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831 Power Building 

TENNESSEE VALLEY AUTHORITY 
CHATTANOOGA, TENNESSEE 37401 

May 16, 1975

Mr. A. Schwencer, Chief 
Light Water Reactors Branch 2-3 
Division of Reactor Licensing 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555 

Dear Mr. Schwencer: 

In the Matter of the Application of 
Tennessee Valley Authority

) 
)

Docket Nos. 50-438 
50-439

In response to your March 25, 1975, request for additional information, 
enclosed are ten copies of our responses to questions 3, 5, 7, and 8.  

Responses to questions 1, 2, 4, and 6 were enclosed in my letter dated 

April 14, 1974.  

Very truly yours, 

L J. E. Gilleland 
Assistant Manager of Power

Enclosures

C 
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BELLEFONTE NUCLEAR PLANT UiJTS 1 AND 2 
DOCKET NOS. 50- 4 38 AM 5o-439 

QUESTION 3: 
Discuss the effects that vertical forces (e.g., LOCA pressure loads) 
might have on differential liner motion at the intersection of the 

containment wall and floor due to 1) soueezing of clay seams and 
2) the heterogeneous foundation of fill concrete aiid rock.  

RESPONSE: 

A finite element analysis of the area surrounding the intersection 

of the containment wall and base slab shows strains well below permissible 

strains for the liner. The analysis further shows that LOCA pressure 

loads actually reduce the strain existing in the liner prior to a LOCA.  

This is true for the worst case of fill concrete replacing rock and 

for the case of no fill concrete replacing rock.  

The closure of the clay seam due to vertical forces is overcome in the 

stressing of the rock anchor tendons. Vertical forces due to seismic 

and accident events are limited in duration. Since the clay seams are 

confined, the only imaginable compression that could occur would be 

due to compression of gases in the voids of the clay. This compression 

would be uniform in extent and would not produce unde.sirable strains.

i
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NRC Question 5 

Discuss the effect that containment heat load due to plant operation over 
a 4O-year period might have .on the clay seams in the foundation and any 
subsequent impact on the grouted rock anchors (e.g., cracking the grout).  

Response 

We have performed a 2-dimensional heat transfer analysis to determine the steady state temperature of the clay seam during normal plant operation.  
The results of this analysis show that the maximum temperature of a clay 
seam will be 85 0 F in the vicinity of the rock anchor tendons, which 
represents only a 300 F rise in clay temperature from natural conditions.  
Since the clay has been identified as nonexpansive in the response to 
Question 6, the only anticipated expansion will be due to the change in 
density of the water in the clay. Even if the clay were saturated, the 
vertical expansion would be minute considering the small size of the clay 
seam (about 0.1-inch thick). It should be noted that the rock and the 
clay seam in the vicinity of the rock anchor tendons are under compressive stress due to the clamping effect of the prestressed tendons. The small 
amount of expansion exhibited by the clay seam would not cause cracking of the grout as suggested by this question. Instead, the expansion of 
the clay would result in slightly higher compressive stresses in the rock 
accompanied by a slightly higher tensile stress in the tendon of negligible 
consequence.

r*



BELLEFONTE NUCLEAR PLANT UNITS 1 AND 2 
DOCKET NOS. 50-438 AND 50-439 

QUESTION 7: 
Discuss the effects that a reduction in the rock modulus of elasticity 
due to blast induced fissures will have on both the rock anchors and 
differential liner motion (see No. 3 above also).  

RESPONSE: 
The reduction of the rock modulus of elasticity due to blast induced 

fissures will be very small since the stress-strain relation for 

vertically applied loads will be affected very little by the small 

vertical cracks that are not grouted.  

Strains in the liner, concrete, and rock are of such magnitude that a 

significant change in modulus of elasticity would have to occur before 

the strains would become critical.  

The stressing of the rock anchors will increase the effective modulus of 

the rock under the tendon gallery by compressing the layers of shale 

between the layers of limestone. TVA has already committed to performing 

a lift-off test on the rock anchor tendons 7 to 14 days after initial 

stressing. This lift-off test is to assure that no stress loss has 

occurred due to the type concerns addressed in this question.



TENNESSEE VALLEY AUTHORITY 
BELLEFONTE N -CLEAR PLANT, UNITS 1 AND 2 

REQUESTS FOR ADDITIONAL INFORMATION 

DOCKET NOS. 50-438 AND 50-439 

Question No. 8 

Discuss the precautions that are being taken to assure complete grouting 
of the blast induced fissures. The specific concerns are the effects of 
any ungrouted areas, assurance that sufficient grout is placed and 
assurance that the fissure is not significantly larger than expected.  

