For breach or violation of this warranty Fer­
milab shall have the right to annul this subcontract 
without liability or, in its discretion to deduct from 
the subcontract price or consideration. or otherwise 
recover, the full amount of the contingent fee. 

(h} 	 "Bona tide agency," as used in this clause. means an 
established commercial or selling agency. maintained 
by a contractor for the purpose of securing business, 
that neither exerts nor proposes to exert improper in­

fluence to solicit or obtain Government contracts nor 
holds itselr out as being able to obtain any Government 
contract or contracts through improper influence. 

.. Bona fide employee." as used in this clause. means a 
person, employed by a contractor and subject to the 
contractor's supervision and control as to time. place. 
and manner of performance. who neither exerts IH.lr 
proposes to exert improper influence to solicit or ob­
tain Government contracts nor holds out as bemg able 
to obtain any Government contract or contracts 
through improper influence. 

"Contingent fee." as used in this clause, means anv 
commission, percentage, brokerage. or other fee tha't 
is contingent upon the success that a person or concern 
has in securing a Government contract. 

"Improper influence," as used in this clause, means 
any influence that induces or tends to induce a Govern­
ment employee or officer to give consideration or to 
act regarding a Government contract on any basis oth­
er than the merits of the matter. For purposes of this 
clause, the term "Government" includes "Fermilab." 

3. 	 OFFICIALS NOT TO BENEFIT 

3.1 	 No member of Congress or delegate to Congress or Resi­
dent Commissioner shall be admitted to any share or part 

of this subcontract. or to any benefit arising from it. However. 
this clause does not apply to this subcontract to the extent that 
this subcontract is made with a corporation for the corporation's 
general benefit. 

4. 	 CONVICT LABOR 

4.1 	 The Subcontractor agrees not to employ any person 
undergoing sentence of imprisonment except as provided 

by 18 U.S.c. 4082 (c) (2) and Executive Order 11755, December 
29, 1973. 

5. 	 FEDERAL, STATE AND LOCAL TAXES 

5.1 	 AS l:SED IN THIS CLAlJSE: 

(a) 	 "Contract date," means the date set for bid opening 
or. if this is a negotiated subcontract or a modi fica­
tion, the effective date of this subcontract or modifica­
tion. 

(b) 	"All applicable Federal. State, and local taxes and 
duties," means all taxes and duties, in effect on the 
subcontract date. that the taxing authority is imposing 
and collecting on the transactions or propeny covered 
by this subcontract. 

(c) "After-imposed Federal 	tax," means any new or in­
creased Federal excise tax or duty, or tax thai was ex­
empted or excluded on the subcontract date but whose 
exemption was later revoked or reduced during the 
subcontract period, on the transactions or propeny 
covered by this subcontract that the Subcontractor is 
required to payor bear as the result of legislative, 
judicial, or administrative action taking effect after the 
subcontract date. it does not include social security tax 
or other employment taxes. 

(d) "After-relieved Federal tax," 	 means any amount of 
Federal excise tax or duty, except social security or 
other employment taxes, that would otherwise have 
been payable on the transactions or property covered 
bv this subcontract. but which the Subcontractor is not 
r~uired to payor bear, or for which the Subcontrac­
tor obtains a refund or drawback, as the result of 
legislative, judicial, or administrative action taking ef­
fect after the subcontract date. 
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5.1.2 	The subcontract price includes all applicable Federal, 
State, and local taxes and duties. 

5.1.3 The subcontract price shall be increased by the amount of 
any after-imposed Federal tax, provided the Subcontractor 

warrants in writing that no amount for such newly imposed 
Federal excise tax or duty or rate increase was included in the 
subcontract price, as a contingency reserve or otherwise. 

5.1.4 	The subcontract price shall be decreased by the amount of 
any after·relieved Federal tax. 

5.1.5 	The subcontract price shall be decreased by the amount of 
any Federal excise tax or duty, except social secunty or 

other employment taxes, that the Subcontractor is required to 
payor bear. or does not obtain a refund of, through the Subcon­
tractor's fault, negligence, or failure to follow instructions of 
Fermilab. 

5.1.8 	No adjustment shall be made in the subcontract price 
under this clause unless the amount of the adjustment ex­

ceeds $100. 

5.1.7 The Subcontractor shall promptly notify Fermilab of all 
matters relating to any Federal excise tax or duty that 

reasonably may be expected to result in either an increase or 
decrease in the subcontract price and shall take appropriate ac­
tion as Fermilab directs. 

5.1.8 	Fermilab shall, without liability, furnish evidence ap­
propriate to establish exemption from any Federal, State, 

or local tax when the Subcontractor requests such evidence and a 
reasonable basis exists to sustain the exemption. 

6. 	 AFFIRMATIVE ACTION FOR SPECIAL DISABLED 

AND VIETNAM ERA VETERANS 


8.1 	 DEFI';ITlONS - AS USED IN THIS CLAUSE: "Ap­
propnate office of the State employment service system," 

means the local office of the Federal-State national system of 
public employment offices assigned to serve the area where the 
employment opening is to be filled, including the District of Co­
lumbia, Guam, Pueno Rico. Virgin Islands, American Samoa, 
and the Trust Territory of the Pacific Islands. 

"Openings that the Subcontractor proposes to fill from 
within its own organization," means employment open­

ings for which no one outside the Subcontractor's organization 
(including any afliliates, subsidiaries, and the parent companies) 
will be considered and includes any openings that the Subcon­
tractor proposes to fill from regularly established "recall" lists. 

"Openings that the Subcontractor proposes to fill under a 
customary and traditional employer-union hiring arrange­

ment," means emplo)ment openings that the Subcontractor pro­
poses to fill from union halls, under their customary and tradi­
tional employer-union hiring relationship. 

"Suitable employment openings" ­
(a) Includes, but is not limited to, openings that occur in 

jobs categorized as ­

(i) Production and nonproduction; 
(Ii) Plant and office; 
(iii) 	Laborers and mechanics; 

(iv) Supervisory and nonsupervisory; 
(v) 	 Technical; and 

(vi) Executive, administrative. and professional posi­
tions compensated on a salary basis of less than 
$25,000 a year; and 

(b) Includes 	 full-time employment, temporary employ­
ment of over 3 days. and part-time employment. but 
not openings that the Subcontractor proposes to fiU 
from within its own organization or under a customary 
and traditional employer-union hiring arrangement. 
nor openings in an educational institution that are 
restricted to students of that institution. 

1.2 	 GENERAL. 
(a) 	 Regarding any position for which the employee or appli­

cant for employment is qualified. the Subcontractor shall 
not discriminate against the individual because the in­
dividual is a special disabled or Vietnam Era veteran. The 
Subcontractor agrees to take affirmative action to employ. 
advance in emplo)ment, and otherwise treat qualified 
"pecial disabled and Vietnam Era veterans without dis­
crimination based upon their disability or veterans' status 
in all employment practices such as ­

(i) 	 Employment: 

(ii) 	 Upgrading; 

(iii) 	 Demotion or transfer; 

(iv) Recruitment: 

(..-) Ad..-ertising; 


(vi) 	 Layoff or termination; 
(vii) 	 Rates of payor other forms of compensation: 

and 

(viii) Selection for training. including apprenticeship. 

(b) 	The Subcontractor agrees to comply with the rules. 
regulations, and relevant orders of the Secretary of 
Labor (Secretary) issued under the Vietnam Era Vet­
erans' Readjustment Assistance Act of 1972 (the Act), 
as amended. 

6.3 	 LISTING OPENINGS. 

(a) 	The Subcontractor agrees to list all suitable employ­
ment openings existing at subcontract award or occur­
ring during subcontract performance. at an appropri­
ate office of the State employment service system in 
the locality where the opening occurs. These openings 
include those occurring at any Subcontractor facility, 
including one not connected with performing thIS sub­
contract. An independent corporate affiliate is exempt 
from [his requirement. 

(b) State 	and local government agencies holding subcon­
tracts of $10,000 or more shall also list a\l their suitable 
openings with the appropriate office of [he State em­
ployment service. 

(c) 	 The listing of suitable employment openings with the 
State employment service system is required at least 
concurrently with using any other recruitment source 
or eHon and involves the obligations of placing a bona 
fide job order, including accepting referrals of vet­
erans and nonveterans. This listing does not require 
hiring any particular job applicant or biring from any 
particular group of job applicants and is not intended 
to relieve the Subcontractor from any requirements of 
Executive orders or regulations concerning nondis­
crimination in employment. 

(d) Whenever .the Subcontractor 	becomes contractually 
bound to the listing terms of this clause, it shall advise 
the State employment service system. in each State 
where it has establishments. of the name and location 
of each hiring location in the State. As long as the Sub­
contractor is contractually bound to these terms and 
has so advised the State system. it need not advise the 
State system of subsequent subcontracts. The Subcon­
tractor may advise the State system when it is no longer 
bound by this subcontract clause. 

(e) 	 Under the most compelling circumstances, an employ­
ment opening may not be suitable for listing. including 
situations when (i) Fermilab's needs cannot reasonably 
be supplied, (ii) listing would be contrary to national 
security, or (iii) the requirement of listing would not be 
in the Government's interest. 
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8.4 	 APPLICABILITY. 

(a) This clause does not apply to the listing of employment 
openings which occur and are filled outside the SO 
states, the District of Columbia, Pueno Rico, Guam, 
Virgin Islands, American Samoa, and the Trust Ter­
ritory of the Pacific Islands. 

(b) The terms of paragraph 6.3(a) above of this clause do 
not apply to openings that the Subcontractor proposes 
to fill from within its own organization or under a 
customary and traditional employer-union hiring ar. 
rangement. This exclusion does not apply to a par­
ticular opening once an employer decides to consider 
applicants outside of its own organization or 
employer-union arrangement for that opening. 

6.S 	 POSTINGS. 

(a) The Subcontractor agrees to post employment notices 
stating (i) the Subcontractor's obligation under the law 
to take affirmative action to employ and advance in 
employment qualified special disabled veterans and 
veterans of the Vietnam era, and (ij) the rights of ap­
plicants and employees. 

(b) These notices shall be posted in conspicuous places 
that are available to employees and applicants for em­
ployment. They shall be in a form prescribed by the 
Director, Office of Federal Contract Compliance Pro­
grams, Department of Labor (Director), and provided 
by or through Fermilab. 

(c) 	 The Subcontractor shall notify each labor union or 
representative of workers with which it has a collective 
bargaining agreement or other subcontract under­
standing, that the Subcontractor is bound by the terms 
of the Act, and is committed to take affirmative action 
to employ, and advance in employment, qualified spe­
cial disabled and Vietnam Era veterans. 

6.6 	 NONCOMPLIANCE. If the Subcontractor does not com­
ply with the requirements of this clause, appropriate ac· 

tions may be taken under the rules, regulations, and relevant 
orders of the Secretary issued pursuant to the Act. 

6.7 	 SLBCONTRACTS. The Subcontractor shall include the 
terms of this clause in every sub-subcontract or purchase 

order of $10,000 or more unless exempted by rules, regulations 
or orders of the Secretary. The Subcontractor shall act as 
specified by the Director to enforce the terms, including action 
for noncompliance. 

6.8 	 EMPLOYM.ENT REPORTS OF SPECIAL DISABLED 
VETERANS AND VETERANS OF THE VIETNAM 
ERA. 

(a) The 	Subcontractor agrees to repon at least annually, 
as required by the Secretary of Labor, on: 
(i) 	 The number of special disabled veterans and the 

number of veterans of the Vietnam era in the 
workforce of the Subcontractor by job category 
and hiring location; and 

(ii) 	 The total number of new employees hired during 
the period covered by the repon, and of that total, 
the number of special disabled veterans, and the 
number of veterans of the Vietnam era. 

(b) The above items shall be 	reponed by completing the 
form entitled "Federal Contractor Veterans' Employ­
ment Repon VETS-HX>." 

(c) 	 Repons shall be submitted no later than March 31 of 
each year beginning March 31, 1988. 
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(d) The employment activity repon required by paragraph 
(a)(ii) of this section shall reflect total hires during (he 
most recent 12-month period as of the ending dale: 
selected for the employment profile repon require:d h 
paragraph (a)(i) of this section. Subcontractors ma~ 
select an ending date: (1) As of the end of any pa~ 
period during the period January through March I S( ot' 
the year the repon is due, or (2) as of December 31. if 
the Subcontractor has previous written approval from 
the Equal Employment Opponunity Commission (0 

do so for purposes of submitting the Employer Inior­
mation Repon EEO-I (Standard Form 100). 

(e) 	 The count of veterans reponed according to paragraph 
(a) above shall be based on voluntary disclosure. Each 
Subcontractor subject to the reponing requirements at 
38 U.S.c. 2012(d) shall invite all special disabled 
veterans and veterans of the Vietnam era who wish 10 

benefit under the affirmative action program at 38 
U.s.c. 2012 to identify themselves to the Subcontrac­
tor. The invitation shall state that the information is 
voluntarily pro,,;ded, that the information will be kept 
confidential, that disclosure or refusal to provide the 
information will not subject the applicant or employee 
to any adverse treatment, and that the information will 
be used only in accordance with the regulations pro­
mulgated under 38 U.S.c. 2012. Nothing in this 
paragraph (e) shall preclude an employee from inform­
ing a Subcontractor at a future time of his or her desire 
to benefit from this program. Nothing in this 
paragraph (e) shall relieve a Subcontractor from liabili­
ty for discrimination under 38 U.S.c. 2012. 

7. 	 NOTICE OF LABOR DISPUTES 

7.1 	 If the Subcontractor has knowledge that any actual or 
potential labor dispute is delaying or threatens to delay the 

timely performance of this subcontract, the Subcontractor shall 
immediately give notice, including all relevant information, to 
Fermilab. 

