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Docket No. WM-107

Mr. William B. House

Corporate Director of Licensing
Chem-Nuclear Systems, Inc.

140 Stoneridge Drive

Columbia, South Carolina 210

Dear Mr. House:

SUBJECT: REQUEST FOR ADDITIONAL INFORMATION NO 1. (RAI-1) ON THE TOPICAL
REPORT ENTITLED, "MULTI-USE CONTAINER HIGH INTEGRITY CONTAINER,"
CHEM-NUCLEAR SYSTEMS, INC., DATED JULY 23, 1992 (DOCKET WM-107)

We have completed the review of the remaining sections of your topical report
on the "Multi-Use Container High Integrity Container," dated July 23, 1992,
that was submitted by a letter dated July 22, 1992. Based on that review, we
have identified several questions or areas where additional information or
clarification is required. This is a supplement to the request for
information, dated July 27, 1993, that contained Items 1 through 37. The
areas addressed herein are the remainder of Section 3 and Sections 4 through
7. Each of the numbered gues*ions, inquiries, or needed clarifications
identifies the page and section, table, or figure from which the item was
generated and begins with Item 38.

Your responses to the RAI-1, sent on July 27, 1993, has been received and is
being reviewed. In addition, replacement pages for Attachment V to that
November 30, 1993, response, were received. Those replacement pages were
dated December 10, 1993,

1f, as you review this request, there are questions, please feel free to
contact the Project Manager, Mr. Robert Shewmaker, for assistance. In
addition, 1t may be advantageous to have a meeting after you have completed
your initial review of the request for information. We will be available to
meet with you at a mutually agreeable date and time to discuss @ny gquestions
you might have pertaining to our request.
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If there are any questions, please contact me on (301) 504-3450 or Robert
Shewmaker on (30]1) 504-2596.

Sincerely,

John O. Thoma, Section Leader

Technical and Special Issues Section

Low-Level Waste Management Branch

Division of Low-Level Waste Management
and Decommissioning

Office of Nuclear Material Safety

Sincerely,

Enclosure: As stated

DISTRIBUTION: Central File: WMIO7 LLWM r/f JSurmeier  NMSS r/f  JKennedy
Mark Small lunag Concurrence Block to Define Distributi referent
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REQUEST FOR ADDITIONAL INFORMATION
JANUARY 6, 1994

On p. 3-1 it is stated that the MUCs are to be made with three
different dimensional variations to accommodate a range of
disposal conditions. Table 3.1-1 and Table 3.3-1 also indicate
the three variations. One of these conditions is for direct
trench burial where the MUC would be in direct soil contact and
the burial depth could be as deep as 55 feet. On p. 2-8 in
listing the operational limits it is stated that, "Disposal depth
in a shallow land burial facility is a maximum of 25 feet."
Please resolve this apparent conflict within the document.

In Section 3.4 on p. 3-5 there is a discussion concerning the
design basis of the MUCs. It is stated that only one loading
combination from ACI 349-85 is applicable and that is combination
No. 1. Other loading combinations or derivatives of loading
combinations should also be considered since they address expected
conditions that may be imposed on the MUCs. These may not
necessarily control the design of the MUCs, but they should be
identified as having been addressed by the design. For examie, a
derived loading combination from ACI 349 combination No. | that
should be part of the design bases would be:

U=1.4D+ 1.7L

This should be used to consider the cases where the MUC is not
under lateral external burial loads, but is subjected to the
internal loads when the MUC is at rest as well as during handling
with either a forklift from the bottom or an overhead crane
utilizing the four anchors for the suspension apparatus.

Other examples of combinations that should be considered would be
combinations Nos. 3, 4 and 5. These could be defined as follows:

U=1.4D+ 1.7L + 1.7W
U=1.00+1.0L+1.0E
U=1.00+ 1.0L + 1.0M,
Provide justification for the omission of combinations that

address normal handling load, wind, tornado loads, and seismic
Toads for the MUCs that may experience these environments.

Enclosure
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On p. 3-5 it is stated that the material specifications and
properties are provided in Appendix 5. That appendix is entitled,
“FRC Durability Assessment." Is this reference correct, or should
the reference be to Appendix 3, "FRC Constituents" ?

In Section 3.2 on p. 3-3, one of the basic assumptions for the
design of the MUCs is stated as, "Only the fiber reinforced
concrete provides the structural strength to the MUCs.” In
Section 3.6.1, addressing the design strength of sections, it is
stated that the recommendations and guidelines of ACI 544.1R-82
and ACI 544 4R-88 were used. The following is a quotation from
ACI 544 4R-88, Chapter 1, Introduction.

"Generally, for structural applications, steel fibers should be
used in a role supplementary to reinforcing bars. Steel fibers
can reliably inhibit cracking and improve resistance to material
deterioration as a result of fatigue, impact, and shrinkage, or
thermal stresses. A conservative but justifiable approach in
structural members where flexural or tensile loads occur, such as
in beams, columns, or elevated slabs (i.e., roofs, floors or slabs
not on grade), is that reinforcing bar must be used to support the
total tensile load. This is because the variability of the fiber
distribution may be such that low fiber content in critical areas
could lead to unacceptable reduction in strength.

In applications where the presence of continuous reinforcement is
not essential to the safety and integrity of the structure, e.g.,
floors on grade, pavements, overlays, and shotcrete linings; the
improvements in flexural strength, impact resistince, and fatigue
performance associated with the fibers can be used to reduce
section thickness, improve gperformance, or both."

AC] 544 1R-88 cites some limited examples of instances where the
primary loads were fully resisted by the steel fibers. In those
cases, the recommendation is that the reliability of such a member
should be demonstrated by full-scale load tests, even when the
fabrication process is under rigid quality control processes.

It should also be noted that the cited applications have been for
structures with a normal life span in the 40 to 60 year range.

Please provide a discussion regarding the design philosophy for
the MUC in comparison with that of the cited ACI 544.4R document.
Also provide a discussion of other known applications or projects
where there was full reliance on the strength of the fiber-
reinforced concrete without conventional reinforcing steel. The
design life for these applications should also be discussed.

On p. 3-5 under Section 3.5, Material Specifications, it is stated
that a summary of the key mechanical properties follows. Upen
examination of the listing for the fiber-reinforced concrete it is
noted that the first-crack strength and tensile creep testing are
net mentioned. In addition, the flexural strength of the concrete
matrix without the steel fiber reinforcing should be determined.
As pointed out in both ACI 544 .1R and ACI 544.4R, the shape of the
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curve representing load vs. flexural stress or load vs.
deflection is important to understand the behavior of the material
as well as to understand the impact of variations in the fiber
reinforced concrete mixture. Since the intent of the design is to
produce structural elements (HICs) with the capability to carry
load and thus remain stable for a long period of time (for
hundreds of years), the tensile creep characteristics of the
material that can be influenced by the long-term performance of
the bond between the steel fibers and the concrete matrix is
important.

Indicate how these issues are addressed in this design concept.

In Section 3.6.1 on p. 3-7, in the discussion of the design
strength of sections under various internal loads, there 15 a
reference to ASTM C-78 and ASTM C-1018 and the tests that were
performed. Appendix & of the topical report entitled, "FRC Test
Data," does not however, contain a reference to, or the results of
testing under these standards. Consequently, it is not possible
te be certain how the results have been used to establish design
values to be used in the design analysis. It is stated on p, 3-7
that a load-deflection curve was established as prescribed by ASTM
C-1018 and it 1s stated that the modulus of flexural strength
{modulus of rupture) was determined as prescribed by ASTM C-78.

On p. 3-8 it is stated that tests were performed and the lowest
value was noted as 1131 psi and that a conservative number for
design of 1000 psi is assumed. The 1000 psi is then noted as
being the flexural modulus at the first crack.

Based on the information provided, it is not apparent that 1000
psi represents the first-crack strength of the proposed FRC. The
first-crack strength should be determined from the load-deflection
curves established under the procedures outlined in ASTM C-1018,
not from the ASTM (-78 testing. Guidance contained in Section 5.1
of ASTM C-1018 attempts to indicate the significance and use of
the load-deflection curve established by the test. It is stated
that, "The first-crack strength characterizes the behavior of the
fiber-reinforced concrete up to the onset of cracking in the
matrix, while the toughness indices characterize the toughness
thereafter up to specified end-point deflections.... The
importance of each depends on the nature of the proposed
application and the level of serviceability required in terms of
cracking and deflection.”

Several issues related to these topics need to be addressed.

a. The formula developed for the design flexural strength of
the FRC material that is presented on p. 3-8 utilizes the
term "R" that is defined as the flexural modulus at the
first crack. It appears that a design procedure would
consider the MUC under this state of stress. A guestion
remains as to whether the value of "R" is 1000 psi, or

B
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not. Please provide representative test data in the form
of the load-deflection curves under ASTM C-1018 and the
evaluation of this data to establish the first cracking
strength.

b. Data shouid also be made available for ASTM (-78 testing
on the concrete without the fiber reinforcement so that
the impact of the fiber reinforcing can be understood.
Please provide relevant data on this material property.

