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RESTRICTED DATA 
TAINS RESTRIC![l) DATA 

EN£RGY ,.c;rQF 
E SUBJECT TO 

ONS. 

RULES FOR RECORDING IDEAS AND EXPERIMENTS 

1, ORIGINAL RECORDS ARE TO BE IN INK. 

2, NOTEBOOK PAGES ARE TO BE USED CONSECUTIVELY, IF FOR ANY 
REASON A PAGE IS SKIPPED, IT SHOULD BE RULED OUT. IF THE 
ENTRIES ON A GIVEN SUBJECT DO NOT COMPLETELY FILL A PAGE. 
THE REMAINDER OF THE PAGE SHOULD BE RULED OUT, IF THE 
ENTRIES ON A GIVEN SUBJECT EXTEND OVER SEVERAL PAGES WHICH 
ARE NOT CONSECUTIVE, PROPER CROSS REFERENCES SHOULD BE 
INSERTED. 

3. THE NOTEBOOK IS TO BE PRESERVED INTACT. IN NO CASE SHOULD 
ANY PAGE OR PART OF A PAGE BE REMOVED. 

-t. NO ERASURES ARE TO OCCUR IN THE RECORD, ANY CORRECTIONS 
OR CHANGES SHOULD BE MADE BY CANCELLATION, LEAVING THE 
ORIGINAL ENTRY LEGIBLE. 

5. ALL ENTRIES SHOULD BE DATED, INCLUDING THE YEAR, IF A GIVEN 
ENTRY EXTENDS OVER MORE THAN ONE PAGE, THE CATE SHOULD 
APPEAR ON EACH PAGE. 

6, THE PERSON MAKING EACH ENTRY SHOULD SIGN HIS NAME AT THE 
ENO THEREOF, 

7, ANY ENTRY RELATING TO A NEW IDEA, CONTAINING A PROPOSAL 
FOR A FUTURE EXPERIMENT, OR CONTAINING A COMPLETED 
EXPERIMENT, SHOULD RECEIVE PARTICULAR ATTENTION. IT 
SHOULD BE SUCH AS TO BE UNDERSTANDABLE TO OTHERS AND NOT 
A MERE REMINDER TO THE MAKER. IT SHOULD BE READ OVER BY 
A TECHNICALLY QUALIFIED PERSON WHO DID NOT CONTRIBUTE 
NOVEL IDEAS IN CONNECTION WITH THE WORK INVOLVED AND 
DATED AND SIGNED BY HIM AS A WITNESS ON EACH PAGE OF THE 
ENTRY, AFTER MAKING SURE THAT HE UNDERSTANDS IT, (IF 
FURTHER DETAILS ARE NECESSARY TO COMPLETE THE WITNESS' 
UNDERSTANDING; PROPER ADDITIONAL ENTRIES SHOULD BE MADE 
BEFORE HE SIGNS.) 

B. CLASSIFIED INFORMATION SHALL BE MACE ONLY IN THE PROPER 
NOTEBOOKS PROVIDED FOR THAT PURPOSE. 

I CERTIFY THAT I HAVE EXAMINED THIS NOTEBOOK AS 

OF THE DATE SET FORTH BELOW, AND THAT IT CONTAINS 

NO PRO BA BLY PATENTABLE IDEAS OR INVENTIONS MADE 

OR CONCEIVED IN THE COURSE OF MY EMPLOYMENT BY 

UNC NUCLEAR INDUSTRIES, FOR WHICH A PATENT DIS­

CLOSURE REPORT HAS NOT BEEN FILED. 
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AN EVALUATION OF THE MARK X 

TRITIUM MODE FUEL DESIGN 

INTRODUCTION AND SUMMARY 

The proposed Mark X fuel design contains several features which are 
unique and never used in other fuel designs that have operated in 
N-Reactor. These are: . 

l. The outer cylinder is a target element. This makes the 
outer target element very vulnerable to damage during 
charge-discharge. It also results in very little heat 
transfer into the outer flow annulus and the need for a 
device to achieve mixing of the flow channels to prevent 
a severe enthalpy unbalance. 

2. A single fuel driver cylindrical element with heat transfer 
surfaces small~ heat fluxes higher than in fuel bundles 
operated to date. 

The result is a highrisk design to achieve the features of a burn­
able poison. Alternate designs to achieve burnable poison features 
which avoid these risks should be investigated before seriously 
considering the Mark X design. 

DISCUSSION 

Figure l shows the cross section of the Ma,k X - T mode fuel design. 
Table l gives the radii of the various cyl1'4ders in this design. 

A unique feature of this design, compared to other designs used or 
considered for N-Reactor, is use of a target as the outer cylinder 
of the assembly. This presents several problems not here-to-fore 
existing in other fuel assembly designs. 

l. The outer cylinder is more vulnerable to damage from scraping 
of the surface by a bowed process tube during the ~ging 
process and by impact from other discharging fuel assemblies 
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as they fa 11 free into the "mine cart". Both could result in 
the loss of free tritium if the non-bounded outer cladd.ing 
should be penetrated during discharge. Penetration of the 
outer clad during charging could expose the aluminum barrier 
to high temperature primary coolant,resulting in rapid corrosion 
of the aluminum and release of tritium into the primary coolant. 