7.2 	 The Subcontractor agrees to insen the substance of this 
clause, including this paragraph 7.2, in any sub-subcon­

tract to which a labor dispute may delay the timely performance 
of this subcontract; except that each sub-subcontract shall pro­
vide that in the event its timely performance is delayed or 
threatened by delay by any actual or potential labor dispute, the 
Sub-subcontractor shall immediately notify the next higher tier 
Sub-subcontractor or the Subcontractor, as the case may be, of 
all relevant information concerning the dispute. 

8. 	 UTILIZATION OF SMALL BUSINESS 
CONCERNS AND SMALL DISADVANTAGED 
BUSINESS CONCERNS 

8.1 	 It is the policy of the United States, the Department, and 
Fermilab that small business concerns and small business 

concerns owned and controlled by socially and economically 
disadvantaged individuals shall have the maximum practicable 
opponunity to participate in the performance of subcontracts let 
by Fermilab. 

8.2 	 The Subcontractor hereby agrees to carry out this policy in 
the awarding of sub-subcontracts to the fullest ell.tent con­

sistent with the efficient subcontract performance. The Subcon­
tractor funher agrees to cooperate in any studies or surveys as 
may be conducted by the United States Small Business Ad­
ministration or the Department as may be necessary to determine 
the extent of the Subcontractor's compliance with this clause. 

8.3 	 As used in this subcontract, the term "small business con­
cern" shall mean a small business as defined pursuant to 

section 3 of the Small Business Act and relevant regulatIOns 
promulgated pursuant thereto. The term "small business con­
cern owned and controlled by socially and economically disad­
vantaged individuals" shall mean a small business concern: 
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(a) which is at least 51 per centum owned by one or more 
socially and economically disadvantaged individuals; 
or in the case of any publicIy-owned business, at least 
51 per centum of the stock of which is owned by one or 
more socially and economically disadvantaged individ­
uals; and 

(b) whose management and daily business operations are 
controlled by one or more of such individuals. 

The Subcontractor shall presume that socially and economically 
di~advantaged individuals include Black Americans, Hispanic 
Americans. ~ative Americans. Asian-Pacific Americans. Asian­
Indian Americans. and other minoritles. or any other individual 
found to be disadvantaged by the Administration pursuant to 
section 8(a) of the Small Business Act. 

8.4 	 Subcontractors acting in good faith may rely on written 
representations by their Sub-subcontractors regarding 

:heir status as either a small business concern or a small business 
..:oncern owned and controlled by socially and economically 
disadvantaged individuals. 

9. 	 ASSIGNMENT 

9.1 	 Neither this subcontract nor any interest therein nor claim 
thereunder shall be assigned or transferred by the Subcon· 

tractor except as expressly authorized in writing by Fermilab. 
Fermilab may assign the whole or any part of this subcontract to 
the Government or its designee and in such event this subcontract 
shall continue in full force and effect. 

10. 	 EXAMINATION OF RECORDS BY 
COMPTROLLER GENERAL 

10.1 	 This clause applies if this subcontract exceeds SIO.<n> and 
was entered into by negotiation. 

10.2 	 The Comptroller General of the United States or a duly 
authorized representative from the General Accounting 

Office shall. until 3 years after final payment under this subcon­
tract or. for any shorter period specified in Federal Acquisition 
Regulatlon (FAR) Subpart 4.7. Contractor Records Retention. 
have access to and the right to examine any of the 
Subcontractor's directly pertinent books, documents, papers. or 
other records involving transactions related to this subcontract. 

10.3 	 The Subcontractor agrees to include in first-tier subcon­
tracts under this subcontract a clause to the effect that the 

Comptroller General or a duly authorized representative from 
the General Accounting Office shall, until 3 years after final pay­
ment under the sub-subcontract or for any shorter period 
specified in FAR Subpart 4.7, have access to and the right to ex­
amine any of the Sub-subcontractor's directly pertinent books, 
documents. papers. or other records involving transactions 
related to the sub-subcontract. "Sub-subcontract .. as used in 
this clause, excludes (\) purchase orders not exc~ing SIO,OOO 
and (2) sub-subcontracts or purchase orders for public utility ser­
vices at ~ates established to apply .uniformly to the public, plus 
any appbcable reasonable connection charge. 

10.4 	 The periods of access and examination in paragraphs 10.2 
and 10.3 above for records relating to (I) litigation or set­

tlement of claims arising from the performance of this subcon­
tract, or (2) costs and expenses of this subcontract to which the 
Comptroller General or a duly authorized representative from 
the General Accounting Office has taken exception shall con­
tinue until such appeals, litigation, claims, or exceptions are 
disposed of. 

11. 	 EQUAL OPPORTUNITY 

11.1 	 If, during any 12-month period (including the 12 months 
preceding the award of this subcontract), the Subcontrac­

tor has been or is awarded nonexempt Federal contracts and/or 
subcontracts that have an aggregate value in excess of SlO,<n>, 
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the Subcontractor shall comply with subparagraphs 11.2 (a) thru 
(k) below. Upon request, the Subcontractor shall provide infor­
mation necessary to determine the applicability of this clause. 

11.2 	 During the performance of this subcontract. the Subcon­
tractor agrees as follows: 
(a) The Subcontractor shall not discriminate against any 

employee or applicant for employment because of 
race, color. religion. sex, or national origin. 

(b) The Subcontractor shall take affirmative action to en­
sure that applicants are employed and that employees 
are treated during employment. without regard to their 
race, color, religion. sex. or national ongin. This shall 
include, but not be limited to: 
(i) Employment 

Iii) Cpgrading; 

(iii) 	 Demotion; 
(iv) 	 Transfer; 
(v) 	 Recruitment or recruitment advertising; 
(vi) 	 Layoff or termination; 
(vii) 	 Rates of payor other forms of compensation; 

and 
(viii) Selection for training. including apprenticeship. 

(c) 	The Subcontractor shall post in conspicuous places 
available to employees and applicants for employment 
notices to be provided by Fermilab that explain this 
clause. 

(d) The Subcontractor shall. 	in all solicitations or adver­
tisement for employees placed by or on behalf of the 
Subcontractor, state that all qualified applicants will 
receive consideration for employment without regard 
to race, color. religion, sex. or national origin. 

(e) 	 The Subcontractor shall send to each labor union or 
representative of workers with which he has a collective 
bargaining agreement or other contract or under· 
standing, the notice, to be provided by Fermilab. aQ> b­

ing the labor union or workers representative l,r the 
Subcontractor's commitments under this clause, and 
post copies of the notice in conspicuous places available 
to employees and applicants for emplo~ment. 

(t) 	The Subcontractor shall comply with Executive Order 
~o. 11246 as amended, and the rules, regulations, and 
orders of the Secretary of Labor. 

(g) The Subcontractor shall furnish to Fermilab all infor­
mation required by Executive Order !'oIo. 11246, as 
amended, and by the rules. regulations. and orders of 
the Secretary of Labor. Standard Form 100 (EEO-l), 
or any successor form. is the prescribed form to be filed 
within 30 days following the award, unless filed within 
12 months preceding the date of award. 

(h) The Subcontractor shall permit access to its books, 
records, and accounts by the Department, Fermilab or 
the Office of Federal Contract Compliance Programs 
(OFCCP) for the purposes of investigation to ascertain 
compliance with such rules, regulations, and orders. 

(i) 	 If the OFCCP determines that the Subcontractor is not 
in compliance with this clause or any rule. regulation, 
or order of the Secretary of Labor, this subcontract 
may be cancelled, terminated, or suspended, in whole 
or in part, and the Subcontractor may be declared in­
eligible for further Fermilab or Government contracts 
under the procedures authorized in Executive Order 
:'10. 11246, as amended. In addition, sanctions may be 
Imposed and remedies invoked against the Subcontrac­
tor as provided in Executive Order No. 11246, as 
amended, the rules, regulations, or orders of the 
Secretary of Labor, or as otherwise pro,,;ded by law. 

G) 	 The Subcontractor will include the provisions of 
paragraph I 1.2(a) through (k) in every sub-subcontract 
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or purchase order that is not exempted by the rules 
regulations or orders of the Secretary of labor issued 
under Executive Order No. 11246, as amended, so that 
these terms and conditions will be binding upon each 
Sub-subcontractor or vendor. 

(k) The Subcontractor shall take such action with respect 
to any sub-subcontract or purchase order as the 
Government through Fermilab, may direct as a means 
of enforcing these terms and conditions including 
sanctions for noncompliance; Provided, that if the 
Subcontractor becomes involved in. or is threatened 
with litigation with a Sub-subcontractor or vendor as a 
result of such direction. the Subcontractor may re­
quest the United States to enter into such litigation to 
protect the interests of the United States. 

11.3 	 Notwithstanding any other clause in this subcontract. 
disputes relative to this clause will be governed by the pro­

cedures In 41 CFR 60-1.1. 

12. 	 PRIORITIES, ALLOCATIONS, AND ALLOTMENTS 

The Subcontractor shall follow the provisions of Defense 
Materials System Regulation 1 or Defense Priorities 

System Regulation I (see 32A CFR 621-662) and all other ap­
plicable regulations and orders of the Office of Industrial 
Resource Administration, Department of Commerce. in obtain­
ing controlled materials and other products and materials needed 
to fill this order. 

13. 	 AFFIRMATIVE ACTION FOR HANDICAPPED 
WORKERS 

13.1 	 GENERAL: 

(I) 	Regarding any position for which the employee or ap­
plicant for employment is qualified. the Subcontractor 
shall not discriminate against any employee or appli­
cant because of physical or mental handicap. The SUb­
contractor agrees to take affirmative action to employ. 
advance in employment. and otherwise treat qualified 
handicapped individuals without discrimination based 
upon their physical or mental handicap in all employ­
ment practices such as ­
(i) 	 Employment; 
(ii) 	 Upgrading; 
(iii) 	 Demotion or transfer; 
(iv) 	 Recruitment; 
(v) 	 Advenising; 
(vi) 	 Layoff or termination; 
(vii) 	 Rates of payor other forms of compensation; 

and 
(viii) Selection for training, including apprenticeship. 

(2) The Subcontractor agrees 	to comply with the rules, 
regulations. and relevant orders of the Secretary of 
Labor (Secretary) issued under the Rehabilitation Act 
of 1973 (29 U.S.c. 793) (the Act), as amended. 

13.2 	 POSTlNGS. 

(1) 	The Subcontractor agrees to post employment notices 
stating (I) the Subcontractor's obligation under the 
law to take affirmative action to employ and advance 
in employment qualified handicapped individuals and 
(ii) the rights of applicants and employees. 

(2) These notices shall be posted 	in conspicuous places 
that are available to employees and applicants for 
employment. They shall be in a form prescribed by the 
Director. Office of Federal Contract Compliance Pro­
grams, Department of labor (Director). and provided 
by or through Fennilab. 
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(3) The Subcontractor shall notify each labor union 	or 
representative of workers with which it has a collective 
bargaining agreement or other contract understanding. 
that the Subcontractor is bound by the terms of Sec. 
tion S03 of the Act and is COmmitted to take affirma. 
tive action to employ. and advance in employment. 
qualified physically and mentally handicapped in­
dividuals. 

13.3 	 NONCOMPLIANCE. If the Subcontractor does no! 
comply with the requirements of this clause. appropriate 

actions may be laken under the rules. regulations, and rele\ant 
orders of the Secretary issued pursuant to the Act. 

13.4 	 SUB-SUBCONTRACTS. The Subcontractor shall In-

elude the terms of this clause in e"'ery sub-subcontract or 
purchase order in excess of S2.5OO unless exempted by rul!s. 
regulations. or orders of the Secretary. The Subcontractor shall 
act as specified by the Director to enforce the terms includinlZ 
action for noncompliance. 	 ' ­

14. 	 MODIFICATION PROPOSALS­
PRICE BREAKDOWN 

14.1 	 The Subcontractor. in connection with any proposal he 
makes for a subcontract modification, shall furnish a price 

breakdown. itemized as required by Fermilab. Unless otherwise 
directed, the breakdown shall be in sufficient detail to permit an 
analysis of all material. Jabor, equipment. sub-subcontract, and 
overhead costs, as well as profit, and shall cover all work in­
volved in the modification. whether such work was deleted. add­
ed or changed. Any amount claimed for sub-subcontracts shall 
be supponed by a similar price breakdown. In addition. if the 
proposal includes a time extension, a justification therefor shall 
also be furnished. The justification shiill be furnished by the date 
specified by Fermilab. 

14.2 	 When costs are a factor in any determination of a subcon­
tract price adjustment under any clause of this subcontract. 

such costs shall be in accordance with the contract COSt principles 
and procedures in pan 31.2 of the Federal Acquisition Regula­
tions (48 CFR 1-31.2) and SUbpart 931.2 of the Department's 
Acquisition Regulations in effect on the date of this subcontract. 

15. 	 UTILIZATION OF WOMEN·OWNED 
SMALL BUSINESS 

15.1 	 AS USED IN THIS CLAUSE: "Women-owned 5mall 
businesses." means businesses that are at least 51 percent 

owned by women who are United States citizens and who also 
control and operate the business. 

"Control." means exercising the power to make policy 
decisions. 


"Operate," means being actively involved in the day-to­

day management of the business, 


15.2 	 It is the policy of the United States Government and 
Fermilab that women-owned small businesses shall have 

the maximum practicable opportunity to participate in the per­
formance of subcontracts awarded by Fermilab. 