€. Another issue that appears to need to be examined is the
consideration of what loading conditions or combinations
should be used in conjunction with the first cracking
strength. It would appear that this issue could be
approached by considering load combinations for service
conditions as a working stress approach. In order to
approach this issue there is a need to clearly define what
is being proposed as being an acceptable design with
respect to cracking as computed from actual loads. Please
define loading conditions with respect to first-cracking
strength. Also consider defining loading conditions for
use in a service load approach with working stresses.

d. For the design analysis for stress conditions beyond the
first-cracking strength; has the effect of cracking been
considered?

e. No discussion or limits appear to be contained in the
topical report relative to the permitted deformations
under the loading combinations. Please address the issue
of permitted deformations.

The shear strength design concept presented on p. 3-9 is
related to the use of an equation that is noted in the

topical report as defining the shear strength of unreinforced
concrete. The value utilized in the formula, namely 5000 psi,
represents a value used in the analysis whereas the specified
target strength is 7250 psi. Since the material is reinforced
with the steel fiber, the use of a compressive strength for the
FRC material should perhaps not be used. ACI 544 4R, which was
cited as a guidance document for the topical report, states the
following with respect to shear in beams (the faces of the MUC may
be considered as a series of beam strips).

"It is evident from a number of tests that stirrup and fiber
reinforcement can be used effectively in combination. However,
although the increase in shear capacity has been quantified in
several investigations, it has not yet been used in practical
applications.”
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Please provide data on the compressive strength of the concrete
matrix without the FRC reinforcing and discuss the issue of the
appropriate value for the design shear based on f. without fiber
reinforcing.

On p. 3-8 where the formula for the flexural moment capacity of a
section is developed in terms of the depth of the section, the
numerical value of 7.75 inches is not needed and should be deleted
from the listed parameters.

On p. 3-10 in discussing the loading conditions for the MUC for
disposal it is indicated that, "The MUCs may be disposed-off (sic)
either in an above-grade engineered facility or buried..."

The intent was apparently to use the words, "disposed of," so the
text needs to be corrected. In addition, it appears that Chem-
Nuclear has a specific above-grade engineered facility defined in
addressing the detailed design conditions which would exist for
the MUCs. Apparently the vertical space on the interior of such a
vault is limited to 30 feet; the vault has a 3 foot thick roof
slab with 10 feet of soil cover on top of the roof. There are
also apparently no other potential loads that have been
envisioned. In order to meet the requirements of 10 CFR 61.52(a),
the near-surface disposal facility must have waste emplaced in a
manner that minimizes the void spaces between waste packages and
permits the void spaces to be filled. For a disposal facility
other than near-surface, the operation and closure requirements
have not been defined in regulations, but 10 CFR 61.52(b) has been
reserved for those provisions if regulations are developed.

It appears that it would be expected that an above-grade
engineered facility would also need to be operated and closed in a
manner that minimizes the void spaces between packages and permits
the void spaces to be filled. Consequently, there would be
lateral pressures exerted on the MUC units during the static
condition. During a seismic event there will be additional
lateral loads that should be addressed (See RAI-39).

Please consider the issue of the lateral loading of the MUC units,
both as single units resting on their base, as well as stacked in
the various configurations that can be permitted in the engineered
facility. Provide additional discussion and information on the
design capability of the MUCs to remain stable under such loading
conditions. These loads may not control the design, but each
should be addressed.

Section 3.6.4 beginning on p. 3-14 presents information on the
calculations for the 68-inch MUC. The various figures associated
with the calculations do not contain an identification of the
coordinate axes ( Figures 3.6-3 through 3.6-7), yet Figures 3.6-6
and 3.€ 7 are representing stresses in the x and the y-directions.
In the text various internal forces or stresses are discusced, but
the direction and sign conventions are not defined. For example,

-8 -
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it is stated that the maximum bending moment is at the edge and is
2,239 in-1b/in, but it is not defined whether it is an Mx, My or
Mz moment (at a vertical corner or the side to bottom edge). 1In
Figure 3.6-4 through Figure 3.6-7 there are numerous marginal
entries associated with the figures that are undefined. Please
provide clarification on the coordinate axes identification, the
sign conventions and the identification of marginal entries.

Figure 3.6-8 presents a curve of the moment distribution across a
centerline of the MUC wall, but the direction of the moments are
not defined. This figure also seems to indicate that the plot
would represent a structure with a dimension of 2 times
approximately 2B.5 inches (defined by the end of the curve at the
wall centerline), or 57 inches, not 68 inches, or is the
analytical model representing a middle-depth surface? Please
provide additional clarification on these items.

Several items of clarification related to the analysis described
in Sections 3.6.3 and 3.6.4, beginning on p. 3-12, need to be
provided.

a. Reference 9 relative to the ANSYS finite element computer
software and the related technical formulations are not
available in our:current library. Please provide the
technical basis for the element described as STIF63 and
STIF45.

b. Figure 3.6-4 illustrates the boundary conditions utilized
on the symmetric one-quarter of the MUC, but no
explanation of the symbols used in the figure are
provided. Please provide this information.

€. On p. 3-20 the reference to Table 26 of Reference 13 is
apparently in error. Should this be Reference 147 Please
clarify.

d. Within these sections there is no specific information on
the loading input on the finite element model. All input
data for the 68-inch MUC should be provided and its use
described.

On p. 3-21 in addressing the membrane (uniform) tensile stresses
it is stated that the ACI code, meaning ACI 349, does not have any
requirements for that state of stress. This is literally correct
in that no limits are provided for membrane tensile stress, but it
is clear from the Code, that is for application to conventionally
reinforced concrete, no membrane tension is permitted. Even the
theory of reinforced concrete design for flexure neglects any
contribution from the concrete.
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As stated in Section 10.2.5 of ACI 349, "Tensile strength of
concrete shall be neglected in flexural calculations of reinforced
concrete, except when meeting the requirements of Section 18.4."
It follows that membrane tension is not permissible since there is
no permitted stress or ultimate load cagability defined. Where
direct tension occurs, reinforcing steel must resist the load such
asm;s provided for in Section 12.15.5 addressing tension tie
members .

Please clarify the discussion related to Code requirements for
membrane tension not being in existence.

On p. 3-21 the specifics of a calculation to determine the stress
levels for combined flexural and axial loads are provided. The
membrane tension was determined by a simple hand calculation.
While this is an acceptable calculation, it is a value that would
normally also be output data from the finite element analysis once
3 decision was made to develop and analyze such a model. Please
explain why the values of the membrane tension were not also
available from the analysis of the finite element model. In
addition, the discussion of the results of the analysis for
internal pressure (reduced external pressure) either from the
finite element analysis or some other method, does not address the
resulting shear stresses, nor the implications of combined shear,
moment and membrane tension. Consider the wall section shown
below and indicate how the analysis has considered these internal
stresses, and what are the predicted values?

eTmic

\

VERTICAL N
SECTION AT SIDE WALL-BASE INTERSECTION

On p. 3-22 the combined value of the membrane tension stress and
flexural tension stress with the appropriate load factor and
strength reduction factor is compared to the flexural strength of
the material which has been taken as 1000 psi. As discussed in
RAI1 43, the test data cited apparently showed an average modulus
of rupture of greater than the lowest reported value of 1131 psi,
but the first cracking strength was not determined. I[f the first
cracking strength is exceeded anywhere in the MUC analysis, how is
the change in the section properties reflected in the analysis?
Such cracking will change the stiffness of the MUC, its

o T =
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deformations and crack widths and depths. Please address this
issue.

With respect to the model used for the finite element analysis
(Figure 3.6-4), as well as the cases of boundary conditions used
for the theory of elasticity closed form solutions for bounding
values (p. 3-20;, it does not appear that the correct condition
for the top of the MUC was properly represented. The top of a MUC
is cast after the other five sides of the basic cubic structure.
Therefore, there will be no other mechanism to transfer stresses
across the joint interface other than bearing, bond, or friction.
For example, how would membrane tension in the top of the MUC be
carried across the interface? It does not appear that the
analytical approaches have addressed this condition. Using
Reference 14, boundary condition cases other than Case la and

Case 8a would appear to also be appropriate for consideration.
Because of the condition at the junction of the top of the MUC and
the top edge of the four sidewalls, Cases 2a, 9a and 10a, appear
to be conditions that should also be considered in bounding
calculations for maximum flexural moment. These cases consider a
plate simply supported on three sides and free on one side, a
plate fixed on three sides and simply supported on one side, and a
plate fixed on three sides and free on one side. The maximum
moments generated from these boundary conditions for the 11.2 psi
internal pressure are 4730 in-1b/in, 2420 in-1b/in, and 3610 in-
Tb/in respectively. These are all greater than the 2239 in-1b/in
used in the sample calculation.