The problem of outer target damage by impact during refueling 
may be solved by designing the discharge system to prevent 
impact; i.e.,do not allow assemblies to drop one on top of the 
other. A CANDU type of charge-discharge arrangement would 
solve this problem. 

The problem of fuel assembly-process tube interference and the 
potential for cladding damage during charging is not readily 
solved in the N-Reactor tube geometry where tube distortig; 
and charging forces are increasing. The LTHWR fuel assembly 
has a housing tube to protect the outer target tube. But, 
the LTHWR uses a much larger diameter tube. 1 

Fuel designs such as Mark X with an outer,l,{nprotected target 
tube are vulnerable to damage and are inherently a high risk 
design. There appears to be no readily applicable solution 
to the problem. 

2. The use of a target as the outer tube in the Mark X assembly 
results in very little heat flow into the outer flow annulus 
between the outer target tube and the process tube. The result 

\A""~ .. I_...,._ 

is a severe enthalpy or energy pickup;in the three flow annulii 
of the fuel assembly. Th,11s unbalance is shown below and is 
based on flow being approximately 
negligible heat generation in the 
outer channel from the graphite. 

proporticTial to flow area, 
target and 3% heat into the 

' 

1. UNI-2000, Volume 12, Replacement Production Evaluation Program, 
Volume 12, Low Temperature Heavy Water Reactor, Replacment Reactor 
Concept Description, 4/30/81. 
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Flow Area Flow Heat Pickup Entha l PY 

Flow Channel Inch2 % % Pickue/Flow 

(inner) 0.565 22.3 45.2 2.03 

2 (middle) 1.005 39.7 51.8 1.3 

3 (outer) 0.961 38.0 3.0 0.08 

The unbalance between the inner and middle flow channels can be 
eliminated by modifying the radii of the inner target rod and the 
inner tube. This approach cannot be used on the outer flow channel 
where the.largest problem occurs, e.g. the outer flow channel has, 

P"" pe..-+i ,._ • 
in ~•e~afti~e, a much larger flow area than heat pickup. This cannot, 
or should not, be corrected by reducing the gap across the outer 
channel or by putting any appreciable flow obstructions into the 
channel. The existing clearance is necessary for charging of 
assemblies into the distorted process tubes. 

The flow vs. heat input, or enthalpy1 unbalance noted above must be 
corrected to make the Mark X viable. The Mark II coproduct had 
an enthalpy unbalance of about 20%. This should be the objective 
of any new fuel design. The correction for Mark X or any other 
design using a target as the outer uiube must be done by flow 
mixers at the end of some of the fuel elements that mix the streams 
leaving the three flow channels. Since flow mixing involves flow 
momentut11 change, flow mixing will result in additional riser-to-

+--'-'­riser pressure drop that must be accommodated by less process,flow 
or pressure drop in the fuel assembly. 

The calculated heat fltlx for the inner surface of the driver is 
888,000 B1111/f.i-2-hr. This is 36% higher than the maximum heat 
flux of 651,000 Btw/hr-fi-2 obtained during the late 1960's co­
product demonstration at 4000 Mwt and 13.4% higher than the maximum 
heat flux of 783,000 BtW/hr-ft2 obtained under the 4800 Mwt-31 
hour demonstration run. 

The high heat flux is due to the smaller diameter of the driver. 
This higher heat flux does not appear to be a no-go'situation but 
does need to be evaluated with the following concerns in mind. 
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1. Burn-out flux margins 
2. Design of fuel supports to minimize hot spots. 

The real concern is that the higher heat flux can result in a 
higher fuel failure rate. 

The operating experience that fits closest to Mark X design is that 
of the Mark II co-product expe~ience in 1963. Fuel failure, dtle to 
hot spots at fuel supports, were experienced when operation went 

from ( to 1'.cells. 

A design of the Mark II with the high heat flux noted above will 
require considerable Rand D

7 
including prototype testing,since the 

problem of high heat flux hot spots cannot be solved only by analysis. 
The higher heat flux will also require considerable Rand D to 
develop additional critical heat flu•x correlative data for the 
new operating region. 
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Table 1 

N REACTOR T MODE - "MARK X" 

Dimensions QR, CM 

Target 1. 121 

Al l .186 

Zr 1.251 inner flow channel IR 

H20 1.651 inner flow channel OR 

Zr 1. 740 

Fuel 2.290 

Zr 2.379 middle flow channel 

H20 2.779 middle flow channel 

Zr 2.844 

Al 2.909 

Target 3.009 

Al 3.074 

Zr 3.139 outer flow channel 

H20 3.439 outer flow channel 

Zr-pressure tube 4.318 

Materials: 
fuel = 93% enr U in Zr matrix 

Target= liAlel:/ or LiAl 

IR 

OR 

IR 

OR 
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