15.3 	 The Subcontractor agrees to use its best effons to give 
women-owned small businesses the maximum practicable 

opponunity to participate in the subcontracts it awards to the 
fullest extent consistent with the efficient performance of its sub­
contract, 

18. 	 UTILIZATION OF LABOR SURPLUS 
AREA CONCERNS 

18.1 	 POLICY. It is the policy of Fermilab to award subcon­
tracts to concerns that agree to perform substantially in 

labor surplus areas (lSA's). when this can be done consistent 
with the efficient perfonnance of the subcontract and at prices 
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regarding the removal, shipment, or disposal of 
no 	higher than are obtainable else~here. The Subcont~actor 

the property covered by such notice. aarees to use its best efforts to place ItS sub-subcontracts In ac­
(b) Upon the Subcontractor's written request. Fermilab cordance with this policy. 

shall make an equitable adjustment to the subcontract 
18.2 	 ORDER OF PREFERENCE. In complying with para- in accordance with paragraph 17.8 of this clause. If 

graph \6.1 of this clause and with clause 8, "Utilization Fermilab has agreed in the subcontract to make the 
of Small BU5iness Concerns and Small Disadvantaged Business property available for performing this subcontract and 
Concerns" of these General Provisions, the Subcontractor shall there is any ­
observe the following order of preference in awarding sub­ (i) Decrease or substitution in this property pursuant 
subcontracts: \a) Small business concerns that are LSA concerns, to subparagraph 17.2(a) above; or 
(b) other small business concerns, and (c) other LSA concerns. (ii) 	 Withdrawal of authority to use this propertv. if 

provided under any other contract or lease. 
16.3 	 DEFISITlONS - AS USED IN THIS CLAUSE: 

(a) 	 labor surplus area means a geographical area iden­ 17.3 TITLE IN GOVERNMENT PROPERTY. 

tified by the Department of Labor in accordance with 
 (a) The Government shall retain title to all Fermilab­
~ CFR 654. Subpart A. as an area of concentrated furnished property. unemployment or underemployment or an area of 

(b) All Fermilab-furnished property and all property ac­labor surplus. 
quired by the Subcontractor. title to which vests in the

(b) 	labor surplus area concern means a concern that Government under this paragraph (collectively re­
together with its first-tier Subcontractors will perform ferred to as "Fermilab property"), are subject to the 
substantially in labor surplus areas. Performance is provisions of this clause. Title to Fermilab-furnished 
substantially in labor surplus areas if the costs incurred property shall not be affected by its incorporation into 
under the COntract on account of manufacturing. pro­ or attachment to any property not owned by Fermilab,
duction. or performance of appropriate services in nor 	shall Fermilab-furnished property become a fix­labor surplus areas exceed 50 percent of the contract ture or lose its identity as personal property by being 
price. attached to any real property. 

17. 	 FERMILAB·FURNISHED PROPERTY (c) Title to each item of facilities, special test equipment. 

and special tooling (other than that subject to a special 


17.1 	 FERMllAB PROPERTY. tooling clause) acquired by the Subcontractor for 
(a) Fermilab shall deliver to the Subcontractor, for 	use in Fermilab under this subcontract shall pass to and vest 

connection with and under the terms of this subcon­ in the Government when its use in performing this sub­
tract, the Fermilab-furnished property described contract commences or when Fermilab has paid for it, 
elsewhere in the subcontract together with any related whichever is earlier. whether or not title previously 
data and information that the Subcontractor may re­ vested in the Government. 

quest and is reasonably required for the intended use 
 (d) If this subcontract contains a provision directing the of the property (hereinafter referred to as "Fermilab­ Subcontractor to purchase material for which Fermi­ ....,.furnished property"). lab will reimburse the Subcontractor as a direct item oi 

(b) The delivery or performance dates for this subcontract cost under this subcontract ­
are 	 based upon the expectation that Fermilab-fur­ (i) 	 Title to material purchased from a vendor ,hall 
nished property suitable for use will be delivered to the pass to and vest in the Government upon the ven· 
Subcontractor at the times stated elsewhere in the sub­ dor's delivery of such material; and 
;ontract or. if not so stated. in sufficient time to enable 

(ii) 	 Title to all other material shall pass to and vest In:he Subcontractor to meet the subcontract's delivery 
the Government upon ­or performance dates. 
a) Issuance of the material for use in subconrract(c) 	 If Fermilab-furnished property is received by the Sub· 

performance;;ontractor in a condition not suitable for the intended 
b) Commencement of processing of the material use, the Subcontractor shall, upon receipt of it, notify 

or its use in subcontract performance; orFermilab, detailing the facts, and, as directed by 
Fermilab and at Fermilab expense, either repair. c) Reimbursement of the cost of the material by 
;nodify, return, or otherwise dispose of the property. Fermiiab, whichever occurs first. 
After completing the directed action and upon written 
request of the Subcontractor, Fermilab shall make an 17.4 USE OF FERMILAB-FURNISHED PROPERTY. The 
equitable adjustment as provided in paragraph 17.8 of Fermilab-furnished property shall be used only for per­
this clause. forming this subcontract, unless otherwise provided in this sub­

contract or approved by Fermilab. (d) 	If Fermilab-furnished property is not delivered to the 

Subcontractor by the required time, Fermilab shall, 


17.5 	 PROPERTY ADMINISTRATION. upon the Subcontractor's timely written request, make 
a determination of the delay, if any, caused the Sub­ (a) The Subcontractor shall be responsible and account­
contractor and shall make an equitable adjustment in able for all Fermilab-furnished property provided 
accordance with paragraph 17.8 of this clause. under this subcontract and shall comply with Federal 

Acquisition Regulation (FAR) Subpart 45.4. as in ef­
17.2 	 CHANGES IN FERMILAB·F11RNISHED PROPERTY. fect on the date of this subcontract. 

(a) Fermilab may. by written notice. 	 (b) The Subcontractor shall establish and maintain a pro­
(i) decrease the Fermilab-fumished property provid­ gram for the use, maintenance, repair, protection. and 

ed or to be provided under this subcontract, or preservation of Fermilab-furnished property in accor­
dance with sound industrial practice and the applicable (ii) 	 substitute other Fermilab-furnished property for 
provisions of Subpart 45.5 of the FAR. the property to be provided by Fermilab, or to be 

acquired by the Subcontractor for Fermilab, (c) If damaae occurs to Fermilab-furnished property, the 
under this subcontract. The Subcontractor shall risk of which has been assumed by Fermilab under this 
promptly take such action as Fermilab may direct subcontract, Fermilab shall replace the items or the 
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Subcontractor shall make such repairs as Fermilab 
directs. However, if Subcontractor cannot effect such 
repairs within the time required, the Subcontrlll;;tor 
shall dispose of the property as directed by Fmnilab. 
When any property for which Fermilab is res pons bile 
is replaced or repaired, Fermilab shall make an equit­
able adjustment in accordance with paragraph 17_8 of 
this clause. 

(d) 	The Subcontractor represents that the subcontract 
price does not include any amount for repairs or reo 
placement for which Fermilab is responsible. Repair or 
replacement of property for which the Subcontractor 
is responsible shall be accomplished by the Subcon­
tractor at its own expense. 

17.6 	 ACCESS. Fermilab and all its designees shall have access 
at all reasonable times to the premises in which any Fenni­

lab-furnished property is located for the purpose of inspecting 
the Fermilab-furnished property. 

17.7 	 RISK OF LOSS. Unless otherwise provided in this sub­
contract, the Subcontractor assumes the risk of, and shall 

be responsible for. any loss or destruction of, or damage to, 
Fermilab·furnished property upon its delivery to the Subcontrac­
tor or upon passage of title to the Government under paragraph 
17.3 of this clause. However, the Subcontractor is not responsi­
ble for reasonable wear and tear to Fermilab-furnished property 
or for Fermilab-furnished property properly consumed in 
performing this subcontract. 

17.8 	 EQUITABLE ADJUSTMENT. When this clause 
specifies an equitable adjustment, it shall be made to any 

affected subcontract provision in accordance with the procedures 
of the Changes clause. When appropriate, Fennilab may initiate 
an equitable adjustment in favor of Fermilab. The right to an 
equitable adjustment shall be the Subcontractor's exclusive 
remedy. Fermilab shall not be liable to suit for breach of subcon­
tract for ­

(i) 	 Any delay in delivery of Fermilab-furnished prop· 
erty; 

(ii) 	 Delivery of Fermilab·furnished property in a con­
dition not suitable for its intended use; 

(iii) A decrease in or substitution of Fermilab-fur­
nished property; or 

(iv) 	Failure to repair or replace Fermilab-furnished 
property for which Fennilab is responsible. 

17.9 	 FINAL ACCOUNTISG AND DISPOSITION OF 
FERMILAB·FURNISHED PROPERTY. Upon com­

pleting this subcontract, or at such earlier dates as may be fixed by 
Fermilab, the Subcontractor shall submit, in a form acceptable to 
Fermilab, inventory schedules covering all items of Fermilab­
furnished property (including any resulting scrap) not consumed 
in performing this subcontract or delivered to Fermilab. The Sub­
contractor shall prepare for shipment, deliver f.o.b. origin. or 
dispose of the Fermilab-furnished property as may be directed or 
authorized by Fermilab. The net proceeds of any such disposal 
shall be credited to the subcontract price or shall be paid to Fermi­
lab as it directs. 

17.10 ABANDONMENT ASD RESTORATION OF SUB­
CONTRACTOR'S PREMISES. Unless otherwise pro­

vided herein, Fermilab ­

(a) May 	 abandon any Fermilab-furnished property in 
place, at which time all obligations of Fermilab regard­
ing such abandoned property shall cease; and 

(b) Has no obligation to restore or rehabilitate the Subcon­
tractor's premises under any circumstances (e.g .• aban­
donment, disposition upon completion of need. or 
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upon contract completion). However, if Fermllab. 
furnished property is withdrawn or is unsuitable: for 
the intended use, or if other Fermilab-furnished prop­
erty is substituted. then the equitable adjustment 
under paragraph 17.8 of this clause may properly in· 
clude restoration or rehabilitation costs. 

17.11 	COMMUNICATIONS. All communications under thiS 
clause shall be in writing. 

18. 	 INDEPENDENT CONTRACTOR 

In all respects pertaining to this subcontract the subcon­
tractor is. and shall act as an independent subcontractor 

and the subcontractor shall not be or act as the agent. employee 
or servant of Fermilab or the Government. 

Without limiting the generality of the foregoing It is 
understood and agreed: 

(I) 	that all persons employed by the subcontractor in the 
performance of this agreement shall be employees of 
the subcontractor and not employees of Fermilab or 
the Government, and 

(2) 	that the subcontractor shall not enter into any contract 
with a third party which purports to obligate or bind 
Fermilab or the Government. 

19. 	 CERTIFIED COST OR PRICING DATA 

19.1 	 (a) The Subcontractor shall require under the situations 
described in (b) below, unless exempted under the ex­
ceptions set forth in (c) below, each sub-subcontractor 
under this subcontract to submit cost or pricing data 
and to certify that. to the best of his knowledge and 
belief, such cost or pricing data are accurate. com· 
plete. and current. 

(b) Except as provided in (c) below, certified cost or pric­
ing data shall be submitted prior to 

(i) 	 the award of each sub-subcontract. the price of 
which is expected to exceed $100,000 and 

tii) the negotiation of the price of each change or 
modification to a sub-subcontract under this sub­
contract for which the price adjustment is expected 
to exceed $100,000. 

(c) Certified cost 	or pricing data need not be furnished 
pursuant to this clause where: 

(i) 	 the subcontractor has not been required to furnish 
cost or pricing data; or 

(ii) 	the price adjustment is based on adequate price 
competition, established catalog or market prices 
of commercial items sold in substantial quantities 
to the general public, or the prices are set by law or 
regulation; and the Subcontractor states in writing 
the basis for applying this exception. 

(d) In 	 submitting the cost or pricing data, the sub­
subcontractor shall use the form of certificate set forth 
in paragraph 19.2 below and shall certify that the data 
are accurate, complete, and current. Such certificate 
and data (actual or identified, as provided in the cer· 
tificate prescribed below) shall be submitted by sub­
subcontractors to the next higher-tier sub· 
subcontracl.or, or the Subcontractor, as applicable, for 
retention. 
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19.2 	 The cenificates required by this clause shall be in the form 
set fonh below: 

SUBCONTRACTOR'S CERTIFICATE OF 

CURRENT COST OR PRICING DATA 


Thi, is to certify that. to the best of my knowledge and belief. 
.:ost or pricing data submitted in writing, or specifically iden­
lified in writing if actual submission of the data is impracticable 
(,ee FAR 15.804-6). to Fermilab in support of 

are accurate, ;:omplete. and current as of 
(date) 

(This date shall be as close as practicable to the date when the 
pnce negotiations were concluded and the subcontract price was 
agreed to.) 

FIRM 

NAME __________________ 

TITLE 

(Date of Execution) 

19.3 	 For purposes of verifying that cenified cost or pricing data 
submitted in conjunction with the negotiation of 

this subcontract or any subcontract change or other modification 
involving an amount in excess of S 100,000 were accurate. com­
plete, and current, Fermilab. the Department or any of its 
authorized representatives shall until the expiration of three (3) 
years from the date of final payment under this subcontract, 
have the right to examine those books. records. documents. 
papers. and other supporting data which involve transactions 
related to this <;ubcontract or which will permit adequate e\alua­
tion of the cost or pricing data submitted. along ""ith the com­
putations and projections used therein. 

19.4 	 If the original price of this subcontract exceeds $100.000 or 
the price of any change or other modification to this 

subcontract is expected to exceed $100,000, the Subcontractor 
agrees to furnish Fermilab cenified cost or pricing data. using the 
certificate set forth in paragraph 19.2 unless the price is 
based on adequate price competition, established catalog or 
market prices of commercial items sold in substantial quantities 
to the general public, or prices set by law or regulation. 