Please provide additional information regarding the analysis of
the behavior of the sidewalls at the top of the MUC in view of the
configuration of the top to sidewall interface.

On p. 3-22 under the discussion of external pressure loads, it is
stated that the walls of the MUC respond as flat plates with the
edge conditions being similar to fixed-edge boundary conditions.
As was noted in RAI-53, because of the discontinuity at the
sidewall to the top joint of the MUC, the assumed conditions do
not truly represent the actual conditions in 4a conservative
manner. It should be noted that the finite element model in
Figure 3.6-4 assumes that there is material continuity at the
intersection of the sidewall and the top of the MUC. It is also
indicated on p. 3-22 that the external pressure of 5.3 psi was
identified as BTP Item 4j. instead of item 4i. Please amend the
statements on p. 3-22 based on the response to RAI-53.

On p. 3-22 in the discussion regarding the maximum payload, there
is reference to Table 3.3-1 which addresses the Minimum Margin of
Safety. Should the reference be to Table 3.1-1?

On p. 3-23, the results of the finite element analysis for the
base of the MUC, including the forklift notch, are discussed. The
model that was analyzed is presented in Figure 3.6-3, but the

-8 -
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boundary conditions used for the detailed breakout analysis of the
base are not provided. Please provide a description or
identification of the boundary conditions assumed in the analysis and
provide an explanation of any symbols used (See RAI- 49b.).

On p. 3-26 the results of the analysis for sling handling are
discussed. The wodel that was apparently analyzed is presented in
Figure 3.6-3, but the boundary conditions used for the detailed
breakout analysis of the base are not included. Please provide a
description or identification of the boundary conditions assumed
in the analysis and provide an explanation of any symbols used
(See RAI-56).

On p. 3-26 a calculation is made to check the shear load
capability of the base of a loaded MUC. The payload is listed as
1100 Tbs. instead of 11,100 ibs.; however the resulting answer is
correct. Please correct this typographical error.

On p. 3-29 and in Appendix 2 the prototype testing program is
described. Section 2.0 of Appendix 2 states that the nominal
bottom thickness of the test model was 6 inches and the top 1id
was 4 inches. This was a model of the 68 inch MUC intended for
vault disposal which on Drawing Number C-110-D-12416-001, Rev.0,
that has values of 8 inches and 5.5 inches respectively. Please
clarify.

On p. 3-29 there is a discussion regarding the worst orientation
of a MUC for the free drop test on the flat, essentially
unyielding horizontal surface and reference is made to Figure
3.6-15. Equations are developed for the potential energy
associated with a free drop of equal heights for the three
orientations. While the relative value of the resuiting energy
calculations would not change the order of the highest potential
energy, the equations do not appear to De consistent with the
figure. For a three foot free fall the distance t'- center of
gravity would fall would be as follows:

Flat face 3 + 0.5L
Edge 3 +0.707L
Corner 3 4+ 0.867

The figure illustrates the center of gravity for the flat face
orientation to be at 4 feet above the surface. Please clarify the
information in the text and on the figure.

The data provided in Appendix 2 presenting the prototype testing
program results include sheets addressing the data and quality of
the FRC shell of the MUC. These are all presented in French as
the control documents for the units by serial number. Please

-9 -
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provide that same data translated into English. This data could also be
provided on a form that will be used for the units to be manufactured in
the U.S.

Within Appendix 2, the three page text summary of the free drop
tests appears to contain a typographical error in the serial
number of the Test #1 polyethylene container that is listed as
C-469662-K, whereas the data sheet for that polyethylene container
shows the number to be C469262-K. Please clarify this
discrepancy.

The three page summary of the free drop tests included with-in
Appendix 2 also describes the observations of damage after each of
the tests. For Test #2, the test judged to be acceptable, it is
indicated that "cracking up to 1-1/4 inches one side with cracking
up to 1/4 inch on the adjacent side," was observed. It is assumed
that this is a description of the width of the cracks observed and
that the cracks were through-wall cracks. Please verify this
assumption.

Appendix 2 contains a series of ten (10) photographs related to
the prototype testing program. Only two of the photographs allow
for the positive identification of which test or test specimen is
addressed in each photograph. This is only possible from the text
summary and the mention of Serial Nos. of the components that can
be seen in those two photographs. Please provide for the
identification of the information presented in the photographs.

Appendix 2 contains the Engineering Test Instructions for the
Prototype Testing of CNSI's MUC HIC, ETI-92-008, Rev. 1, dated
6/11/92, and Engineering Test Instruction for Free Drop Testing
CNST’s MUC HIC, ETI-92-012, dated 6/12/92. ET1-92-008 in Section
5.2 states that CNEI intends to drop the MUC HIC from a height of
3 feet and ETI-92-012 in Section 6.3.3 states that the container
shall be dropped from a height of 0.9 meters, which is
approximately 3 feet. It is noted that drop test #3 became an
extra test based on CNSI's conclusion that drop test #2 had met
the test acceptance criteria. The actual test data indicate that
the test was performed by a drop from 1.2 meters, or approximately
4 feet. The three page summary of the testing that was completed
that is included in Appendix 2 indicates that a decision was made
to do an additional test on the remaining container that
represented the 8mm wire reinforcing and to drop from 4 feet
instead of 3 feet. Please provide a discussion regarding any
conclusions that were made from this test that add to the data
from drop test #2.

On p. 3-35 the sample calculations for the MUC(68") address the
loacings for the direct burial disposal method. The finite
element model and the assumed boundary conditions are appaiently
the same as those used for the wall pressure loadings. The
gquestions related to that model and the boundary conditions as

- 10 -



67.

68.

69.

70.

1.

> T |

well as the cases reviewed for classical theory of elasticity
closed form solutions for uniformly loaded flat plates presented
in RAI-53 should also be addressed for this loading condition.

Technical Note, 1000.NT.001 of Appendix 4, describes the
manufacture and storage of FRC test specimens. In Section 3.2 of
that document it is stated that after 24 hours in an air
conditioned room after casting, the test specimens are placed in a
temperature controlled underwater environment unless the specimen
is to be used for shrinkage or mass loss testing. Are the test
specimens maintained in this curing environment until testing is
done which might be at different times, or is this storage
environment only maintained for a specific length of time such as
7 days or 14 days?

Test Report, 1000.RE.001 of Appendix 4, provides the test results
of compression tests on the FRC material for the characterization
or development tests and the average of 190 tests noted as
industrial results. What is the minimum number of tests that
would be required for characterization for the startup of a new
production facility with new material sources? How many tests
were run during the development of the basic FRC material, shown
with a 28-day strength of 57 MPa, once the material sources were
established for the Sogefibre plant in Valognes, France? If there
are data available on compressive strengths determined from cores
taken from production containers that have been correlated with
production cast cylinders, please provide a summary of that
information. What are the statistics on the 190 tests, including
the range of values, standard deviation and coefficient of
variation?

Test Report, 1000.RE.002 of Appendix 4, provides the test results
of splitting tension tests on the FRC material for the
characterization or development tests and the average of 190 tests
noted as industrial results. Provide information for the split
tension tests similar to that requested for compression tests
(RA1-68).

Test Report, 1000.RE.003 of Appendix 4, provides the test results
of shrinkage tests on prismatic bars of the FRC material for the
characterization or development tests and the average of 192 tests
noted as industrial results. Provide information for the
saxinkage tests similar to that requested for compression tests
(RAI-68) .,

Test Report, 1000.RE.004 of Appendix 4, states that the test
specimens o not begin to undergo the mass loss testing unti)
after a temperature controiled 28-day cure underwater. The
referenced French standard NFP 15-433, that describes the weight
change measurements that are made during the contraction and
expansion tests, indicates the time for the tests are at 3, 7 and
28 days after preparation of the specinens. 1Is the intent to test
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at the age of 31, 35 and 56 days or at 3, 7 and 28 days after
molding? For use in France, has ANDRA defined a upper limit of
mass 1oss? The Test Report indicates the average mass loss value
based on 192 industrial test results. Provide information for the
mass loss tests similar to that requested for compression tests
(RAI-68).

Test Report, 1000.RE.006 of Appendix 4, indicates that the flow
tests reported were the results of tests on an FRC formulation
that was different than that used in the production of the units
in France, Indicate what those differences were and the reason
for the differences. Also explain the apparent changes that were
made in the mix, based on the formulation at the time of the
characterization test when compared to the results of 199 tests
based on industrial results.

Test Report, 1000.RE.008 of Appendix 4, states that ANDRA has no
requirements on water permeability for the containers yet there is
a reference to an ANDRA test specification. Please provide an
English transiation to ANDRA Test Specification 322 ET 09-02

ind 0, unless the summary of the content of the specification that
is included in the test report includes all relevant parts of the
specification. Explain how the container is treated in a
performance assessment type analysis as a barrier to the inward
flow of water or moisture and the outward migration of
radionuclides considering the permeatility values. Since no
values for industrial test results are provided, it is assumed
that there are no tests for water permeability conducted on the
production containers. Please verify this assuwption. How many
tests were performed during the characterization ohase that were
used to derive the value listed in Section 4 and what was the
range of test results?

