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SDU6 Tank Cracking SME Reports 

 

A Subject Matter Expert (SME) conference was held on 2/10-2/11/16 to evaluate the SDU6 concrete 
cracking. The purpose of the document is to place the SME reports in a retrievable location. Please see 
attached.  

Revision 1 includes an additional SME report from AECOM SME Allen Hulshizer. 



BECHTEL CORPORATION 
HOUSTON OFFICE OG&C 
MATERIALS ENGINEERING TECHNOLOGY 
 
March 29, 2016 
 
Prepared By:  Patrick R. Nau 
  Principal Scientist/Technologist 
  Bechtel OG&C, Materials Engineering Technology 
 
Subject:    Internal Coatings for SDU #6 Tank, SRS 
 
The SDU #6 concrete storage tank is intended to be 100% leak tight but leaked during hydrostatic testing.  Leaks were 
attributed to extensive cracking of the floor. Savanah River Remediation (SRR) held a conference with the stakeholders 
and various subject matter experts to review the design and construction of the tank as part of an investigation into the 
cracking and leaking.  SRS requested that a MET Protective Coatings Specialist visit the site to participate in the 
conference to review the possibility of mitigating cracking using a polymeric internal lining. 
 
Achieving the required leak tightness with a polymeric internal lining material is conceptually feasible but poses 
significant challenges.  It would require extensive and detailed engineering effort and possibly testing, mock‐ups and/or 
field trials to: 

 Identify and establish the viability of specific materials/products.  

 Develop lining design details, application techniques, processes and procedures. 
 
MET understands that it could conservatively take as long as 6 years to fill the SDU #6 tank.  After filling with grout, SDU 
#6 will no longer contain drain water and will be maintained in a dry condition.  Approximately 25 years after its filling 
operation, the final closure cap will be installed   
 
No polymeric lining can be expected to retain its integrity and 100% leak tightness for 25 years without regular, and at 
some point, major maintenance if not complete replacement.  Once filling the tank begins the lining will be inaccessible 
for maintenance so the first thing that must be established is the minimum maintenance free service life required of any 
candidate lining material where the lining maintains a complete seal of the concrete.  Any lining materials service life will 
depend on the temperature and chemicals it is subjected to so service conditions must be defined and the linings ability 
to resist those conditions for the required length of time firmly established. 
 
Generic approaches considered include: 

 Coatings applied as a liquid directly to the concrete that adhere tightly after cure, such as temperature and 
chemical resistant epoxy novolac. 

 Loose membrane liners of elastomeric sheet or polyurea spray applied over a reinforcing mesh. 

 Polymeric membrane liners adhered directly to the concrete. 
 
Liquid coating applied directly to the concrete is not considered practical.  This type of product can provide excellent 
chemical and temperature resistance but is not especially effective over cracked concrete. Liquid applied coatings have 
little crack bridging ability so all but the narrowest of cracks must typically be addressed prior to coating application.   
This could be as simple as covering the crack with a woven mesh or cloth that becomes saturated with the coating, but 
could involve routing the crack out and installing backer rod and sealant prior to coating application.   
 
Special details to address existing cracks can be effective over static cracks but any movement of the crack under the 
coating presents other problems.  The most chemical and temperature resistant coatings are rigid and cracks in the 
concrete will readily propagate through these coatings if the crack moves (from expansion and contraction or settling).  
Some products offer a degree of flexibility (using at a decrease in chemical and or temperature resistance) and inclusion 
of a bond breaker on both sides of the crack, flexible caulk and reinforcement of the coating as part of the crack 
treatment detail can accommodate a slight amount of movement.   



 
Given the number, length and extent of cracking existing in the floor of SDU #6 treating cracks prior to applying a liquid 
coating would require considerable time and effort.  Even then, movement of the cracks or extension of the existing 
cracks when the floor is stressed by the full load of the hydrostatic test could compromise the coating and any cracks 
that may form after the coating is applied would propagate through it. 
 
Loose polymeric membrane liners (pond liners or bag liners) are available in a number of different polymeric materials 
with varied chemical and temperature resistance so it is possible that such a product could be identified that is suitable 
for the SDU #6 service conditions.  The benefit of this type of lining is that they tend to be much more flexible than liquid 
applied coatings and since they are not bound to the concrete they easily bridge cracks and easily accommodate crack 
movement, growth and the development of new cracks. 
 
The major concern with this type of liner is effecting and maintaining a seal at terminations.  Loose liners are typically 
fastened to the concrete mechanically with bolts and baton strips.  Assuring a tight, lasting mechanical seal around the 
entire perimeter of the tank wall and on all of the 200+ columns would be a major undertaking. 
 