19.5 	 The requirement for submission of certified cost or pricing 
data with respect to any change or other modification 

does not apply to any sub-subcontract change or other modifica­
tion, at any tier, where the subcontract is firm tixed-price or 
fixed-price with escalation unless such change or other modifica­
tion results from a change or modification to the subl.:omract, 
nor does it apply to a sub-subcontract change or modification, at 
any tier, where the subcontract is not firm fixed-price or fixed­
price with escalation, unless the price for such change or other 
modification becomes reimbursable under the subcontract. 

19.6 	 The Subcontractor agrees to insert paragraph 19.3 without 
change and the substance of paragraphs 19.1, 

19.2, 19.4, 19.5, and 19.6 of this clause in each sub-subcontract 
hereunder in excess of SI00,OOO and in each sub-subcontract of 
$100,000 or less at the lime of making a change or other 
modification thereto in excess of SI00,OOO. 

19.7 	 If Fermilab determines that any price. including profit or 
fee, negotiated in connection with this subcontract or 
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any cost reimbursable under this subcontract was increased by 
any significant sums because the Subcontractor. or any sub­
subcontractor pursuant to this clause or any sub-subcontract 
clause herein required. furnished incomplete or inaccurate cost 
or pricing data or data not current as cenified in the Subcontrac­
tor's certificate of current cost or pricing data, then such price or 
cost shall be reduced accordingly and I he subcontract shall be 
modified in writing to reflect such reduction . 

NOTE: Since the subcontract is subject to reduction under this 
dause hv reason of defel·tl\e ':OSI or rridng data submitted in 
cOllnecti~lII with certain 'lIh·,uh':olltracb. it is e:W;(lCcled thai Ihc 
Subcontractor may wish to indude a dause in each such ,>ub­
subcontract requiring the sub-subcontractor to appropriately in­
demnify the Subcontractor. It is also expected that any sub­
subcontractor subject to such indemnification will generally re­
quire substantially similar indemnification for defective cost or 
pricing data required to be submitted by his lower-tier sub­
subcontractors. 

20. 	 RESTRICTIONS ON SUB·SUBCONTRACTOR SALES 

TO THE GOVERNMENT 


20.1 	 The Subcontractor shall not enter into any agreement with 
an actual or prospective sub-subcontractor, nor otherwise 

act in any manner, which has or may have the effect of restricting 
sales by such sub-subcontractors directly to the Government of 
any item or process (including computer software) made or fur­
nished by the sub-subcontractor under this subcontract or under 
any follow-on production subcontract. 

20.2 	 The prohibition in 20.1 above does not preclude the 
Subcontractor from asserting rights that are other­


wise authorized by law or regulation. 


20.3 	 The Subcontractor agrees to incorporate the substance of 
this clause, including this paragraph 20.3, in all sub­


subcontracts under this subcontract. 


21. 	 ANTI-KICKBACK PROCEDURES 

21.1 	 Definitions: "Kickback." as used in this clause. means any 
money, fee. commission, credit, gift, gratuity. thing of 


value, or compensation of any kind which is provided. directly or 

indirectly, to any prime Contractor, prime Contractor employee. 

Subcontractor. or Subcontractor employee for the purpo,e of 

improperly obtaining or rewarding favorable treatment in con· 

nection with a prime contract or in connection with a sub..:ontract 

relating to a prime contract. 


"Person," as used in this clause, means a corporation, partner­

ship, business association of any kind, trust, joint-stock com­

pany. or individual. 


"Prime Contract," as used in this clause, means a cOntract or 

contractual action entered into by the United States for the pur· 

pose of obtaining supplies, materials, equipment, or services of 

any kind. 


"Prime Contractor employee," as used in this clause, means any 

officer, partner, employee, or agent of a prime Contractor. 


"Subcontract," as used in this clause, means a contract or con­

tractual action entered into by a prime Contractor or Subcon­

tractor for the purpose of obtaining supplies, materials, equip­

ment, or services of any kind under a prime contract. 


"Subcontractor," as used in this clause, (I) means any person. 
other than the prime Contractor. who offers to furnish or fur­
nishes any supplies, materials, equipment, or services of any kind 
under a prime contract or subcontract entered into in connection 
with such prime contract, and (2) includes any person who offer, 
to furnish or furnishes general supplies to the prime Contractor ......" 
or a higher tier subcontractor. 

"Subcontractor employee, as used in this clause, means any to 

officer, partner, employee, or agent of a Subcontractor. 
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21.2 	 The Anti-Kickback Act of 1986 (41 U.S.C. ~1-~8) (the 
Act). prohibits any person from ­

(a) Providing or attempting to provide or offering to pro­
vide any kicleback; 

(b) Soliciting. accepting. or attempting to accept any 
kickback; or 

(c) Including. directly 	or indirectly. the amount of any 
kickback in the contract price charged by a prime Con­
tractor to the United States or in the contract price 
-:harged by a Subcontractor to a prime Contractor or 
higher tier Subcontractor. 

21.3 	 (a) The Subcontractor shall have in place and follow 
reasonable procedures designed to prevent and detect 
possible violations described in paragraph (b) of this 
clause in its own operations and direct business rela­
tionships. 

(b) When the 	Subcontractor has reasonable grounds to 
believe that a violation described in paragraph (b) of 
this clause may have occurred, the Subcontractor shall 
promptly report in writing the possible violation. Such 
reports shall be made to the inspector general of the 
contracting agency, the head of the contracting agency 
if the the agency does not have an inspector general, or 
the Department of Justice. 

(c) 	 The Subcontractor shall cooperate fully with any 
Federal agency investigating a possible violation 
described in paragraph (b) of this clause. 

(d) Regardless of the contract tier at which a kickback was 
provided, accepted. or charged under the Subcontract 
in violation of paragraph (b) of this clause. the Con­
tracting Officer may ­

(i) 	 Offset the amount of the kickback against any 
monies owed by the United States under this con­
tract andlor 

(ii) 	 Direct that the Subcontractor withhold from sums 
owed the sub-subcontractor, the amount of the 
kickback. The Contracting Officer may order that 
monies withheld under subdivision 21.3(d)(i) of 
this clause be paid over to the Government unless 
the Government has already offset those montes 
under subdivision 21.3(d)(i) of this dause. In the 
latler case. the Subcontractor shall notify the 
Contracting Officer when the monies are 
withheld. 

(e) 	The Subcontractor agrees to incorporate the substance 
of this clause, including this subparagraph 21.3(e), in 
all sub-subcontracts under the subcontract. 

22. 	 CONTRACT WORK HOURS AND SAFETY 
STANDARDS ACT-OVERTIME COMPENSATION 

22.1 	 This subcontract. to the extent that it is of a character 
specified in the Contract Work Hours and Safety Stan­

dards Act (40 U.S.C. 327-333) (the Act), is subject to the follow­
ing terms and all other applicable provisions and exceptions of 
the Act and the regulations of the Secretary of Labor. 

22.2 	 OVERTIME REQUIREMENTS. No Subcontractor or 
sub-subcontractor contracting for any part of the subcon­

tract work which may require or involve the employment of 
laborers or mechanics (see Federal Acquisition Regulation (FAR) 
22.300) shall require or permit any such laborers or mechanics in 
any workweek in which the individual is employed on such work 
to work in excess of 40 hours in such workweek unless such 
laborer or mechanic receives compensation at a rate not less than 
1'/. times the basic rate of pay for all hours worked in excess of 
40 hours in such workweek. 

22.3 	 VIOLATION, LIABILITY FOR UNPAID WAGES, 
AND LIQUIDATED DAMAGES. In the event of any 
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violation of the provisions set forth in paragraph 22.2 of this 
clause, the Subcontractor and any sub-subcontractor responsible 
therefore shall be liable for the unpaid wages. In addition, such 
Subcontractor and sub-subcontractor shall be liable to the 
United States (in the case of worle done under contract for the 
District of Columbia or a territory, to such District or to such 
territory), for liquidated damages. Such liquidated damages shall 
be computed with respect to each individual laborer or mechanic 
employed in violation of the provisions set forth in paragraph 
22.2 of this clause in the sum of SIO for each calendar day on 
which such individual was required or permitted to work in e'­
cess of the standard workweek of 40 hours without payment of 
the overtime wages required by provision set forth in paragraph 
22.2 of this clause. 

22.4 	 WITHHOLDING FOR UNPAID WAGES AND LI­
QUIDATED DAMAGES. Fermilab shall upon its action 

or upon written request of an authorized representative of the 
Depanment of Labor withhold or cause to be withheld. from any 
monies payable on account of work performed by the Subcon­
tractor or sub-subcontractor under any such subcontract or any 
other Fed~ral subcontract with the same Prime Contractor. or 
any other Federally-assisted subcontract subject to the Contract 
Work Hours and Safety Standards Act which is held by the same 
Prime Contractor. such sums as may be determined to be 
necessary to satisfy any liabilities of such Subcontractor or sub­
subcontractor for unpaid wages and liquidated damages as pro­
vided in the provisions set forth in paragraph 22.3 of this clause. 

22.5 	 PAYROLLS AND BASIC RECORDS. 

(a) 	The Subcontractor and sub-subcontractor shall main­
tain payrolls and basic payroll records during the 
course of subcontract work and shall preserve them for 
a period of 3 years irom the completion of the subcon­
tract for all laborers and mechanics working on the 
subcontract. Such records shall contain the name and 
address of each such employee, social security number. 
correct classifications. hourly rates of wages paid. dai­
Iv and weekly number of hours worked. deductions 
ri,ade. and actual ....ages paid. Nothing in this 
paragraph ,hall reqUIre the duplication of record, reo 
quired to be maintained for ~onstruction work b~ 
Department of Labor regulations at 29 CFR 5.5(a)(3) 
implementing the Davis-Bacon Act. 

(b) 	The records to be maintained under paragraph 22.5(a) 
of this clause shall be made a\ailable by the Subcon­
tractor or sub-subcontractor for inspection, copying, 
or transcription by authorized representatives of Fer­
milab or the Depanment of Labor. The Subcontractor 
or sub-subcontractor shall permit such representatives 
ro interview employees during working hours on the 
job. 

22.6 	 SUB-SUBCONTRACTS. The Subcontractor or sub-sub­
contractor shall insert in any sub-subcontracts the provi­

sions set forth in paragraphs 22.2 through 22.6 of this clause and 
also a clause requiring the sub-subcontractors to include these 
provisions in any lower tier sub-subcontracts. Fermilab shall be 
responsible for compliance by any sub-subcontractor or lower 
tier sub-subcontractor with the provisions set forth in paragraphs 
22.2 through 22.6 of this clause. 

23. PREFERENCE FOR U.S. FLAG AIR CARRIERS 

23.1 "International air transportation." as used in this clause. 
means transportation by air between a place in the United 

States and a place outside the United States or between two 
places both of which are outside the Cnited States. 

"United States" as used in this clause, means the 50 States, the 
District of Col~mbia, the Commonwealth of Puerto Rico, and 
possessions of the United States. 
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"U.S. Flag air carrier," as used in this clause, means an air car­
rier holding a certificate under section 401 of the Federal Avia­
tion Act of 1958 (49 USc. 1371). 

23.2 	 Section 5 of the International Air Transportation Fare 
Competitive Practices Act of 1974 (49 U.S.c. 1571) (Fly 

America Act) requires that all Federal agencies and Government 
contractors and Subcontractors use U.S. flag air carriers for 
U.S. Government-financed international air transportation of 
personnel (and their personal effects) or property, to the extent 
Ihal ,en'ice by Ihose carriers is available. It requires the Comp­
troller General of the United States, in the absence of satisfac­
lory proof of the necessity for foreign-flag air transportation. to 
dl,allow expenditures from funds, appropriated or otherwise 
established for the account of the United States, for international 
air transportation secured aboard a foreign-flag air carrier if a 
U.S. !lag air carrier is available 10 provide such services. 

23.3 	 The Subcontractor agrees, in performing work under this 
subcontract, to use U.S. flag air carriers for international 

air transportation of personnel (and their personal effects) or 
property to the extent that service by those carriers is available. 

23.4 	 In the event that the Subcontractor selects a carrier other 
than a U.S. flag air carrier for international air transporta­

tion, the Subcontractor shall include a certification on vouchers 
involving such transportation essentially as follows: 

CERTIFICATION OF UNAVAILABILITY OF 
U.S. FLAG AIR CARRIERS 

I hereby cenify that international air transportation of persons 
(and their personal effects) or property by U.S. flag air carrier 

was nOt available or it was necessary to use foreign-nag air car· 
rier ~ervice for the following reasons (sec section 47.403 of the 
Federal Acquisition Regulation): 
(State reasons): __________________ 

(End of Certification) 

23.5 	 The Subcontractor shall include the substance of this Para­
graph. including this subparagraph 23.5, in each sub­

subcontract or purchase order under this subcontract that may 
involve international air transportation. 

24. 	 LIMITATIONS ON SUBCONTRACTING 

24.1 	 This clause applies if this subcontract was awarded lS a 
result of a partial or total 'iet aside for small business. 

24.2 	 By submission of an ofier and e'!:ecution of a subcontract. 
the Offeror/Subcontractor agrees that in performan..:e of 

the 'iubcontract in the case 01 J "ubcontract for: 
(al Servi,es (except 	(onmuction). At least 50 percent of 

the cost of subcontract performance incurred for per­
sonnel shall be expended for employees of the concern. 

(b) Supplies (other 	 than procurement from a regular 
dealer in such supplies). The concern shall perform 
work for at least 50 percent of the cost of manufactur­
ing the supplies, not including the cost of materials. 

(c) General construction. 	The concern will perform at 
least 15 percenl of the cost of the subcontract, not in­
cluding the cost of materials with its own employees. 