Test Report, 1000.RE.009 of Appendix 4, states that ANDRA has
specified diffusion coefficients for tritium and cesium in

STE 119-581-5 and that ANDRA Test Specification 330 ET 09-07

ind B, defines the test requirements. Please provide an English
transiation to ANDRA Test Specification 330 ET 09-07 ind B, unless
the summary of the content of the specification that is included
in the test report includes all relevant parts of the
specification. It is indicated that the tests reported on were
performed on specimens created from cored samples, but it is not
clear whether the parent concrete was a cast test cylinder or
prism, or whether the cored samples were taken from production
containers. Please clarify the origin of the cores. It is noted
in the Test Report that the length of time for the diffusion
testing is limited to 1 year. Is this intended to be a maximum as
stated, or is the minimum time for the test a year? Indicate at
what time intervals test data were obtained to produce the
reperted results, the total length of time over which data were
collected and the number of samples used.
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76.

¥ .

78.

19,

80.

81.

Test Report, 1000.RE.010 of Appendix &, presents test results
obtained during characterization testing. Indicate the number of
samples subjected to the nitrogen permeability testing. It was
noted in the test results that there was a leak at the
resin/sample housing interface. Was this a defined leak from the
outset of the test or did the leak occur above some threshold
pressure?

Test Report, 1000.RE.017 of Appendix 4, addresses the drop test of
a container onto a hard, unyielding surface located 1.2 m below
the container. Indicate whether or not the test specimen
contained any conventional carbon steel reinforcing in the form of
bar or wire fabric. How many specimens have been tested?

Test Report, 1000.RE.018 of Appendix 4, addresses a water
tightness test that was performed on a FRC container. It is not
clear from the information presented exactly how the test was
performed other than filling up the container and making a visual
survey for leakage over a seven day period. Please clarify the
test procedure. Are such tests run on production samples at some
prescribed frequency and if so what is that minimum frequency?

Technical Note, 1000.NT.004 of Appendix 4, in Section 3 shows the
Industrial Formula for the FRC and refers to Reference 2.5, which
is Specification 1000.SP.001. There is a discrepancy in the
amount of the siliceous sand filler (SC 200) listed in these two
documents. The specification shows 60 kg +/- 5% whereas the
technical note shows 20 kg +/- 5%. Please clarify this item.

Specification, 1000.SP.005 of Appendix 3, indicates the cement is
acceptable if it has a compressive strength of at least 35 MPa at
28 days when tested in accordance with NF EN 196-1. Will a cement
Just meeting this strength produce an FRC that will have a minimum
compressive strength of 50 MPa at 28 days which is the minimum
strength value for the container? What testing has demonstrated
this?

Specification, 1000.SP.00F of Appendix 3, indicates in Section 2.2
that the number of fibers per kg can vary by +/- 25%. Were the
material properties of the fiber-reinforced concrete, such as the
flexural strength and splitting tensile strength, determined, with
a condition of 75,000 fibers per kg, by test to meet the minimum
strengths that are specified? If this was not established by
tests, provide the basis for this range of variance in the number
of steel fibers.

Specification, 1000.SP.006 of Appendix 3, lists two tests that
were performed on the metal fibers to evaluate corrosion
resistance. No information is provided on the pH of the test
solutions which can be a critical parameter in assessing the long-
term performance of the metallic fibers inside the concrete.
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83.

84.

85.

86.

Provide any available information on this issue and discuss the
impact of pH reductions on the test results.

Specification, 1000.5P.006 of Appendix 3, indicates that the
average tensile strength of the metallic fibers, based on more
than 10 fibers, should equal or exceed 1400 MPa. Based on the
available information relative to the description of the failure
surfaces from tests for split tension test and flexural tension
tests, it is not possible to judge the criticality of the fiber
tensile strength. That is to say that it is not evident from the
information submitted whether the failures are a result of bond
failure of the cementitious matrix to the fiber, or whether the
failures are a result of tensile failure of the fibers. Based on
the information provided, the computed bond stress between a fiber
and the concrete matrix would have to approach 200 psi to force a
fiber failure, therefore it is expected that the tensile failure
surfaces would not indicate many fractured fibers, but rather
protruding fibers that pulled out of one side or the other because
of bond failure. This conclusion is based on the belief that the
bond failure stress is less than 200 psi. The mode of failure can
influence the frequency of the tests that should be performed on
the fibers. Please provide additional information on this
subject.

In Appendix 2, discussing the prototype testing program, it is
noted in Section 2.0 that the prototype test containers had a
bottom thickness of 6 inches. It was also noted that the
containers were production containers and the other dimensions
matched those of the 68 inch model except for the bottom
thickness. Drawing No. C-110-D-12416-001, Rev.l, dated 7/22/92,
Table I, 1ists the bottom thickness as 8 inches for the 68 inch
model. Please clarify this difference.

Contained in Appendix 2 is a memo by S. Pearson addressing the
free drop tests conducted at the Cogema Test Facility and it is
stated that for Test Number 1 the serial number of the
polyethylene container was (-469662-K. The data sheet form from
ETI-92-008, however, list the number as C-469262-K. Since the
other two tests indicate numbers of (-469662-) and C-469662-E, it
appears that the data sheet created by the Quality Assurance
Section is in error. Please clarify.

Several of the data sheets contained in Appendix 2 are in French
and need to have an accompanying translation sheet provided.
These are sheets from SABLA of Valognes, France, addressing the
final acceptance of the prototype unit for testing.

In Sections 5.3.2 and 5.3.3 of the report there are discussions
of permitted crack widths and it is stated that it is permissible
to dispose of MUC-HICs with crack widths of up to 0.004 inches.
What would be a expected depth of such a crack and how does such a
crack relate to the durability a container? How would such
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88.

89.

90.

91.

92.

cracks impact the assumptions regarding concrete cover over the
conventional reinforcing steel? Please provide additional
information on this topic.

Table 5.3-2 on p. 5-6 refers to References #14 and #15 which seem
to be incorrect. Should the references be #23 and #247 Please
clarify.

On page 6-1 of Section 6.0 of the report the last sentence appears
to need editing. Please clarify the sentence.

On p. 7-1 of Section 7.0, the indication is that the CNSI quality
assurance program, QA-AD-001, will control sealing of the
containers. Does this mean that the intent is that these
containers will only be used at disposal sites where CNSI is the
operator of the disposal facility?

Table 4.2-4, p. 4-5, lists the environmental exposure limits of
the FRC container to be a pH of 4 through 13. In Specification
1000.5P.006 of Appendix 4, it is stated that the metallic fibers
were tested for corrosion resistance in ferric chloride according
to ASTM G48-76-A. It is noted that the test was run for 24 hours,
whereas the test standard states that a reasonable test period is
72 hours. The test standard also indicates a visual examination
and a photographic reproduction of the specimen surfaces, along
with the specimen weight losses, are often sufficient to
characterize the pitting resistance. An examination of the planar
surfaces for pits under low-power magnification (20X) is provided
for in the standard. A more detailed examination would include
the measurement of maximum pit depth, average pit depth and pit
density. The reproductions of the photographs contained in
Technical Note 100.NT.002 of Appendix 5 are not legible. Please
provide at least one good copy of each. The standard also
outlines what should be contained in the test report. The results
of the test were not described or presented in the topical report.
Please provide additional details on the tests conducted and the
results. Also compare the ranges of pH tested to the range
anticipated range of use for the containers of 4 to 13. |

Table 4.2-1, p. 4-1, lists three categories of chemicals that are
not allowed in the waste stream because of the operational Timits
necessary to protect the integrity of the polyethylene inner
Tiner. What screening tests or technigues are to be used by the
waste generators and users of the containers to verify the absence
of those compounds?

On p. 4-3, it is stated that after a container reaches a disposal
facility, the concrete 1id is placed that seals the container.
Please expand the description to reflect the fact that the void
space between the inside of the FRC element and the ortside of the
polyethylene element is also grouted before disposal.

- 15 -



93,

Table 4.2-4 on p. 4-5 indicates that concretes can withstand a pH
down to 4 with the reference given to ACI 515.1R-79, "Guide to the
Use of Waterproofing, Dampproofin?. Protective and Decorative
Barrier Systems for Concrete." Please provide the specific
reference by section and page number of the source of the
statement made in Table 4.2-4. There is a reference to a pH of 4
in Section 3.4.5.1.3 of ACI 515.1R-79, however, Chapter 3 of the
guide is devoted to concrete conditioning and surface preparation
prior to the placement of a barrier material on the concrete. In
that context, the pH of 4 is referred to as the permissible
surface contamination left after acid etching of the concrete
surface and flushing of the surface. It is not a limit of
tolerable pH for long-term contact with concrete.