 
An adhered polymeric membrane liner may be the most promising approach.  Like the loose liners, a number of 
different polymeric materials with varied chemical and temperature resistance are available so it is possible that such a 
product could be identified that is suitable for the SDU #6 service conditions.  Adhered membrane liners will readily 
bridge existing cracks and many are elastomeric.  The elastomeric materials offer considerable flexibility and elongation 
allowing them to accommodate much more crack movement, growth and the development of new cracks compared to 
liquid applied coatings applied directly to the concrete.  They would not be as resistant to concrete cracks as would a 
loose liner but they can be adhered to the concrete so a tight and lasting seal should be readily achievable. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 













Summary Report 

 

Evaluation of Concrete Tank at Saltstone Disposal Unit #6 at the Savannah River Site, 

Aiken, SC 

 

Javeed Munshi, FACI, FASCE, FSEI 

 

 

Javeed Munshi attended the SME Conference held at SRR on 2/10/16 and 2/11/16. The key objectives  

of the Conference were to 1) determine root cause(s), 2) determine an appropriate path forward to  

meet the current Structural, Leak Tightness and Performance Assessment (PA) requirements and  

3) Identify improvements for future SDUs. 

 

REPORT 

 

Observations 

 

It was reported that cracks appeared within a few days of each pour.  Both shallow initial cracking  

as well as full depth cracking have been reported.  The cracking appears to be as a result of early  

plastic and long-term drying shrinkage.  Note that this initial plastic shrinkage plus long-term drying  

shrinkage of concrete has now been confirmed through the petrographic evaluation.  

 

Probable Root-Cause 

 

The formal root-cause has not been determined but it appears to be a combination of the following factors: 

• Slower rate of strength gain and shrinkage characteristics of the mix with slag, fly ash and silica fume  

• Restraint provided by thicker perimeter pours and outward slope of the base 

• Lack of control joints to allow stress relief 

• Relatively hot, dry and windy conditions during concrete placement/curing 

• Insufficient protection and/or curing – this mix needed extended wet curing 

 

Nature and Extent of Cracking 

 

The observed cracking seemed excessive for the base mat compared to the roof both in extent and crack  

widths.  For the base slab, the observed cracks were repaired with epoxy grout feed and injections 

 at CJs.  Note that with this much repair done, it is impossible now to find all the cracks/joint path ways for 

water leakage and seal them completely shut.  For the roof, cracking was observed both around columns and  

in spans between columns. Some of the cracks appeared to be through cracks causing leakage.   

In general, the cracking appeared to be a combination of shrinkage and flexural stresses.  The nature  

and extent of cracking notwithstanding, the overall structural integrity does not seem to have been  



compromised.  However, it is prudent to review the structural calculations and details to confirm the  

structural adequacy of the tank. 

 

Acceptance Criteria for Leak Testing 

 

The tank was designed for ACI 350 Code which does not in any way guarantee a completely leak tight tank.  

Also,  a leak-tight tank is unreasonable with unlined conventionally reinforced tank.  With this applicable  

Code, commitment should have been to provide an “essentially leak-tight” tank to allow for some leakage  

per ACI 350.1.  Once this ACI 350 leak tightness test is met, the concrete can be deemed to have  

achieved the initial condition assumed in PA. Note that all CJs have been epoxy injected along with most  

observable cracks sealed to minimize leakage. 

 

However, based on the discussion at the meeting, it seems that client’s expectation is to achieve  

a “leak-tight” tank which would require going above and beyond the requirements of the ACI 350 Code  

by providing either a post-tensioned base or by using appropriate liners or coatings to prevent  

leakage.  For the existing tank in question, a liner may be preferred for the base slab while  

for the roof, a coating may be sufficient as it will be open for inspection and testing. 

  

Recommendations for Repair 

 

In my opinion, the base slab of the tank has been largely repaired to establish structural adequacy.   

But to achieve “leak-tight tank”, either more repair or application of an appropriate coating or liner  

would be necessary to seal the leakage paths.  The crack repair can be carried out through injection of  

polyurethane or similar material.  However, this method may not guarantee a success path as it is nearly  

impossible to identify leaking cracks.  To get a better location of leaking paths, a partial hydro test  

may be necessary to identify suspect areas from inside/outside, as appropriate.   

Note that care should be taken not to fill the cable cavity or lock the movement joint at  

the base with the repair material.  A better option would be to use a robust coating system or a liner  

to prevent leakage.  The roof should be repaired with appropriate coating that is able to withstand seasonal 

temperature variations and weather exposures. 