(d) 	Construction by special trade contractors. The con­
cern will perform at least 25 percent of the cost of the 
subcontract. not including the cost of materials with its 
own employees. 
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ADDENDUM I TO FL·1 


1. 	 DEFINITIONS 

As used throughout this Addendum, the following terms 
shall have the meanings set forth below: 

a) 	 The words "contract" or "contractor" shall mean 
"subcontract ,. or "subcontractor." 

bl 	 The words "subcontract" or "subcontractor" shall 
mean" sub-subcontract" or "sub-subcontractor." 

2. 	 AUTHORIZATION AND CONSENT 

The Government has given its authorization and consent 
(without prejudice to any rights of indemnification) for all 

use and manufacture, in the performance of this contract or any 
part hereof or any amendment hereto or any subcontract here­
under (including any lower-tier subcontract), of any invention 
described in and covered by a patent of the United States 0) em­
bodied in the structure or composition of any article the delivery 
of which is accepted by the Government or Fermilab under this 
contract or (ii) utilized in the machinery. tools or methods the use 
of which necessarily results from compliance by the Contractor 
or the using subcontractor with (a) specifications or written pro­
\;sions now or hereafter forming a part of this contract, or (b) 
specific written instructions given by Fermilab pr the Govern­
ment directing the manner of performance. The entire liability to 
the Government for infringement of a patent of the United States 
shall be determined solely by the provisions of the indemnity 
clauses, if any, included in this contract or any subcontract 
hereunder (including any lower-tier subcontract), and the 
Go\ernment assumes liability for all other infringement to the 
extent of the authorization and consent hereinabove granted. 

3. 	 NOTICE AND ASSISTANCE REGARDING PATENT 
AND COPYRIGHT INFRINGEMENT 

The prOVisions of this clause shall be applicable only if the 
amount of this contract exceeds SI0,000. 

a) 	 The Contractor shall report to the Government via 
Fermilab, promptly and in reasonable written detail, 
each notice or claim of patent or copyright infringe­
ment based on the performance of this contract of 
which the Contractor has k.nowledge. 

b) 	 In the event of any claim or suit against the Govern­
ment on account of any alleged patent or copyright 
infringement arising out of the performance of this 
contract or out of the use of any supplies furnished or 
work or services performed hereunder, the Contractor 
shall furnish to the Government when requested by the 
Government or Fermilab all evidence and information 
in possession of the ContractOr pertaining to such suit 
or claim. Such evidence and information shall be fur­
nished at the expense of the Government except where 
the Contractor has agreed to indemnify the Govern­
ment or Fermilab. 

c) This clause shall be included in all subcontracts. 

4. 	 REPORTING OF ROYALTIES 

If this contract is in an amount which exceeds SIO.(OO and 
if any royalty payments are directly involved in the con­

tract or are reflected in the contract price to the Government. the 
contractor agrees to report in writing to the Government VIa 
Fermilab during the performance of this contract and prior to its 
completion or final settlement the amount of any royalties or 
other payments paid or to be paid by it directly to others m con­
nection with the performance of this contract together \o\lth the 
names and addresses of licensors to whom such payments are 
made and either the patent numbers involved or such other infor­
mation as will permit identification of the patents or other basis 
on which the royalties are to be paid. The approval of OOE or 
Fermilab of any individual payments or royalties shall not stop 
the Government at any time from contesting the enforceability. 
validity or scope of, or title to, any patent under which a royalty 
or payments are made. 

5. 	 PATENT INDEMNITY 

If the amount of this contract is in excess of SlO,tXX), the 
Contractor shall indemnify the Government, Fermilab, 

their officers, agents, and employees against liability, including 
costs, for infringement of any United States letter patent (except 
letters patent issued upon an application which is now or may 
hereafter be kept secret or otherwise withheld from issue by order 
of the Government) arising out of the manufacture or delivery of 
supplies or out of ;;onstruction, alteration, modificat!on. or 
repair of real property (hereinafter referred to as "construction 
work") under this contract, or out of the use of disposal by or for 
the account of the Government of such supplies or construction 
work. The foregoing indemnity shall not apply unless the Con­
tractor shall have been informed as soon as practicable by the 
Government of the suit or action alleging such infringeme:u, and 
shall have been given such opportunity as is afforded b~' appli. 
cable laws. rules, or regulations to participate in the Jefense 
thereof; and further. such indemnity shall not apply to: 

a) 	 An infringement resulting from compliance with 
specific written instructions of Fermilab or the Govern· 
ment directing a change in the supplies to be delivered 
or in the materials or equipment to be used. or direct­
ing a marmer of performance of the contract :-lOt nor· 
mally used by the Contractor; 

b) 	 An infringement resulting from addition to, or :hange 
in, such supplies or components furnished or construc· 
tion work performed which addition or cha.r.ge was 
made subsequent to delivery or performance by the 
Contractor; or 

c) 	 A claimed infringement which is settled with.:.>ut the 
consent of the Contractor, unless required by final 
decree of a court of competent jurisdiction. 

-
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CLEAN AIR AND WATER 


1. 	 DEFINITIONS AS USED IN THIS CLAUSE: 

a) 	 "Air Act" means the Clean Air Act (42 U.S.c. 7401 et 
seq.). 

b) 	"Clean Air Standards" means, 

I) 	Any enforceable rules, regulations. guidelines. stan­
dards, limitations. orders. controls. prohibitions, 
work practices. or other requirements contained in, 
issued under, or otherwise adopted under the Air Act 
or Executive Order 11738. 

2) 	 An applicable implementation plan as described in 
section I100d) of the Air Act (42 U.S.C. 7410(d»; 

3) 	An approved implementation procedure or plan 
under section 111(c) or section 111(d) of the Air Act 
(42 U.S.C. 7411(c) or (d»; or 

4) An approved implementation procedure under sec­
tion 112(d) of the Air Act (42 U.s.c. 7412(d». 

c) 	 "Clean water standards." means any erlforceable limita­
tion, control, condition, prohibition. standard. or other 
requirement promulgated under the Water Act or ,;:on­
tained in a pennit issued to a discharger by the En­
vironmental Protection Agency or by a State under an 
approved program as authorized by section 402 of the 
Water Act (33 U.S.c. 1342), or by local government to 
ensure compliance with pretreatment regulations as re­
quired by section 307 of the Water Act (33 U.S.c. 1317). 

d) 	"Compliance," means compliance with: 

I) Clean air or water standards; or 

2) 	 A schedule or plan ordered or approved by a coun of 
competent jurisdiction. the Environmental Protec· 
tion Agency. or an air or water pollution control 

agency under the requirements of the Au Act or Wa­
ter Act and related regulations. 

e) 	 "Facility." means any building, plant. Installation. 
structure. mine, vessel or other floating craft, location 
or site of operations, owned. leased, or supervised by ~ 
Subcontractor or sub·subcontractor, used in the perfor­
mance of a subcontract or sub-subcontract. When a lo­
cation or site of operations includes more than one 
building, plant. installation or structure, the entire loca· 
tion or site shall be deemed a facility except when the 
Administrator. or a designee, of the Environmental Pro­
tection Agency. detennines that independent facilities 
are collocated in one geographical area. 

f) 	 "Water Act," means Clean Water Act (33 U.S.c. 12S1 
et seq.). 

2. 	 THE SUBCONTRACTOR AGREES: 
a) To comply with all the requirements of section 114 of 

the Clean Air Act (42 U.S.c. 7414) and section 308 of 
the Clean Water Act (33 U.s.c. 1318) relating to inspec­
tion. monitoring. entry, repons and information, as 
well as other requirements specified in section 114 and 
sectIon 308 of the Air Act and the Water Act. and all 
regulations and guidelines issued to implement those 
acts before the award of this subcontract; 

b) That no ponion of the work required by this subcon­
tract will be: perfonned in a facility listed on the Envi­
ronmental Protection Agency List of Violating Facilities 
on the date when this subcontract was awarded unless 
and until [he EPA eliminates the name of the facility 
from the listing; 

c) To use best effons to comply with clean air standards 
and clean water standards at the facility in which the 
subcontract is being performed; and 

d) 	To insen the substance of this clause into any non· 
exempt subcontract, including this subparagraph 2.(d). 

FL-24 (Rev. 4/01/84) 	 PAGE 1 



. 

) ) ) ~ 

~ &,g 

S . - e ~l, 
~ ,:; 0 s: &8 

Sill 6' i i ~ r ~ &11 [ 5J'lt 
S,;I'<C 01. iii! ~fftl B ~ 8!i- 11 a 1.8 111::: [2.) i a,I

jl e, o[:::&ifO S". 

IF~ I i f IIh II _It t RIsiull 8.1 '~§, ~h~til' .' 1g 1 fi 2 &II I 
L I' r 1-11 I[ ~lil§ I i~ 1"11115 '" 

;! !~r!ll; tl~ ~! fj!1 III I ';i I~ Uri !~ It v :~~leHU 
1-: HHJ II) i~, is ~ s Iii ~ Ii. ~I IilU i~ [f jHsIJ1) [~g 

!: i

il f I~i 
, 5uh!fl! if ie: J e.h , HI to '~n~' n ltd.. 11:' . If i! 

e e ~ ZI 

~.9i!i;;HllfhifU~i~ U'I;U:' H~ lj Ifhl~ iJU ~ li'!Hfl,IHi!1f1]li Ij
'~hih~~ it!,:h!hlrh!Jlffi·tH~IIII).J~i.vfJ~l g iiSf.! I B !! aft 

! Bh § I s of e. !J If • i . Ii h I. ~ of i! f fi 11'1 -12. i ~ i i'of)-" Ja,. tollsdt !f 1M' , 2' ~ e JM f f I ~ 5~ ~ § r ff! ! 2.~' I aJJ I' .. ii'f e g ~ , i 



aids title to wbicb would DOt be otaiDId •
speci.a tooliDa UDdIr ~ (Ii) above; 

aDd 
(IV) 	DrawiDp aDd tn....... to the CXleDt the 

SubcoDtnctor or IUlHubcoaUK1DI'I are re­
quired to deIlwr m.. to fel1llilM by otba' 
~ of tbia IUIIcaidlta. 

3) 	Althouab title to pcopat, II ill the OovemJDeDt 
under this claUil. ocbIr IPPIkIbilcia..- of this sub­
contnll:l. e .•.• the t«IIIinedcwt dauIe. sbaIl determiDe 
the hancWna IDCl diIpoIIdoa of the _pr_upw_.ny"hr. 

4) 	The Subcontractor may .u any ICraP resultina from 
the productioD UDder this subcontnct without re­
questiq fermi!ab'1 apprcmI. bul the proc:.Ia shall 
be credited apiDIl the COIU of performaDce. 

5) 	To IICqUire for its own .... or diIpoee of property to 
which title is vaced ill the 0cMIrDmeDl UDder this 
clawe. the Subcontnctor mUIC obtaiD fermi1ab's ad­
VaDCe approval of the IICtioD IDCl the tenDl. The Sub­
CODtrIICtor shall (I) adade the allocable COltS of the 
property from the COltS of subcoDtnId performance. 
and (h) repay to fermi1ab any amoUDt of unliqui­
dated prosraa paymeDti allocable to the property. 
Repaymelll may be by cub or credit memorandum. 

6) 	When \.he Subcontnll:lor completes all of the oblip­
tioDi UDder this subcoatnct. iDcludiDlliquidation of 
all propaa paymeata, title sball vest in the Sub­
contnll:lor for all property (or the prcxeeda thereoO 
DOt­

(I) 	 Delivered to. and .ccepted ." fermi1ab under 
this subcoDtnct; or 

(u) 	 Inc:orporIled in supplia delivered to. and Ie­
cepted by. fermi1ab UDder this subcontract and 
to which title iI vested iD the Government under 
this clawe. 

7) 	The tenns of this subcontract conc:emiDa liability for 
fermilab-fumisbed property shaD not apply to pro~ 
eft}' to which the Government acquired title solely 
UDder this clause. 

e) 	RISK Of LOSS. 

Before delivery to and acceptaDCe by fermilab. the Sub­
contractor shall bar the risk of _ for property, the ti­
tle to wbicb vesta in the GovenuDelll UDder this clawe. 
except to tbe alent fermilab apNIIy "''IIN' the risk. 
The Subcontractor shaD repay Fermi1ab an amount 
equal to the unliqWdaled prOll- .,.,...... t.ba are 
based on COltS a1loc:abIe to propeftJ m. II damlpet. 
lost, stoleD. or deIUo,... 

o CONTROL OF COSTS AND PROPERlY. 

The SubcoDtrIICtor sbaIIlMimaia an eccoUlltiq system 
and controls adequate for the proper IdmiDistration of 
this clause. 

I) 	REPORTS AND ACCESS TO RECORDS. 

The Subcontractor shall promptly furnish reports, eer­
tifieales, rmandal swemeatl. and other pertinent infor­
mation reasonably requested by Fermilab for the ad­
ministration of this clause. AIIo. the Subcontractor shall 
live Fermi1ab reasooable opportUDity to "Imine and 
verify the Subcontractor's boob, records and ICCOUDU. 

h) 	SPECIAL TERMS REOAJlDINO DEFAULT. 

If this subcontrICI is terminaled UDder the Default 
clause. (i) the Subcontnctor shall, on demud, repay to 
Fermi1ab the amount of wiliquid.aed protrea paymenu 
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IDCl (Ii) title shall vac in tbe Subcontractor, on full liqui- • 
cIMioD of PIOIIea pilJIDeDU. for all property for which 
Fermi1ab eIecU DOC to require delivery UDder the Default 
dauIe. Fermi1ab sUD be liable for DO payment ~ u .. 
provided ." the DefaaIt ct.II_ 

i) 	 RESERVATIONS OF IlKiHTS. 