ACI 201.2R, cited as Reference #18, states the following in
Section 2.3, Acid Attack. "In general, portland cement does not
have good resistance to acid attack, although weak acids can be
tolerated.... No portland cement concrete, regardless of its
composition, will long withstand water of high acid concentration.
In such cases, an appropriate surface coating or treatment must be
used. The AC]I Committee 515 Report gives recommendations for
barrier coatings to protect concrete from various chemicals."

ACI 515.1R-79 in Table 2.5.2, Effects of Chemicals on Concrete,
Tists acid waters with a pH of 6.5 or less as resulting in a slow
disintegration of concrete. Various specific acids are also
addressed in Table 2.5.2 such as nitric acid which at a 2%
solution causes rapid disintegration of the concrete.

For the exterior environmental exposure 1imits relative to acidic
conditions to be placed on the MUC-HICs, the attack method
generally follows this scenario. When an acidic soil or
groundwater is included in the external environment, the effect on
the concrete is influenced by several parameters. These include
the pH, total acidity, groundwater conditions, and backfill
conditions. The acid attack of concrete is an external surface
mode unless the acidic material is in solution and the concrete is
cracked or otherwise not highly impermeable. In that case, the
attack can be internal to the concrete mass itself, but progresses
from the surface of the cracks or the pores or other interstitial
volumes. In this type attack, the contacting acid is neutralized
by the alkalinity of the concrete, and if there is no
replenishment of the acid, any further reaction stops. Continuous
replenishment of the acid will perpetuate the reaction with the
consequences of the acid attack being controlled by the amount of
the acidic and basic ingredients available to react and the
availability of a transport method which will usually be moisture.
Of course, the acid attack may destroy necessary characteristics
of the concrete prior to being neutralized, even in cases where
there is a sufficient mass of alkalinity to completely neutralize
the total acidity.
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Please review the following reference, one aspect of which is
summarized here relative to actual observed performance of buried
concrete. A copy of the reference is enclosed for your
information (American Concrete Institute, SP-100, “Concrete
Durability," 1987, Paper SP 100-28, "Durability Considerations-
Precast Concrete Pipe," M. Bealey).

Based on a ten-year study by the Ohio Department of Transportation
on the performance of more than 500 concrete pipe culverts in all
areas of the state, a series of curves were developed to relate
the slope of the culvert, the pH of the environment to the number
of years for the concrete to reach a poor condition. The slope
relates to the contact time of the aggressive solutions on the
concrete. Based on this data and the empirical results, a
concrete pipe placed on a 1-1/2% slope installed in an environment
with a pH of 7 would take about 1000 years to reach a poor
condition. If the environment presented a pH of 4, the time to
reach a poor condition in the concrete pipe reduced to about

100 years. It should be noted that th: environmental conditions
in Ohio were characterized as relatively neutral and that the
soils and groundwater would not contribute to premature
deterioration of concrete pipe.

Please re-evaluate the 1imit of pH of 4 as a minimum value for all
models of the MUC-HIC. There does not appear to be adequate
Justification for this limit.

Flease provide a copy of Reference #22, "Testing the Influences of
Steel Fibre Parameters on Toughness and Cracking of Concrete,”

J. Kasperkiewicz and A. Skarendahl, Institute of Fundamental
Technological Research, Warzowa, Swedish Cement and Concrete
Research Institute, Stockholm, 1989,

In Technical Note 1000.NT.002 of Appendix 5, in assessing the
durability of the FRC against dissolution and leaching resulting
in decalcification, the model to simulate the mechanism does not
address the cracks that are permitted as described in Section 5.3.
It would appear the conclusion that the thickness of FRC degraded
over the period of 300 years is 0.24 inches represents a very
optimistic view if cracks are to be expected, even though the
value of the thickness was increased to 0.39 inches (see RAI-86).
In using the French assessment method for durability as shown in
Section 4.5.2, a safety factor of 1.7 was applied to the computed
thickness of degradation. While the value of such a factor may be
justified, it would appear that the factor was chosen from the
load factors. This would indicate that the knowledge about the
probability of the durability projections for 300 years is the
same as that for live loads. Please provide additional discussion
to justify the omission of the consideration of cracks when
assessing durability and the adequacy of the factor of 1.7.
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In Technical Note 1000.NT.002, Section 4.1, contained in
Appendix 5, the term "during storage” is used. Is this aiso
intended to apply to "during disposal?"”

On p. 3-35 in discussing the structural adequacy of the MUC-HIC
for disposal, no information was presented on the design of the
cast-in-place container 1id since only the sidewalls of the
container are discussed in the sample calculations. Please
present information relative to the analysis and design of the
cast-in-place container 1id. Compare the computed flexural stress
at the center of the 1id and shear stresses in the 1id at the
inner edge of the MUC-HIC with the proposed allowable stresses.

Figure 3.6-17 on page 3-36, presents a representation of the
deformed shape of the MUC-HIC under direct trench disposal. It
appears that the 1id deflects upward which seems to be counter to
what would be expected since the downward loading from the soil
pressure will exceed the lateral pressure on the walis of the
MUC-HIC. Please verify that the loading condition did, in fact,
include the downward load of 55 x 120 pcf (6600 psf).
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Rike Bealey has been Vice President of Technical
Services for the Aserican Concrete Pipe Association
for seventeen years. For thirteen prier years be wag
involved with cement, concrete and concrete pipe.

INTRODUCT 1ON

Durability of a pipe material is as significant ;¢
its ability to perfoem intended structural and hydraui;,
functions. The capability of the pipe to continue tg
perform satisfactorily fer an economically acceptable
period is a fundamental engineering consideration.
Unfortunately, predictions of durability cannot be made
with the same degree of precision as can structural ang
hydraulic performance, and, in teo many instances,
durability is not accorded adeguate consideration.
Durability is concerned with life expectancy, ©r the
endurance characteristics of & material or stiucture,

In no type of facility is long term intearity more
critical than in sewer lines and culverts. Much atten-
tion has been directed to the durability of pipe, but
the vagaries of climate, soils and geoloqgy, fluid impu-
rities, construction materials, and the construction
process itself have prevented the development of a
systemat ic and practical theory for predicting perform-
ance. The preblem has been compounded by the assumed
requirement that pipe must last almost indefinitely.
The U.S. Bureau of Reclamation (1) defines & duratle
concrete pipe as one that will withstand, to a satis-
factory degree, the effects of service conditions to
which it will be subjected. This definition contains
the thtee variables that must be evaluated to obtain
satisfactory durability; the concrete pipe, the satis-
factory dearee of performance, and service conditions.

At the present time, there is no known material
compietely inert to chemical action and immune to physi-
cal detsrijoration. Concrete is no exception, but, unde!
what might be considered normal exposure conditions,
it has a very long life. Concrete pipelines have a lond
history of excellent durability, and it is unlikely thiS
record will change. Pipelines are beneath the ground
whete temperatures have very little varjaticn, where
etmurjbet e expusure 15 Cither not present or greatly
e ducedd, Aand wlere the materiale in close proximity o
tie jage ate uwiuelly nputsguressive, Labotratory test
teiedts, atd datayt teeotds for cast-in-place concrete
thot tas been expused to atmospheric condit ions, shov
not be related to burjed precast concrete pipe until 3t

is determined that comparable conditicns will '
sptoper application " 5 el
2n5 eicessjfa g of data could lead to overdesign
This paper reviews the ph sicC
factors vh?ch ray be aqqtessgv: toagozzfe::eﬁ;Cdl
their significance; the significance of pertins:t‘nd
5@1v1ce.lactuts: the sigrificance of conCrete pi
properties; and concludes with a discussion ofP -
gurability design and the performance of concrete pipe

AGGRESSIVE PACTORS AND SIGNIFICANCE

The specific physical and chemi

t ical facto vhi
gaﬂagiosg?r?zsnve to concrete pipe and which E:I:Sé:?ve-
¥ t practically all of the durabilit
le'shthat gan be encountered in traditional apbglgzgfens
of the pro uct inciude freeze-thaw and weatherin
abrasion, acids, sulfates and chlorides. Condjt?;n
f‘"f'e encugh to result in durability problems for .
Eon(ret: pipe are, however, guite rare, especially when
compared to an estimated installaticn rate of 10,000
riles per year for the last four decades. )