Response to Question No. 8 

Most of the cracks observed in the excavated rock surfaces have 

been caused by blasting, and a few.are natural joint planes. However, only 

a very few of the cracks caused by blasting are open to the extent that they 

would accept cement grout. Most are incipient, short, fracture planes 

which would not accept the point of a pocket-knife blade. For those 

cracks which are open enough to be treated, several methods of :cement.  

slurry grouting may be applied. The basic intent of the grouting operation 

will be to fill the voids so that if the rock is subjected to earthquake 

motion, it will. not settle down dip thus pulling away from the overlying 

concrete. Cement slurry grout will be applied either by gravity from the 

top of the crack or by very low pressure grouting from the top or bottom 

-of the crack. Treatment of specific cracks rather than a general program 

will be used.  

I. Grout Viscosity - Cement slurry grouts shall be used with water

cement ratios as follows: 

1. Cracks with a width of one-tenth inch or less shall be 

grouted with a water-cement ratio of 2:1.  

2. Cracks in excess of.one-tenth inch in width shall be grouted 

with mixes to a maximum viscosity of 3/4:1, depending upon 

the width of the crack.



II. CrckOen t heLurf-ace OnLy - Cracks which open to' the 

surface of the rock and are not exposed in vertical cuts shall 

be grouted as follows: 

1. The surface of the crack shall be 
blown with air to remove 

loose material.  

2. Cement grout shall be poured into the crack until the fluid 

level reaches the surface through the full length of the 

crack. On sloping surfaces, the lower elevations may 

require caulking as the operation progresses.  

3. If after eight hours the grout has settled more than three 

inches below the rock surface, the crack shall be refilled.  

I. Cracks Oen to Vertical Cuts Only- Cracks open to vertical or 

steeply-sloping cuts and 
not exposed at.the surface, shall be 

grouted as follows: 

1. Adjoining the most open and lowest portion of the crack, a 

pipe of mninitraP. three-quarter inch diameter shall be installed 

with the open end against the crack. A second pipe shall be 

placed at the highest 
portion of the crack. 

These pipes shall 

be connected to vertical risers 
or extended horizontally and 

identified.  

2. The area around the pipes shall be protected with jute bags 

or other similar caulking material, and covered with cement 

mortar to the extent that the pipes and vertical risers will 

be held in position.  

3. The remainder of the crack shall be caulked or dry packed 

before grouting or concrete placement.
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4. Grout shall be pumped into the lower pipe at low pressures, 

not to exceed 5 psi, until it flows from the upper pipe.  

IV. Cracks Open to both the Surface and Vertical Cuts - Cracks open

to both the surface and vertical or steeply-sloping rock faces 

shall be treated as follows: 

1. A pipe of minimum three-quarter inch diameter shall be 

installed at the low point of the vertical crack with the 

open end against the crack. The pipe shall extend some 

distance vertically or horizontally.and be identified.  

2. The area around the pipe shall be covered with jute bags 

or other similar caulking material, .and covered with cement 

mortar so as to be held firmly in place.  

3. The remainder of the vertical crack shall be caulked or dry 

packed before grouting or concrete placement.  

4. The surface crack shall be blown with air to remove loose 

material. It may be left open, or if to be covered with 

concrete, in which case one or more vertical pipes 
shall 

be.installed, and the remainder of the surface crack caulked 

or dry packed.  

5. Grout application shall be through the lower pipe until 

grout "bleeds" out the full.length of the surface crack, 

or if covered with concrete, returns through the vertical 

risers. Gauge pressure at the lower pipe shall not exceed 

one-half pound per foot of surface elevation difference 

between the lower pipe and the surface exposure of the 

rock or overlying concrete.
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V. rate Through Drill Holes - In certain cases it may be 

more expedient to grout cracks 
through'drill holes which 

intercept the crack at various 
depths as follows: 

1. Two or more holes shall be 
drilled at an angle which 

will 

cross the crack.  

2. Pipes of minimum three-quarter inch diameter shall be set 

by mechanical packer or caulked into each hole.  

3. All surface exposures of the crack shall be caulked 
or dry 

packed and may be covered 
with concrete.  

4. Grout shall be applied to 
one pipe under pressure 

not to 

exceed a maximum of 5 psi.until 
it "bleeds" from the adjoining 

hole(s). Those holes which do not "bleed" grout shall be 

treated individually at a maximum pressure of 5 psi.  

Quality assurance for the 
foundation rock is being 

established 

by frequent visits of an 
inspection team from the Knoxville office-consisting 

of a civil design engineer, 
a civil engineer rock mechanics 

specialist, and a 

geologist. In addition, the geologist assigned to the project maps the 

foundation, specifies installation 
of grout pipes and approves 

rock condi

tions before concrete is 
poured.
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