1) No payment or vesdnc of title under this clause shall 
(i) neue the SubcoattKtor from performance of 
obliptioDi UDder this subcollUKt or (ii) constitute a 
waiver of any of the riIIds or remedieI of the parties 
UDder the subcoaulCt. 

2) 	FenniIab'l riPb and remedies UDder this cla\lle (i) 

shall DOl be adaIi,. _ ratber shall be ill addition 

to any ocbIr riIbU and remedieI provided by law or 

this subcoDtracl and (is) shall not be affeeted by 

delayed. putiM. or 0IIIiaed exerciIe of any riabt, 
remedy. power, or PI'iYiIeIe, nor shall such ellercise 
or any siqIe esen:iIe preclude or impair any funher 
nerciIe UDder this dauIe or the exercise of any other 
riabt. power. or privilep of Fermi1ab. 

j) 	 PROORESS PAYMENI'S 
TO SUB-SUBCONnACfORS. 

The amoUDtI mentioaed ill (a)(l)(o) above shall be all 
proaress paymenu to sub-subcontracton or divisions, if 
the foUowina c:ondit.iona are met: 

l) The amoaDtI included are limited to (i) the unliqui­
dated rem'iNIer of propeu paymeau made p1U1 (ii) 
for ... baa- c:aacerDI any UDPIid sub­
subcontrKtor req1IIIII for proarea paymentl that 
the Subcontnlct.or ha ippIowed for curralt payment 
in the ordinary coune of busiDea. 

2) 	The sutHubconlrlll:t or interdivisional order is ell­
pected to iDvolYe a miDimwn of approximately 6 ...." 
months betWeat the belinnjn• of work and the first 
delivery. or. if the sub-subcontractor is a small 
busiDea CODCel'1l, 4 1IlOIUhs. 

3) 	The tenns of the sub-subcontrKt or interdivisional 
order coneerniq paopeu paymenu ­

(i) 	 Are substantially similar to the terms of the 
claule II .52.232-16. Proareu Payments, of the 
Federal Acquisitioa RepJation (or thll clause 
with its AIteruIe I for any sub-subcontractor 
that is a SIUIl buIiDaI concern); 

(ii) 	 Are aa .... favorable to Fermilab as the tenns 
of tbiI c:IauII; 

(iii) 	Are DOt more favorable to the sub-subcontractor 
or diviIioa than the tenDI of this clause are to 
the Subcolltr'K1Or. 

(iv) 	Are iD conformance with the requirements of 
parqrapb 32.»I(e) of the Federal Acquisition 
RepIadon; and 

(v) 	 SubordiDaae III sub-subcontractor riahts concern­
ina property to wbidl the Oovemment hu title 
under the sub-subcoDtrId to FermiIab's riabt to 
require delivery of the property to Fermilab if 
(A) the Subc:oiltlKtor defauItJ or (B) the sub­
subcontrllCtor becalMS bankrupt or insolvent. 

4) The pro.,.. paymeat rMe in the sub-subcontract is 
the customary rate used by Fermilab depending on 
whether the sub-subc:oatnll;tor is or is not a small 
business COncenl. 

.5) 	 The parties &pee eOncernina any proceeds received 
by Fermilab for pk1)pil'ty to which title has vested in 
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LABOR SURPLUS AREA SUB-SUBCONTRACTING PROGRAM 


1. DEFINITIONS. 
See the Utilization of Labor Surplus Area Concerns clause 
of this subcontract. for applicable definitions. 

2. The Subcontractor agrees to establish and conduct a pro­
gram to encourage labor surplus area (LSA) concerns to 

compete for sub-subcontracts within their capabilities when the 
sub-subcontracts are consistent with the efficient performance 
of the subcontract at prices 00 higher than obtainable else­
where. The Subcontractor shall:. 

a) 	 Designate a liaison officer who will (0 maintain liaison 
with authorized representatives of Fermilab on LSA 
matters, (ii) supervise compliance with the Utilization 
of Labor Surplus Area Concerns clause, and (iii) ad­
minister the Subcontractor's 'Labor Surplus Area Sub· 
subcontracting Program'; 

b) 	Provide adequate and timely consideration of the 
potentialities of LSA concerns in all "make-or-buy" 
decisions; 

c) 	 Ensure that LSA concerns have an eqwtable opportuni­
ty to compete for sub-subcontracts, parucu.iarly by ar­
ranging solicitations. time for the preparanon of offers. 
quantities, specifications. and delivery schedwes so as 
to facilitate the panicipation of LSA concerns; 

d) Include the Utilization of Labor Surplus :\rea Concerns 
clause in sub-subcontracts that offer substantial LSA 
sub·subcontracting opportunities; and 

e) 	Maintain records showing (i) the procedures which have 
been adopted and (ii) the Subcontractor's performance. 
to comply with this clause. The records will be kept 
available for review by Fermilab until the expiration of 
I year after the award of this subcontract. or for such 
longer period as may be required by any other clause of 
this subcontract or by applicable law or regwatioos. 

o The Subcontractor further agrees to insert, io any 
related sub-subcontract hereunder that may exceed 
$SOO,OOO and that contains the Utilization of Labor 
..s.rea Concerns clause, terms that shall conform sub­
stantially to the language of this clause • .neluding this 
paragraph (0, and to notify Fermilab of :he names of 
such sub-subcontractors. 
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FERMILAB FIXED PRICE SUPPLY SUBCONTRACT 

TERMS" CONDITIONS 


1. 	 Changes 1 
2. 	 Reports & Records 1I""""" 
3. 	 Payment 1 

4. 	 Inspection of Supplies-Fixed Price 1·2 

5. 	 Warranty 2 

6. 	 Responsibility for Supplies 2 

7. 	 Termination for Convenience 
of Fermilab 2·4 

8. 	 Default 4 

9. 	 Reserved 5 
10. Buy American Act-Supplies 	 5 

11. Walsh· Healey Public Contracts Act 5 

12. Restrictive Legends 	 5 

13. Permits 	 5 

14. Reserved 	 5 

15. Extras 	 5 

1 . 	 CHANGES 

1.1 	 Fermilab may at any time, by a written order. and without 
notice to the sureties, if any, make changes within the 

general scope of this subcontract in anyone or more of the 
following: 

(a) drawings, designs or specifications when the supplies 
to be furnished are to be specially manufactured for 
Fermilab in accordance with the drawings, designs or 
specifications. 

(b) method of shipment or packing. 

(c) place of delivery. 

1.2 	 If any such change causes an increase or decrease in the 
cost of. or the time required for, the performance of any 

part of the work under this subcontract, whether or not changed 
by the order. Fermilab shall make an equitable adjustment in 
the subcontract price, the delivery schedule. or both. and shall 
modify the subcontract. 

1.3 	 The Subcontractor must submit any "proposal for adjust­
ment" (hereafter referred to as proposal) under this 

clause within 30 days from the date of receipt of the written 
order. However, if Fermilab decides that the facts justify it. 
Fermilab may receive and act upon a proposal submitted before 
final payment of the subcontract. 

1.4 	 If the Subcontractor's proposal includes the cost of prop­
eny made obsolete or excess by the change, Fermilab shall 

have the right to prescribe the manner of the disposition of the 
propeny. 

2. 	 REPORTS AND RECORDS 

2.1 	 The Subcontractor shall make such repons to Fermilab 
and maintain such records with respect to the Subcontrac­

tor's activities under this subcontract as Fermilab may require 
from time to time. 
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3. 	 PAYMENT 

Payment will be made after acceptance by Fermilat- and 
receipl of a proper invoice. Discount time will be ":Onl­

pUled from dale of delivery at place of ac\.·eptance or Ir,lm 
re.:cipi of proper imoi.:e at the office specified by F~rIniiah. 
whll.;he\er i., later. Payment is made. for discount purp,hC~. 
when ..:hl'l.:k i . ., maIled. 

4. 	 INSPECTION OF SUPPLIES- FIXED·PRICE 

4.1 	 Definition. "Supplies." as used in this clause. includes 
but is not limited to raw materials. components. inter­

mediate assemblies. end products. and lots of supplies. 

4.2 	 The SubcontractOr shall provide and maintain an Inspec­
tion system acceptable to Fermilab covering supplies 

under this subcontract and shall tender to Fermilab for accep­
tance only supplies that have been inspected in accordance with 
the inspection system and have been found by the SubcontractOr 
to be in conformity with subcontract requirements. As part of 
the system. the Subcontractor shall prepare records evidencing 
all inspections made under the system and the outcome. These 
records shall be kept complete and made available to Fermilab 
during subcontract performance and for as long afterwards as 
the subcontract requires. Fermilab may perform reviews and 
evaluations as reasonably necessary to ascertain compliance 
with this paragraph. These reviews and evaluations shall be con­
ducted in a manner that will not unduly delay the subcontract 
work. The right of review. whether exercised or not. does not 
relieve the Subcontractor of the obligations under the subcon­
tract. 

4.3 	 Fermilab has the right to inspect and test all supplies 
called for by the subcontract, to the extent practicable. at 

all places and times, including the period of manufacture. and in 
any event before acceptance. Fermilab shall perform inspections 
and tests in a manner that will not unduly delay the work. 
Fermilab assumes no contractual obligation to perform any in­
spection and test for the benefit of the Subcontractor unless 
specifically set forth elsewhere in this subcontract. 

4.4 	 If Fermilab performs inspection or test on the premises of 
the Subcontractor or a sub-subcontractor. the Subcon­

tractor shall furnish, and shall require sub·subcontractOrs to 
furnish, without additional charge. all reasonable facilities and 
assistance for the safe and cODvenient performance of these 
duti~. Except as otherwise provided in the subcontact. Fermi­
lab shall bear the expense of Fermilab inspections or tests made 
at other than the Subcontractor's or sub-subcontractor's 
premises; provided, that in case of rejection. Fermilab shall not 
be liable for any reduction in the value of inspection or test 
sampl~. 

4.5 	 (a) When supplies are not ready at the time specified by 
the Subcontractor for inspection or test, Fermilab 
may charge to the Subcontractor the additional cost 
of inspection or test. 

(b) Fermilab may also charge the Subcontractor for any 
additional cost of inspection or test when prior rejec­
tion makes reinspection or ret~t necessary. 

4.6 	 Fermilab has the right either to reject or to require correc­
tion of nonconforming supplies. Suppli~ are noncon­

forming when they are defective in material or workmanship or 
are otherwise not in conformity with subcontract requirements. 
Fermilab may reject nonconforming supplies with or without 
disposition instructions. 
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4.7 The Subcontr Ictor shaU remove supplies rejected or reo 
quired to be C' ,rrected. However, Fermilab may require or 

permit correclion in place, promptly after notice, by and at the 
exp.:nse of the Subcontractor. The Subcontractor shall not 
tender for 'acceptance corrected or rejected supplies without 
disclosing the former rejection or requirement for correction. 
and. when reouired, shall disclose the corrective action taken. 

4.8 If the SubcoOl raetor fails to promplly remove, replace. ~'r 
correct rejected supplies that are n'4uired to be removed 

or l' be replaced or .:orrected. Fermilah Illay either (a\ by ,uh­
..:onlract or otherwj,.:. remove, rcpla..:e. or ..:orrect the ~uprlJc' 
and .:harge the COSt to the Subcontractor or (b) terminate the 
sub..:ontract for default. Unless the Subcontractor corrects or 
replaces the supplies within the delivery schedule. Fermilab may 
require their deliver\ and make an equitable price reduction, 

4.9 Fermilah shall accept or reject supplies as promptly a, 
practicable after delivery, unless otherwise provided in the 

sub..:ontract. Fermilab failure to inspect and accept or reject the 
supplies shall not relieve the Subcontractor from responsibility. 
nor impose liability 'In Fermilab, for nonconforming ,upplies. 

4.11) inspections and tests by Fermilab do not relieve t he Sub· 
contractor of lesponsibility for defects or other failures to 

meet subcontract fl'quirements discovered before acceptance. 
Ac..:eptance shall be .:onclusive, except for latent defects, fraud, 
gro,s mistakes amounting to fraud, or as otherwise provided in 
the subcontract. 

4.11 If acceptance is not conclusive for any of the reasons in 
paragraph 4.10 hereof, Fermilab. in addition to any other 

rights and remedies provided by law, or under other provisions 
of Ihis subcontract. shall have the right to require the Subcon· 
tractor (a) at no increase in subcontract price. to correct or 
rep ace the defective or nonconforming supplies at the oriltinal 
point of delivery or at the Subcontractor's plant at Fermiiab's 
ell', tion, and in accordance with a reasonable delivery schedule 
as may be agreed upon between the Subcontractor and Fermi· 
lab: provided, that Fermilab may require a reduction in subcon­
tra..:t price if the Subcontractor fails to meet such deliverv 
sch.:dule, or (b) within a reasonable time after receipt by th~ 
Sut'cOntraclor of notice of defects or nonconformance, to repay 
sucn ponion of the subcontract as IS equitable under the .:ir· 
cunlstances if Fermilab elects not to require correction or 
replacement. When supplies are returned to the Subcontractor, 
the Subcontractor shall bear the transportation cost from the 
original point of delivery to the Subcontractor's plant and 
return to the original point when that point is not the Subcon­
tractor's plant. If the Subcontractor fails to perform or act as 
reqllired in (a) or (b) above and does not cure such failure within 
a pc:riod of 10 days (or such longer period as Fermilab may 
authorize in writing) after receipt of notice from Fermilab speci· 
fying such failure, Fermilab shall have the right to contract or 
otherwise to replace or correct such supplies and charge to the 
Subcontractor the cost occasioned Fermilab thereby. 

5. WARRANTY 

5.1 Subcontractor warrants: AU supplies, materials. and 
related services. hereinafter called "supplies". furnished 

under this subcontract will conform to the specifications and aJl 
oth'!r requirements of this subcontract and will be free from 
defects in material or workmanship. 