Freeze -Thaw/Weat her ing

Freeze-thaw damage is caused b
wat
;::gsgzgc;:;edgnterstices and [reezgng, :ﬁ.f:";:;:::?gs
: 1srupts the concrete if it 4
sufficient strendth to resist 55,  Beveris
: these stresse i
of exposure is usuvall i gorwey ot T
¥y described by the f
freeze-thaw cyciles At . o<y
et » mospheric exposure usupall
fanies freeze-thaw action, which Mie Slenas
) ‘ complicates the si -
:;::;GIT:::éS;S:tszg of a pure freeze-thaw situatf;:?‘
y evaporative surfaces with
tration effects and cr i ma o v A
_ ystalliization of i
Salts in the pore struct 06 L4 BEseiae o
ure i
uwe}:;ated weathering effecf?u}d T A0 WA
tmally, concrete pipe is not
: ete expos i
fgrlneg set of conditions. When it hf: zge:O ;z::v
mghp;;‘?::;ngg ::s been excellent, prilatily'due toe:ﬂe
€ concrete. In some ci
. rcumst
iea}?:;‘:gQQSS?::te cou;d be sericus enough to :2;::;9
;1 ce with a protective coati
‘ircumstances are not peure ¥hy bt
P cemmon, but can occur.,
‘0ﬂ::g::. low water-cement ratio concrete of prrza::gh
; Pipe inherently has excellent resistance to

Teeze~thaw forces.
Yorasion

Effluent veloci
Prop elocity, by itself, does not
lems for cencrete pipe wlthin'the tangesc;g:;:1ly
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encountered. Below velocities of 40 tgef ;fr.sgtozﬂén
the severity of velocity-abrasion effects depends i|(g
the chatacteristics of the bed load. fbovg voggcn‘l ;
cf 40 feet per second, cavxtat:on’effe(ts can ):VEk;l ug
unless the surface is smooth and internal oflse.s ?1
joints are closely controlled. Bed loads are uiuan g'
more of an enuineering flow problem ghan»a que: 1: s
pipe abrasion, particularly in a senitary or stor er
system, and can be contgolled by proper ges{ggé!ete -
Increasing the compressive strength of t e so ERRs ’

the specific hardness of the aggregates, i1ncre

abrasior resistance,

Acids

Acids will attack most matetia!s. Acid gttgck of
concrete is a surface attack, in yh;ch the agff :ithout
neutralized by the concrete a)kallnaty. s ttq o
acid replenishment, the reaction stops. an lnusideted
replenishment of acid with a pH below 5.0 gﬁ‘c?? e
aggressive and below 4.0 is highly agaressive to
Lunc';;:efzst‘acxd attack, although chemically the sane
as. an interjor attack, involves_a cumplete?y daffeﬁent
environment ., When an acidic soil or q:ounduatetk{s 3
encountetred, its effect on cuncgete 15 govetnesz}lp ¢
total acidity, groundwater conditions, and bg; i A Prom
material. Total acidity is the amount of aci .:?: .
to attack the pipe. As an eyanple, a totalvacx i z :
<5 milligrams per aram of scil equivalent with : pt'gn
five would indicate a potentially aqggessive situation,
and a comprehensive analysis of the site and 1
countermeasure should be required. Such aggress
situat jons occur very rarely naturally, aqdlate 4
generally manmade, such as sanitary land(xl s]:n‘ .
industrial waste disposal areas. In an installa l:he
with no movement or slow movement of groundwater,
acid in contact with the concrete pipe_vill be PR
neutralized and form a nevtral zone uh:gh'atops ut
corrosion. For installations with significant
groundwater flow, limestone Laqkfill has been ™
successfully used as a neutralizing barrier to preve
corrosion of the concrete pipe; and, also, an -
inpermeable backfill material, such as clay, pas pro
to be an economical and successful ha::ner‘vhnch
prevents flow from reaching the concrete plpg. —

In the pipe anterior, acid attack can occur ;(de
two spurces, The first scurce is the hydrogen su{ 1 A
(ycle which may occur in sanitary sewets. Underx plo;as
Citcumstances, sewaye can yenerate hy@rogen suifide g
which may be converted to §u11u11c acid on the &
unsubmerged crown of the pipe. GSeveral scienti Acn
breakthroughs now enable the generation of hydroge
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sulfide to be controlled

In ex1sting sewers and
predicted in new S€ewers, and, in new Sewers, 1t the

Froblem cannot be alleviatea by Pioper systew design,
then the concrete Fipe can be designed to be
sufficiently resistant to acid attack so as to meet the
required project service life (2). Acid attack

resulting from sulfuric acid generated by hydrogen

suifide gas in sewers is limited te the unsubme rged

interior crown of the pipe, and is affected by a number

of factors, including effjuent properties and velocity,

and total alkalinity of the pipe {2).

Confusion prevails regarding sultates, sulfides and
sulfuric acid. Potentially aggressive sulfates are the
s0il alkalies found in dry western areas. Sulfates must
penetrate the concrete and be concentrated by evapora-
tion to cause disruption. The use of Type Il cement is
recommended to make cast-in-place concrete more sulfate
tesistant. Sulfides in sewage do nut attack concrete.
Hydiogen sulfide aas does not attack concrete, but it
does attack iron, steel and other metals, and is toxic
and flammable. Under favorable conditions, hydrogen
sulfide gas is converted to sulfuric acié on the crown
of the sewer pipe. Sulfuric acid attacks the surface of o
concrete, iron, siteel and ot her raterials. Type 11
cement does not make concrete more resistant te acidg
attack, although it is €rronecusly specified as such by
some agencies and engineers.

The second source of interior acids is the efflu~
ent. Occasionally, an effluent can contain some acid -
in culverts, mine acid drainage could be a problem; in :
sewers, acids can be dumped in from a variety of 3
Sources. An acidic effluent will attack most pipe
materials, and the area of attack is linited to the pipe
invert, or the submerged pertion. 1In any case, in the
states, it is illegal to dump acid in a sewer or stream.
Pretreatment is required and has successfully alleviated
Corrosion problems. Acid attack by acidic effluents js
iimited to the wetted perimeter, and is affected by pH,
total acidity, effluent velocity, and total alkalinity
of the pipe.

1f acids are encountered, and cannot be alleviated
by cther countermeasures, for either interior or
exterior acids, a precast concrete pipe can be produced
with a higher total alkalinity, increased concrete
Cover, a bartier coating or lining, or any combination
of these. Additionally, for exterior €xposure only, the
backfill material can be either of low permeability, so

85 to inhibit acid replenishment, or calcarecus
f99regate, so as to neutralize the acid. Table 1 lists
€valuation procedures and possible countermeasures for
interior and exterior acids. Neither Type 11 nor Type v

Cement will increase the resistance of concrete to ¢
aCids .,
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Sulfates

lems have been almost exclusively limited to
i:;i::g s;:?-in-place concrete structures lncatedhnn“ .
arid areas of North America with alk#ll‘SO?IG.r I e U.5.
Bureau of Reclamation has wide experience in t'?-?uatin
areas, and has developed general criteria for eva g q
sulfate environments. The Bureau sgates..hoveve{. :
has not found any sulifate pgobleus ir buried pteteﬁ !
concrete pipe (1). The resistance of precast connreoi
pipe to sulfate attack is easily un@elstood :n v:::ck o
the Bureau's guidelines for preventing sulfa € a -
exposed cast-in-place cencrete, and the nechanxs: ©
sulfate attack. Besides use of Type i1 ot T¥¥et O
cement, and fly ash, the Bureau indicates sultate lnt
tance is increased by accelerated curing, high c:n@ 31
content, and low nbsorptio? -~ exactly the characteri

st concrete pipe. _ _

tics g;df;:f.maqneaiu'. and calcium sulfates 1§ sonl;
groundwater, or effluent may be aggressive go conc:e‘e,
if absorbed and concenttatgd by an evaporative ::‘ ace
in sufficient guantities within the concrete. t‘:. .
reaction of sulfates with certain concrete cons lhle s
results in expansive products ghlch may diﬁtupt : € o
concrete. With respect to buried precast concCrete Lli ¢
sulfate problems are inhibited by a lack of the pto;ﬁd
mechanism to concentrate sulfates in the concrete.ta .
further inhibited by the high strength, low abso;p 10
properties of precast concrete. Table 2 lists tte
relative severity of various snlfate soi1l and wa Eluhich
conditions. Table 3 lists the exposure con@it:ong
must be present for a sulfate problem to exist and some
recompended countermeasures.

Chlorides

The most signifi%ant suyressive action of chlerides
is corrosion of steel in rein!prced concrete. ﬂost‘ ol
problems occur as damage to bridge decks :esult:nz T
use of de-icing chemicals. Maintenance problems av:el
also been encountered with reinforced concrete sﬁuua
structures, such as pilings and piers, because ©
chloride-induced corrosion of the teinfotceneng. o
Port land cement concrete protects enbedded_atefl agail
cettosien under conditions that would be highly

chEer ane T Pade stewd.
‘ 3 (U T T Vare g tie petnivaet sng it ol
‘ 1 5 & t otts weattetierent Steel may

vt b b st d sibacd

. . 5 gt B | b
crttat puts ot the

\ v ! Faiv® awyd«
t e '--; [ presd B Curtosiun te

et g ed vt whia e peetent te ;«up;tnvl
Cuncentrat toh el tects which gencrally occur

te 48 L
T
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along with enhanced oxygen availability can produce the
Critical chloride ion concentration at the
steel-concrete interface that 1& needed to induce
corrosion. These effects will more readily occur under
the following conditions: low quality concrete of high
permeability and potosity, cracks, and the inclusion of
calcium chloride in the concrete mix.

A number of conditions can reduce the severity of
chloride attack. Increased concrete cover will normally
extend service life but will not prevent evertuwal corto-
sion under severe exposure conditiens. High quality
concrete with low permeability, and the absence of
cracks and voids, will alsc extend the life of the pipe
under severe exposure conditions but will not prevent
eventual corrosion if the mechanise of chloride build-up
continues. Under extreme exposure conditions, the use
of barrier type coatings is probably the most effective
alternative.

Seawater has approximately 20,000 parts per million
of chloride. Many concrete pipe installations are
completely immersed in seawater and are performing
satisfactorily after many years. This is primarily due
to Jow oxygen solubility in high chloride waters plus
the extremely low diffusion rate of oxygen through the
saturated concrete cover.

As with sulfates, to cause cortrosion, chlorides
must be 1n solution, petseate the concrete, be concen-
trated, and, also, have a ready supply of oxygen. There
are no reports nor evidence of any chloride induced

| corrosion problems with buried precast concrete pipe.

[ Again, this absence of problems is attributed to a lack
of the proper mechanism to concentrate chlorides in
concrete, a lack of oxygen, and the high strength, low
absorption properties of precast concrete pipe.

SERVICE FACTORS AND SIGNIFICANCE

Theie are a number of purely physical characteristics of
the installation which directly and signifticantly influ-
ence the severity of exposure to potentially aggressive

facters, including pipe wall hydrokinetics and exXposure .,

Hydrokinet ics

With water at egual pressure on both sides of a pipe
wall, the concrete becomes saturated, stability is
reached, and there is no water movement through the pipe
wall. With a differential pressure, the hydraulic
gradient causes movement of water through the wall,
along with whatever salts, alkalis, sulfates, and other
chemicals are in selution in the water. Direction of
flow is highiy significant, 1f the egaressive water

iy
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were on the cgide of low pressure, the movenment of
non-aggrescive water through the wall would tend t«
mitivate any effect. In either case, with ne exposurs
to the atmosphere, there is no concentration elffect.
With an evaporative sutface condition, water movement g
due to either hydraulic gradient or capillary sction,
and there would be a concentration at or near the
evaporative surface of whatever chemicals are an
soluticon. These considerations are not relevant to acid
environments, since acid attack is essentially confined
to the exposed surface. They are significant, however,
in evalvating severity of sulfate or chloride exposuvies.

Full Atmospheric Exposure - Full atmospheric
exposure can be a severe condition for concCrete pipe.
Depending upon climate and locaticn, the exterior of the
pipe could be subjected to freeze-thaw cycles, thermal
stresses, chlorides in coastal areas, and concentration
effects of whatever salts or sulfates are in solution in

the effluent.

Partia) Burial - Partial burial can be a severe
exposure condition. Only o partially evaporative
surface is provided, but the concentration effect is
pore complex since the source of saits or sulfates mway
be either the effluent or moisture from the ground
entering the pipe wall through capillary action and
moving toward the evaporative surface.

Pull Burial - Buried pipe usually is not exposed
to freeze-thaw or thermal stresses, and concentration
effects are negligible. When installed above the water
table, the hydraulic gradient within the pipe wall of a
partially filled pipe is toward the outside, and
ditectly opposite when below the water table. The
former condition is more critical for high snifate or
chloride-containing effluents, while the latter is wore
critical for aggressive groundwater. If the pipe is
located between the minimum and maximum groundwater
elevations, the hydraulic gradients would reverse on &
cyclical basis.

Replenishment

Certain installiation charecteristics have particus
lar sagnaticais gn reldation to acidie groundwater
erfonurt . The Fagh alkaiinity of voncrete pipe will
slecst gEpediately neuttolize acid that comes in contact
w1tk gt ankd the reaction will result in some loss of
the Ltonctete surtare. For this reaction to continue,
there must be replenisiment of the acid at the concrete
surface. The rate of this replenishment at the external
surface of the pipe depends upon the relative

Eome rete Dhradshin MY
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Peree sl ity of the taus 1l aret tetitys.

PIpe zone, the Jovatien of v b t.."‘ :":;:l"’" "'.f' .
water talile, and tou the fivetwat pen Ul tie watey ioll“
These latter charactesistics lave been Latevorized as‘.
essentially quiescent, roderately fluctvating, and
grossly cyclic. A tightly compacted clay around the
pipe ylll Create & relatively impermeable zore '
minimizang the potential rate of replenishnent.
Conversely, a permeable zone around the pipe v;ll not
nmpgde the free movement of groundwater and tends to
ma:nni;e the replenishment potential. The least
;oten@xal_ptoble. with either type of zone exists when
the pipe is above the water table. The Eituation wost
condu§ive to replenishment is a permeable zone between
the high and low water table, with qroesly cycllc.
groundwater fluctuations, where both horizontal and
vertical movement of groundwater can take place A
cglcazeocs backfill, such as limestone, can pto;ide a
hthly.alkaline barrier around the pipe and neutral ize
the acid before it can contact the pipe wall.,

SIGNIFICANCE OF CONCRETE PIPE PROPERTIES

The properties of cencrete pi
, pige that may influenc
its durability are compressive strength, den:ity. :
absorption, water-cement ratio, cement content and type
:ggt:g:ge:. and t?tal alkalinity. Reinforcement cover.e
ixtures, also, may influenc i
el gaian * y ce the dutability of

Concrete Compressive Strength

Concrete compressive strengths are a ‘
avatlable»aggxegates and cenent? mix dcsig:?nfzazre::
chagacternst:cs of certain manufacturing processes, and + .
curing ptqcedures. Higher strength usually means '
overall higher quality, i.e., greater abrasion 5
resistance, lower permeability, and greater resistance 3+
to weathering and chemical attack. Minimum concrete 5
compressive strengths of 4,000, 5,000 and 6,000 pounds
per square inch are reguired by ASTM standagds. The
strengths relate to structural, not durability,
considerations and ave attained within a shott period of ‘?‘
time. The i8-day compressive strengths are much higher 3
often exceeding 8,000 pounds per squate inch. :

Density

Concrete density of pipe ran

: ges from 135 to 165

pounds per cubic foot. The higher densities are

:chieved by creater consolidation of the concrete,
igher specific cravity agyregates, or by a combination
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of the two. Higher densities attaived exclusively
through the vre ef aggrecetes with higher specific
gravity ate not necessarily indicative cof an improved
level of concrete dnrabilaty.

Absorption

Absorptien is an indicator of the pore structure
and is considered by sme to be related to the durabili-
ty of the concrete. Absorption of the cured concrete is
influenced significantly by the absorption characteris~
tics of the aggregates and the inherent characteristics
of the manufacturing process, Hydration of the cement,
which continves upder the normally favorable installed
pipe environment , further reduces initial absorption
values.

wWater-Cement Ratio

Precast concrete pipe is produced with a low
water-cement ratio concrete. The water-cement ratio is
so low for machine-made pipe that the concrete is gaid
to have a negative slump, which means that sater would
have to be added before any slusp would occur.
Cast-in-place concrete mixes are designed with much
higher water-cement ratiocs, and placec with siumps
1énging from two inches up to the paximum limited by
cize of the aggregate, resulting in telatively low
strength concrete with excessive voide.

Cement Content

A high cement content is notmaily vsed by precast
concrete pipe manufacturers for a variety cf ressons,
but mainly because of manufacturing requirements. Other
things beinc equal, increased cewent content leads to
lower absorption, higher compreseive strength and
increased resistance to weathering, freeze-thaw, and
certain chemical environmentg. It may also increase the
probability of shrinkage cracking, which sust be
balanced against potential benefits.

Cement Type

Cement used in the manufactuvre of concrete pipe
vormally cenforns to the regquirements of ASTM C 150,
Tygpes 1, I1 and V ditfer pramarily in the allowavle
jevels of tricalcaum aluminate, CyA, content. C3A
16 the jhurscient dn cement which i€ principally
invelved in  be disruptive expansion coused by sulfate
fractions. Concrete made with lower CjA contents
prevides greater resistance to sulfate attack. Since
cements are made from locally available materials, sowe

Cunerere Duvibility . 500

Type ! cements heve less CjA than allowed by ASTR C ° ]
150 for Type V. Unless unusual stlfate resistance 18

required by the project specifications, ot unless the 1 1
type of cement is otherwise specified, concCrete pipe is ‘
vetelly manufactured with Type 1 cement. Type Il and

Type ¥ cements, and low Cj;A contents, do not increase
tecistance of concrete to acid attack.