5.2 Such warranties together with Subcontractor's service 
. warranties and guarantees, if any. shall survive inspec­

tlon. tests, acceptance of and payment for the supplies and shall 

run to Fermilab, its successors and assigns. The Subcontractor 
shall, within a reasonable time after receipt of written notice 
thereof, repair or replace, at its own expense, including 
transportation costs. if any, and without cost to Fermilab. any 
defc..:ts in materials or workmanship or nonconformance with 
,pcdfications which may appear during the period ending on a 
date t\\oelve months after initial use or eighteen months after 
delivery. whichever is earlier, unless a different warranty period 
IS pro\ ided in this subcontract. If, within a reasonable time, 
Suh..:ontraclOr is unable or refuses to correct or repla.:e such 
deft-'II\c or non..:onforming supplies, Fermtlab may, at its option, 
..:11 h.:r r.:turn lor .:rL'dit or may by ~ubcontract or otherWise 
repall' or n:pla..:e such supplies and assess Subcontractor the cost 
oc..:aslOned thereby, The rights and remedies of Fermilab pro· 
\ ided in this dause are in addition to and do not limit any rights 
afforded to Fermilab by law or by any other clause of this sub. 
comra..:!. 

5.3 If th.: specifi..:ations provide for the furnishmg oi deSigns 
by the Subcontra.:tor, the Subcontractor shall have com­

plete responsibility for the adequacy of designs to meet perfor­
mance requirements. 

6. RESPONSIBILITY FOR SUPPLIES 

6.1 Title to supplies furnished under this subcontract shall 
pass to the Government upon formal acceptance, 

regardless of when or where Fermilab takes physical possession, 
unless the subcontract specifically provides for earlier passage of 
title. 

6.2 Unless the subcontract specifically provides otherwise, 
risk of loss of or damage to supplies shall remain with the 

Subcontractor until, and shall pass to Fermilab upon­

(a) Delivery of the supplies to a carrier, if transponation 
is Lo.b. origin; or 

(b) Acceptance by Fermilab or delivery of the supplies to 
Fermilab at the destination specified in the subcon· 
tract, whichever is later, if transportation is Lo.b, 
destination. 

6.3 Paragraph 6.2 above shall not apply to supplies that so 
fail to conform to subcontract requirements as to 'live a 

right of rejection. The risk of loss of or damage to such no~con· 
forming supplies remains with the Subcontractor until cure or 
acceptance. After cure or acceptance. paragraph 6.2 above shall 
apply. 

6.4 Under paragraph 6.2 above, the Subcontractor shall not 
be Iiablt: for loss of or damage to supplies caused bv the 

n~gligence of officers, agents. or employees of Fermilab a~ting 
wlthm the scope of their employment. 

7. TERMINATION FOR CONVENIENCE OF FERMILAB 

7.1 Fermilab may terminate peformance of work Jnder this 
subcontract in whole or, from time to time, in part if it 

determines that a termination is in Fermilab's interest. Fermilab 
shall terminate by delivering to the Subcontractor a Notice of 
Termination specifying the extent of termination and the effec· 
tive date. 

7.2 After receipt of a Notice of Termination, and except as 
directed by Fermilab, the Subcontractor shall u'1lmediate­

Iy proceed with the following obligations. regardJess of any 
delay in determining or adjusting any amounts due under this 
clause: 

(a) Stop work as specified in the notice. 
(b) Place 	no further sub-subcontracts or orde:-s (referred 

to as sub·subcontracts in this clause) . materials, 
services, or facilities. except as necessar} ,» complete 
the continued ponion of the subcontract. 
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(c) 	Terminate all sub-subcontracts to the extent they 
relate to the work tenninated. 

(d) Assign to Fennilab, as directed by Fennilab, all right, 
title, and interest of the Subcontractor under the sub­
subcontracts terminated, in which case Fermilab shall 
have the right to settle or to pay any termination set­
tlement proposal arising out of those terminations. 

(e) 	With approval or ratification, to the extent required 
by Fermilab, settle all outstanding liabilities and ter­
mination settlement proposals arising from the ter­
mination of sub-subcontracts; the appro~al or 
ratification will be final for purposes of this clause. 

(0 	As directed by Fermilab, transfer title and deliver to 
Fermilab (i) the fabricated or un fabricated pam, 
work in process, completed work, supplies, and other 
material produced or acquired for the work ter· 
minated. and (ii) the completed or partially completed 
plans, drawings, information, and other property 
that, if the subcontract had been completed, would be 
required to be furnished to Fermilab. 

(g) Complete performance of the work not terminated. 

(h) Take any action that may be necessary, or that Fermi­
lab may direct, for the protection and preseT"ation of 
the property related to this subcontract that is in the 
possession of the Subcontractor and in which Fermi­
lab has or may acquire an interest. 

(i) 	 Use its best efforts to sell, as directed or authorized by 
Fermilab, any property of the types referred to in sub­
paragraph (f) above; provided, however, that the Sub­
contractor (i) is not required to extend credit to any 
purchaser and (ii) may acquire the property under the 
conditions prescribed by, and at prices approved by, 
Fermilab. The proceeds of any transfer or dispOSItion 
will be applied to reduce any payments to be made by 
Fermilab under this Subcontract, credited to the price 
or cost of the work, or paid in any other manner 
directed by Fermilab. 

7.3 Aiter expiration of the plant clearance period as derined 
in Subpart 45.6 of the Federal Acquisition Regulation. the 

Subcontractor may submit to Fermilab a list, certified as to 
quantity and quality, of termination inventory not previously 
disposed of. excluding items authorized for disposition by 
Fermilab. The Subcontractor may request Fermilab to remove 
those items or enter into an agreement ior their storage. Within 
15 days, Fermilab will accept title to those items and remove 
them or enter into a storage agreement. Fermilab may verify the 
list upon removal of the items, or if stored, within 45 days from 
submission of the list, and shall correct the list, as necessary. 
before final settlement. 

7.4 After termination, the Subcontractor shall submit a final 
termination settlement proposal to Fermilab in the form 

and with the certification prescribed by Fermilab. The Subcon­
tractor shall submit the proposal promptly, but no later than I 
year from the effective date of termination, unless extended in 
writing by Fermilab upon written request of the Subcontractor 
within this I-year period. However, if Fermilab determines that 
the facts justify it, a termination settlement proposal may be 
received and acted on after I year or any extension. If the Sub­
contractor fails to submit the proposal within the time allowed. 
Fermilab may determine, on the basis of information a~ailable, 
the amount, if any, due the Subcontractor because of the ter· 
mination and shall pay the amount determined. 
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1.5 SUbject to preceding paragraph 7.4, Jhe Subcontractor 
and Fermilab may agree upon the whoie or any part of the 

amount to be paid because of the teonination. The amount may 
include a reasonable allowance for profit on work done. 
However, the agreed amount, whether under this paragraph 7.5 
or paragraph 7.6 below, exclusive of costs shown in sub­
paragraph 7.6 (3) below, may not exceed the total subcontract 
price as reduced by (a) the amount of payments previousl\' made 
and (2) the subcontract price of work not terminated. The suh­
contract shall be amended. and the Subcontractor paid the 
agreed amounl. Paragraph 7.6 helow shall not limit. rNri\.'!. lIT 

affect the amount that may be agreed upon to be paid under Ihi~ 
paragraph. 

7.6 If the Subcontractor and Fermilab fail to agree on the 
whole amount to be paid because of the termination of 

work. Fermilab shall pay the Subcontractor the amounts deter­
mined by Fermilab as follows, but without duplicallon of any 
amounts agreed on under paragraph 7.5 above: 

(I) 	The subcontract price for completed supplies or ser­
vices accepted by Fermilab (or sold or acquired under 
subparagraph 7.2 (a) on previous page) not previously 
paid for, adjusted for any saving of freight and other 
charges. 

(2) The total of-

i) 	 The costs incurred in the performance of:he work 
terminated, including initial costs and preparatory 
expense allocable thereto, but excluding any costs 
attributable to supplies or services paid or to be 
paid under subparagraph 7.6 (I) above: 

ii) 	 The cost of settling and paying termination settle­
ment proposals under terminated sut--subcon­
tracts that are properly chargeable to [he ler­
minated portion of the subcontract if nc: :ncluded 
in subdivision (i) above: and 

iii) A 	sum, as proiit on subdivision (i) abol e, deter­
mined by Fermilab under 49.202 of the Federal 
Acquisition Regulation. in effect on the date of 
this subcontract. to be fair and reasonable; 
however. if it appears that the Subcontractor 
would have sustained a loss on the entire subcon­
tract had it been completed, Fermilab shall allow 
no profit under this subdivision (iii) and shall 
reduce the settlement to reflect the indicated rate 
of loss. 

(3) 	The reasonable costs of settlement of the ... ork ter­
minated. including-

i) 	 Ac;;ounting. legal, clerical, and other expenses 
reasonably necessary for the preparatIOn oi ter­
mination settlement proposals and supporting 
data; 

ii) 	 The termination and settlement of sub-subcon­
tracts (excluding the amounts of such seniements); 
and 

iii) 	Storage, transportation, and other costs Incurred, 
reasonably necessary for the preservation, protec­
tion, or disposition of the termination inventory. 

7.7 Except for normal spoilage. and except to the e~tent that 
Fermilab expressly assumed the risk of loss. Fermilab 

shall exclude from the amounts payable to the Sulx0ntractor 
under paragraph ".6 above, the fair value, as dete::nined by 
Fermilab, of property that is destroyed, lost, stolen. or damaged 
so as to become undeliverable to Fermilab or to a b-.:yer. 
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7.& . The" cos.'JpAnciples'and procedures of Part 31 of the 
Federal AcqUisition Regulation, in effect on the dale of 

thi~ subcontract. shall govern all costs claimed, agreed to, or 
determined .under this clause. 

7.9 	 In arriving at the amount due the Subcontractor under 
this clause, there shall be deducted­
(1) 	All unliquidated advance or other payments to the 

Subcontractor under the terminated portion of this 
subcontract; 

(2) 	Any claim which rermilab has ag:lin<;1 lhl' Sub,,:ulltrav 
tor under this subcont.ract; and 

(3) 	The agreed price for, or the proceeds of sale 01, 
materials. supplies, or other things acquired by the 
Subcontractor or sold under the provi.,ions of this 
.clause and not recovered by or credited to Fermilab. 

7.10 	 If the termination is partial, the Sub..:ontraclOr may file 3 

proposal with Fermilab for an equitahle adju'ilment of th<! 
pril;e(s) of the continued portion of the Subcontract. Fermilab 
shall make any equitable adjustment agreed upon. Any proposal 
by the Subcontractor for an equitable adjustment under this 
clause shall be requested within 90 days from the effective date 
of termination unless extended in writing hy Fermilab. 

7.11 	 (I) Fermilab may, under the term, and conditions it 
prescribes, make partial payments and payments 
against costs incurred by the Subcontractor for the 
terminated portion of the subcontract, if Fermilab 
believes the total of these payments will not exceed the 
amount to which the Subcontractor will be entitled. 

(2) If the total payments exceed the amount finally deter­
mined to be due, the Subcontractor shall repay the ex­
cess to Fermilab upon demand, together with interest 
(omputed at the rate established by the Secretary of 
the Treasury under 50 U.S.c. App. 1215(b)(2). In­
terest shall be computed for the period from the date 
the excess payment is received by the Subcontractor to 
the date the excess is repaid. Interest shall not be 
..:harged on any excess payment due to a reduction in 
the Subcontractor's termination settlement proposal 
because of retention or other disposition of termina­
l ion inventory until 10 days after :he date of the reten­
[lon or disposition, or a later date determined by 
I ermilab because of the circumstances. 

7.12 	 Unless otherwise provided in this subcontract Of by 
statute. the Subcontractor shall maintain all records and 

documents relating to the terminated ponion of this subcontract 
for 3 year, after final settlement. Thi5 includes all books and 
oth<!f evidence bearing on the Subcontractor's costs and ex­
per. ses under this subcontract. The Subcontractor shall make 
the:-e records and documents available to Fermilab, at the Sub­
contractor's office, at all reasonable times, without any direct 
charge. If approved by Fermi/ab. photographs, microphoto­
graphs. or other authentic reproductions may be maintained in­
stead of original records and documents. 

8. 	 DEFAULT 

8.1 	 (a) Fermilab may. subject to following paragraphs 8.3 
and 8.4, by written notice of default to the Subcon­
tractor, terminate this subcontra(.;t in whole or in part 
if the Subcontractor fails to-
i) 	 Deliver the supplies or to perform the services 

within the time specified in thlS subcontract or any 
extension; 

ii) 	 Make progress, so as to endanger performance of 
this subcontract; or 

iii) Perform any of the other provisions of this sub­
contract. 

PAGE 4 

(b) Fermilab's right to terminate this subcontract unde7 
subdivisions 8.1 (a) (ii) and 8.1 (a) (iii) above, may be 
exercised if the Subcontractor does not cure such 
failure within 10 days (or more if authorized in writing 
by Fermilab) after receipt of the notice from Fermilab 
specifying the failure. 

8.2 	 If Fermilab terminates this subcontract in whole or in 
part, it may acquire, under the terms and in the manner il 

~ol1siders appropriate, supplies or services similar to those ter­
minated. and the Subcontractor will be liable to Fermilab for 
any excess costs for those supplies or services. However, the 
Subcontractor shall continue the work not terminated. 