Aggregates

Aggregates used in concrete pipe must »eet the
recuirements in ASTM € 73, except for gradation. Grada-
tien is established by :he pipe manufacturer to provide
cempatibility with & perticular manufacturing precess,
to achieve optimum concrete strength, and te control
permeability. Other things being equal, harder and
denser aggregates produce concrete with greate: abrasion
resistance. Aggregates that react with cement are
rarely, if ever, a probles with pipe. Aggregate sources
are carefully tested and selected by the individual pipe
manufacturer, and any problems would be clearly evident
in pipe stockpiles.

Alkalinity

Total alkalinity of concrete has a greater influ-
ence on the ability of concrete to resist acid environ-
pents than any other property. All portland cement
concrete is alkaline and will react with acid. Total
alkalinity is @ mneasure of the total reactivity of any
given mass of concrete. A given mass of concrete with a
tota]l alkalinity of 40 percent will react with and
neuttalize twice the volume of any specific acid as
would the came mase of copcrete with a total alkalinity
of 20 percent. Concrete pipe made with an acaregate
which is nonreactive with acid, such as granite, wiil
have a total alkalinity of 16 to 24 percent, depending
upon cemert content. Using a calcarecus aggregate, such
ar dolomite ot limestone, can increase the total alka-
iinity to as much as 100 percent. Suitable sources of
calcareous aggregates are not readily available in all ko
geographical areas, and reguiring their use could .
increase the cost of the pipe. All means of increasing .
durability for a specific aggressive environment should
be evaluated by cost/benefit cralyses.

Concrete Cover

Minimum concrete cover over the reinforcing steel ;ﬁﬁ{
are specifiec in ASTM standards. These minimum covers
represent a balance between structural efticiency and
durability. Assuming both structural adecuacy and 34
proper crack centrol, greater durability is provided -




s

MM Bealey

against a variety of aggressive condit iore by @ thickes
concrete cover. A nooification of cover to increace
durebility, however, requires re-evaluation of tle
structural design of the pipey ard jossible use of
non-standard forms which could lead to sicnificant
increases in pipe costs.

Adwmixtures

Admixtures sometimes used by concrete pipe manufac-
turers include calcium chloride, air entraining agents
and water reducing agents. Air entrainment agents,
which are normaily used only in wet-cast pipe, increase
freeze-thaw and weathering resistance. Water reducing
agents are used to provide adequate workability with
drier mixes. With the same cement content, water
reducing agents can reduce absorption and increase
comprecsive etyength. Calcius chloride, while
accelerating setting time, tends to reduce resistance to
sulfate attack. Chlorides are also related to potential
reinforcement corrosion. The use ¢of admixtures should
be evaluated & to goseitle effects on durability
performance.

DURABILITY DESIGN

Most aspects of buried pipeline design, from flow
determination to loads to structural aralysis, are very
well established., The asject of durability, bowever, 1is
not as well understood by designers, ard therefore,
generally not given proper nor adequate consideration.
When bide are reqguested on alternate materials, a least
cost analysis should be perfoired (3). Any considera-
tion of duratility, and least cost analyses, must begin
with definitions of the required project service life
and the proven performance of pipe materials.

NCHRF Syntlesis No. 50, "DPurability of Drainage
Pipe," defines service life by the number of years of
relatively maintenance-free performance, and states that
a high level of maintenance may justify replacement
before actual failure occurs (4). As service life
gquidelines, the synthetis states designers cenerally are
locking for telatively maintenance-free culvert perform-
ance for at least 25 years 1n secondatry road facilities;
for 40 years v sore 10 prasary highway, urtban trans:t,
8 read tacaiataer; ond lunges sepvice life requitements
for terd to-plece culvirty in key urbar locations ot
sisle s bpogbtalle . The synthesis also states that a
vwtat 1lity sefety fottor ol et least twe should be used
to assure that the structure will definitely serve its
tecuired life span. BSewers are key facilities and
constructed in urban areas where any installaticn is

oot ge by “s" dulﬂ\ . .

Cu&t ¥ 10 ety f tevt o i ' J T Readneg *
FOTA v, art b e ta 1 foe: Fu ¢ N IZE Faftae Ut
Jeast the Lope as reyuired fot pipe vnder hagh type rcad
fecilities.

CONCRETE PIPE PERPORMANCE

For all normal, everyday inctallations, the service
life of toncrete pipe is virtually unlimited. For
exanple, some of the Roman Agueducts are still in use
after more than 2,000 years, ard there ig a buried
tcrcrete pigeline in Isrzel that was tentatively dated
er 3,000 years old (5). The first known concrete pipe
sewer ip Porth America was located, and five sections
reroved in September, 1982 for inspection and historical
purposes (6)}. TInstalled in Mohawk, New York in 1842,
this six-in | jrecast concrete pipe is in excellent
condition aiter 140 years, and the sectjops tepaining in
S€rvice are expected to peiform for several more
centuries,

A searcl for precast concrete pipe durability
problems indicate:r very few jroblems erist, and conte-
quently very few investigationt bhave been corducted and
published (4, 7). By 1987, 313 states and numerous
researchers had performed culvert BUiveys and
investigated the duratility of pipeline naterizle since
1925, resulting in 131 reports. Cince the durabiijity of
concrete pipe is so evident, and research Boney is
normally spent only on problems, 63 percent of the
reports are concerned primarily with the deterioration
and short service life of corrugated metal pipe; 28
percent of the reports cover nultiple pipe watevials;
and five percent of the reports deal witl only concrete,
In 1%82, the Chic Depattwent of Transportation published
A major report on the results of s ten-year study of
rore than 1,600 culverts in all areas of the state,
which included 545 precast concrete pipe installations
(6). The environmental conditions in Ohio are
relatively neutral, as are nost areas of North America,
and the soile and water do not possess any
characteristics which would contribute to premature
detericration of pipe, except for & few areas with mine
aCid crainage problems. A look at the overall study

indicates the excellent performance of concrete pipe. o

Of the 519 concrete culverts studied, only nine were
tated in poor condition, 33 in fair condition and 477 in
9ood to excellent condition. Of the nine in post
condition, one has been repaited, and repairs are
contemplated for the other eicht. An equation for
bPredicting setvice life was developed for precast

Al Wy
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toncrete pipe, whivh relates pH and pipe slope to the DY

humber of years for the jfije to reach a poor condition,
With the eguation plotted graphically, Figure 1, it is
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readily apparent that a corcrete pipe placed on an
average slope of 1-1/2 percent, and installed in an
environment with a pH of 7, will take cltout 1,600 years
to reack a poor conditiot; anc, it ah auuress ive
envitonment with ¢« ¥ of 4, the concrete pipe will last
100 years, which is adequate foir any sewcr or }igh Ly
read facility.

Precast concrete pipe has served in an inprecsive
fashior for well over 100 years, it beinc installed at a
rete of nore than 1,000 miles a wonth in Forth PAmerica,
and hes experienced very few problems. These problens
Lhave been idetified, related to very specific
environment s, ond sdeguate countermeasures developed to
alleviate the problens,
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TABLE 1:

EXPOSURE

CONDITION __ PROCEDURES

Conerete Durabality
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ACID EXPOSURE EVALUATION

AND COUNTERMEASURES

EVALUATION

l. For potential bio-
chemical problems
in sanitary sewers,
determine rate of
of acid develop~-

COUNTERMEASURES

1. Increase total-
alkalinity by use
of calcarious
aggregates.

2. Increase concrete

ment, if any. cover as sacrifi-
Interior 2. For acidic efflu- cial concreie.
ents, determine 3. Use barrier
PH, including lining,
cyclic variaticens,
as well as con-
tinvous or inter-
mittent flow
ettt o SRRERCEREARE RS - - o L e U
1. Accurately deter- 1. Increase total
mir= pH and total alkalinity by
ac 4 ¢y. use of calcar-
2. Evaluate installa- ecus agqgregates,
tion condition from 2. Increase concrete
Exterior the standpoint of COver as sacri-

ficial concrete.

3. Use low permea-
bility clay
backfill.

4. Use calcareous
backfill.

5. Use barrier

- LIS S . - T o e
DEGREE OF SULFATE ATTACK

the potential acid
replenishment .

TABLE 2:

Percent Water~Scluble
Sulfate in Soil

Relative Degree

of Sulfate PPM Sulfate in

. Attack = Semples ______ Water
Negligible.... 0.00 to 0.10 0 to 150
Positiye ..... 0.10 to 0.20 156 to 1,500
Severe et 0.20 to 2.00 1,500 to 10,000
Very severe”.. 2.00 or more 10,0600 ot more

- ———

S Use Type 11 cement.

2 Use Type V cement, or approved portland-pozzolan
cement providing comparable sulfate resistance
3 when used in concrete.

been determined by tests to improve sulfate
resistance when used in concrete with Type V
cement .

Use Type V cement plus approved peozzolan which has