8.3 	 Except for defaults of sub-subcontractors at any tier, the 
Subcontractor shall not be liable for any excess costs if 

the failure to perform the subcontract arises from causes beyond 
the control and without the iauit or negligence of the Subcon­
tractor. Examples of such causes include (\) acts of God or of 
t he public enemy, (2) acts of the Government in its sovereign 
capacity, (3) fires, (4) floods. (5) epidemics, (6) quaramine 
restrictions, (7) strikes, (8) freight embargoes, and (9) unusually 
severe weather. In each instance the failure to perform must be 
beyond the control and without the fault or negligence of the 
Subcontractor. 

8.4 	 If the failure to perform is caused by the default of a sub-
subcontractor at any tier. and if the cause of the default is 

beyond the control of both the Subcontractor and sub­
subcontractor, and without the fault or negligence of either, the 
Subcontractor shall not be liable for any excess costs for failure 
to perform, unless the sub-subcontracted supplies or services 
were obtainable from other sources in sufficient time for the 
Subcontractor to meet the required delivery schedule. 

8.5 	 If this subcontract is terminated for default. Fermilab 
may require the Subcontractor to transfer title to the 

Government, and deliver to Fermilab as directed by it, any (I) 
completed supplies, and (::) partially completed supplies and 
materials, parts, tools, dies. Jigs, fixtures. plans, drawings, in­
formation, and contract rights (collectively referred to as 
"manufacturing materials" in this clause} that the Subcontrac­
tOr has specifically produced or acquired for the terminated por­
tion of this Subcontract. Upon direction of Fermilab, the Sub­
contractor shall also protect and preserve propeny in its posses­
sion in which the Government or Fermilab has an interest. 

8.6 	 Fermilab shall pay the subcontract price for completed 
supplies delivered and accepted. The Subcontractor and 

Fermilab shall agree on the amount of payment for manufactur­
ing materials delivered and accepted and for the protection and 
preservation of the property. Fermilab may withhold from these 
amounts any sum it determines to be necessary to protect it 
against loss because of outstanding liens or claims of former lien 
holders. 

8.7 	 If, after termination. it is detennined that the Subcontrac­
tor was not in default. or that the default was excusable, 

the rights and obligations of the parties shall be the same as if 
the termination had been issued for the convenience of Fermi­
lab. 

8.8 	 The rights and remedies of Fermilab in this clause are in 
addition to any other rights and remedies provided by law 

or under this subcontract. 
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9. 	 RESERVED 

10. 	 BUY AMERtCAN ACT -SUPPLIES 

10.1 	 The Buy American Act (41 U.S.c. 10) provides that the 
Government give preference to domestic end products. As 
used in this clause: 

(a) 	"Components" means those articles. materials. and 
supplies which are direl:tly incorporated into the end 
product; 

(bl "Domestic end 	product" means 
I) an unmanufactured end product mined or pro­

duced in the United States. or 
2) an end product manufactured in the United States 

if the cost of all its components mined. produced. 
or manufactured in the Cnited States exceeds ~O 
percent of the COSt of all its components. Com­
ponents of foreign origin of the same type or kind 
as the products referred to in subparagraph 10.2 
(c) or (d) of this clause shall be treated as domestic. 
Scrap generated, collected, and prepared for pro­
cessing in the United States is considered 
domestic. 

(c) 	 "End products" means those articles, materials, and 
supplies to be acquired for public use under this sub­
contract. 

10.2 	 The Subcontractor shall deliver only domestic source end 
products, except those: 

(a) For use outside the United States; 

(b) That the Government determines are not mined, pro­
duced. or manufactured in the Lnited States in suffi­

_ 	 cient and reasonably available commercial quantities 
and of a satisfactory quality; 

(el For which the Department determines that domestic 
preference would be inconsistent with the public in­
terest; or 

(d) For which 	the Department determines the cost to be 
unreasonable. 

(The foregoing requirements are administered in accordance 
with Executive Order No. 10582, dated December 17, 1954. as 
amended. and Subpart 25.1 of the Federal Acquisition Regula­
tion). 

-


11. 	 WALSH·HEALEY PUBLIC CONTRACTS ACT 

11.1 	 If this subcontract is for the manufacture or furnishing of 
materials, supplies. micles, or equipment in an amount 

which exceeds or may exceed $10.000 and is subject to the 
Walsh-Healey Public Contracts Act. as amended (41 U.S.c. 
35-45). 	 . 

(a) 	All representations and stipulations required by the 
Act and regulations issued by the Secretary of labor 
\4\ eFR Chapter 50) are incorporated by reference. 
These representations and stipulations are subject to 
all applicable rulings and interpretations of the 
Secretary of Labor that art' now. or may hereafter. be 
in effect. 

(b) 	All employees whose work relates to this subcontract 
shall be paid not less than the minimum wage pre­
scribed by regulations issued by the Secretary of 
Labor (41 CFR 50-202.2). Learners. student learners. 
apprentices. and handicapped work.ers may be 
employed at less than the prescribed minimum wage 
(see 41 CFR 50-202.3) to the same extent that such 
employment is permitted under Section 14 of the Fair 
Labor Standards Act (41 U.S.c. 40). 

12. 	 RESTRICTIVE LEGENDS 

12.1 	 Subcontractor shall not, unless expressly authorized by 
this subcontract. furnish. supply or deliver any data that 

is of a proprietary nature, is a trade secret or bears a restrictive 
legend. Fermilab assumes no liability with respect to data 
delivered without express authorization. 

13. 	 PERMITS 

13.1 	 Except as otherwise directed by Fermilab. the Subcontrac­
tor shall procure all necessary permits or licenses and abide 

by all applicable laws, regulations. and ordinances of the United 
States and of the State. territory. and political subdivision' in 
which the work under :his subcontract is performed. 

14. 	 RESERVED 

15. 	 EXTRAS 

15.1 	 Except as other'.l.ise provided in this subcontract. no pay­
ment for extras shall be made unless such extras and the 

price therefor have been authorized in writing by Fermilab. 
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ADDENDUM 1 TO FL·2 a FL·3 


1. 	 DEFINITIONS 

As used throughout this Addendum. the following terms 
shall have the meaning set fonh below: 

(a) The words 	"contract" or "Contractor" shall mean 
"subcontract" or "Subcontractor". respectively. 

(b) The words "'iubcontract" 	or "Subcontractor" shall 
mean "sub-subcontract" or "Sub-subcontractor". 
respectively. 

2. 	 ADDITIONAL TECHNICAL DATA REQUIREMENTS 

(a) 	In addition to the technical data specified elsewhere in 
this contract to be delivered. Fermilab or the Govern­
ment may at any time during the contract perfor­
mance or within one year after final payment call for 
the Contractor to deliver any technical data first pro­
duced or specifically used in the performance of this 
contract except technical data penaining to items of 
standa; d commercial design. 

(b) The provisions 	of the "Rights in Technical Data" 
clause included in this contract are applicable to all 
technical data called for under this •• Additional 
Technical Data Requirements" clause. Accordingly. 
nothing contained in this clause shall require the Con­
tractor to actually deliver any technical data. the 
delivery of which is excused by paragraph (e) of the 
"Rights in Technical Data" clause. 

(c) 	When technical data are to be delivered under this 
clause. the Contractor will be compensated for ap­
propriate costs for convening such data into the 
prescribed form, for reproduction, and for delivery. 

3. 	 RIGHTS IN TECHNICAL DATA - (Long Form) 

(a) DEFINITIONS 

(I) 	"Technical data" means recorded information 
regardless of form or characteristic, of a scientific 
or technical nature. It may, for example, docu­
ment research. experimental. developmental, or 
demonstration, or engineering work, or be usable 
or used to define a design or process, or to pro­
cure, produce, suppon, maintain. or operate 
material. The data may be graphic or pictorial 
delineations in media such as drawings or 
photographs, text in specifications or related per­
formance or design type documents or computer 
software {including computer programs, computer 
software data bases, and computer software 
documentation}. Examples of technical data in­
clude research and engineering data, engineering 
drawings and associated lists, specifications, stan­
dards, process sheets, manuals, technical repons, 
catalog item identification. and related informa­
tion. Technical data as used herein do not include 
financial repons. cost analyses. and other infor­
mation incidental to contract administration. 
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(2) "Proprietary 	data" means technical data which 
embody trade secrets developed at private ex­
pense, such as design procedures or techniques. 
chemical composition of materials. or manufac­
turing methods, processes. or treatments. in­

cluding minor modifications thereof. provide<! 
that such data: 

(i) 	 Are nOl generally k.nown or available rrom 
other resources without obligation concerning 
their confidentiality; 

(ii) 	 Have not been made available by the owner to 
others without obligation concerning their 
confidentiality; and 

(iii) 	Are not already available to the Government 
without obligation concerning their confiden­
tiality. 

(3) 	"Contract data" means technical data first pro­
duced in the performance of the contract. 
technical data which are specified to be delivered 
under the contract. technical data that may be 
called for under the "Additional Technical Data 
Requirements" clause of the contract. if any. or 
technical data actually delivered in connection 
with the contract. 

(4) "Unlimited rights" means rights to use. duplicate. 
or disclose technical data. in whole or in pan, in 
any manner and for any purpose whatsoever. and 
to permit others to do so. 

(b) ALLOCATION OF RIGHTS 

(1) The Government shall have: 

(i) 	Unlimited rights in contract data except as 
otherwise provided below with respect to pro­
prietary data. 

(ii) 	The right to remove, cancel, correct or ignore 
any markings not authorized by the terms or 
this contract on any technical data furnished 
hereunder. if in response to a written inquiry 
by DOE concerning the propriety of the 
markings, the Contractor fails to respond 
thereto within 60 days or fails to substantiate 
the propriety of the markings. In either case 
DOE will notify the Contractor of the action 
taken. 

(iii) No rights under this contract in any technical 
data which are not contract data. 

(2) The Contractor shall have: 

(i) The right to withhold proprietary data in ac­
cordance with the provisions of this clause: 
and 

(ii) 	 The right to use for its private purposes, sub­
ject to patent. security or other provisions oi 
this contract. contract data it first produced 
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in the perfori1t~Ofthis contract. provided 
the dlitQ: feQuirententsofthis contract have 
betn .fief·· as ot the date of the private use of 
suth data. TbeCc)fttractor agrees that to the 
extent it Te¢eiVesOr is given access to pro­
prietary data ot other technical, business or 
financial'alita in the form of recorded infor­
mation riotnOOE or a DOE contractor or 
subcontractor. the Contractor shall treat such 
data in accordance with any restrictive legend 
contained thereon. unless use is specifically 
authorized by prior written approval of DOE. 

(3) Nothing contained in this "Rights 	in Technical 
Data" Clause shall imply a license iO the Govern­
ment under any p~entor be construed as affecting 
the scope of any licenses or other rights otherwise 
granted to the Government under any patent. 

(c) COPYRIGHTEb MATERIAL 

(I) The Contractor shall not, without prior written 
authorization of DOE, establish a Claim to 
statutory copyright in any contract data first pro­
tluced in the perfonnance of the contract. To the 
extent such authorization is granted. the Govern­
ment reserves for itself and others acting on its 
behalf a royalty-free, nonexclusive, irrevocable 
world-wide license for Governmental purposes to 
publish, distribute, translate. duplicate. exhibit 
and perform any such data copyrighted by the 
Contractor. 

(2) The 	 Contractor agrees not to include in the 
technical data delivered under the contract any 
material copyrighted by the Contractor and not to 
knowingly include any material copyrighted by 
others, without first granting or obtaining at no 
costa license therein for the oenefit of the Govern­
ment of the same scope as set iorth in paragraph 
(c) (I) above. If such royalty-free license is 
unavailable and the Contractor nevertheless deter­
mines that such copyrighted material must be in­
cluded in the technical data to be delivered, rather 
than merely incorporated therein by reference, the 
Contractor shall obtain the written authorization 
of DOE to include such copyrighted material in 
the technical data prior to its delivery. 

(d) SUBCONTRACTING 

It is the responsibility of the Contractor to obtain 
from its subcontractors technical data and rights 
therein. on behaJf of the Government. necessary to 
fulfill the Contractor's obligations to the Government 
with respect to such data. In the event of refusal by a 
subcontractor to accept a Clause affording the 
Government such rights, the Contractor shall: 

(l) 	Promptly submit written notice to DOE \ la 
Fermilab seutntl forth reasons for the subcontrac· 
tor refusal and olher pertinent information which 
may expedite disposition of the matter; and 

(2) 	Not proceed with the subcontract without the writ­
ten authorization of DOE. 

(e) 	WITHHOLDING OF PROPRIETARY DATA 

Notwithstanding the inclusion of the "Additional 
Technical Data Requirements" clause in this contract 
or any provision of this contrac! specifring the 
delivery of technical data, the Contractor may 
withhold proprietary data from delivery, provided 
that the Contractor furnishes in lieu of any such pro­
prietary data so withheld technical data disclosing the 
source, size. configuration. mating and attachment 
characteristics. functional characteristics and perfor­
mance requirements ("Form, Fit and Function" data. 
e.g., specification control drawings, catalog sheets, 
envelope drawings. etc.) or a general description of 
such proprietary data where "Form, Fit and Func­
tion" data are not applicable. The Government shall 
acquire no rights to any proprietary data so withheld 
except that such data shall be subject to the "inspec­
tion rights" pro\lsions of paragraph (0, and, if 
included, the "Limited rights in proprietary data" 
provisions of paragraph (g) and the "Contractor 
licensing" provisions of paragraph (h). 

(f) 	INSPECTIO~ RIGHTS 

Except as mar be otherwise specified in this contract 
for specific items of proprietary data which are not 
subject to this paragraph, Fermilab's and the Govern­
ment's representatives, at all reasonable times up to 

three (3) years after final payment under this contract. 
may inspect at lhe Contractor's facility any pro­
prietary data withheld under paragraph (el for the 
purposes of veriiying that such data properly fell 
within the withholding provision of paragraph (e). or 
for evaluating work performance. 
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