 

Recommendations for Future Construction 

The design and detailing should be reviewed to ensure structural elements have sufficient 

strength and reinforcement to address not only the design basis loads but also the anticipated 

construction, sequencing of construction and thermal/temperature loads.  In particular, special 

attention needs to paid to restraints to free thermal and shrinkage movements.  In my opinion, 

ACI 350 criteria for shrinkage and temperature stresses may not be sufficient for such a large 

circular structure.  An engineering evaluation is required to determine the reinforcement for 

shrinkage and thermal affects.  The magnitude of tensile stresses expected in the base slab and 

roof with associated with concrete mix, restraints and no control joints should be determined.  

These shrinkage and temperature related membrane stresses need to be added to any tensile 



membrane stresses developed as a result of service loads to ensure that there is sufficient 

reinforcement to keep cracks tight to prevent leakage under service condition. 

The shrinkage characteristics of actual concrete mix need to determined and used in the above-

mentioned shrinkage stresses evaluation.  

The time-temperature and strength gain with time of concrete mix should be determined.  This 

will help determine the need for any extended curing and protection of concrete and help 

decide appropriate time for form removal.  If forms are to be removed early for the roof, early 

age effect should be included in calculation of deflection, creep and cracking. 

Construction joint detail (Fig. 1) should be carefully reviewed as it may not be able to prevent 

leakage due to constructability issues.  For the base slab, it may be better to use a water stop 

that can directly rest on the mud mat rather than at half-way depth.  This will be easy to place 

and will ensure better leakage protection.  For the roof slab, the water-stop should be 

preferably placed near/at the top face and can me designed and placed as an integral part of 

the coating system used, for example as in parking garages.  

Construction sequence should be carefully engineered and planned to minimize restraints and 

time needed to complete the placement – see Fig. 2 for suggested placement for your 

consideration.  The exterior thickened concrete (light blue) and the middle (dark blue) 

placement can be placed in a donut fashion.  A gap (~5 ft) can be left between the exterior 

pours and interior pours to help the two pours shrink independently.  When the initial 

shrinkage is over, the closure strip can be placed (as later as possible to allow the two pours to 

shrink) which will minimize the restraint forces in the base slab.  To allow for multiple pours, 

the exterior and interior concrete placements can be subdivided in any even number of 

placements (see red line in Fig. 2) but the number of placements should be kept to a minimum 

and symmetrical to minimize uneven stress buildup. 

Concrete should be wet cured for at least  7 days before applying the curing compound.  Note 

that extended curing will be required for this mix because of presence of supplemental 

cementitious materials.   

Concrete should be adequately protected from the environment  by strictly following the 

specifications and industry standards for hot and cold weather concreting.   

 

 

 

 

 

 



 

 

Fig. 1. Typical Construction Joint Detail Used 

 

 

 

 

Fig. 2 Proposed Concrete Placement Sequence 
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Allen J. Hulshizer PE 
Consulting Structural Engineer 

FACI, FASCE 
10 Woodside Avenue 

Chalfont, PA 18914 

Tel 215-887-2838 

[cell] 267-254-9868 

ajhulshizer@verizon.net 

   
February 16, 2016 
 

Savannah River Remediation 
Saltstone Disposal Site SDU 6 

Foundation and Roof Slab Cracking 
Comments on Root Cause and Potential Future Remediation 

 
Noel Chapman 
SRR Project engineering Manager 
 
Introduction: Mechanics of Crack Formation – The following is a basic reiterated, but basic description 
on the development of cracks in concrete as it germane to understanding the crack patterns and their 
formation in SDU6.S 
 
Concrete cracks when it’s principal tensile strain fails bond or it fails in shear.  Shear cracking 
essentially occurs with differential loading and is marked by a deformation, movement along the plane 
of the crack.  This is not the situation in SDU6 and will not be the subject of the remaining discussion. 
 
Principal tensile strain cracks will basically occur in slab or wall type elements when there is either 
insufficient bond in the concrete matrix or to the reinforcing or a combination of both to resist or 
distribute the shrinkage strains.  In the case of SDU6 it is generally agreed that the shrinkage is a result 
of Autogenous Shrinkage.  When this occurs, the cracks will form along a line perpendicular to the 
resultant principal tensile strain.  Slab restraint will also play a role in the direction of the resultant 
principal and other lessor tensile strains.   
 
As originally put forth, there is a direct correlation to the slow setting of the use of Type V cement 
with a low C3A content, slag cement and a high pozzolan contents and the development of the early 
cracking.  The lack of bond development in either the matrix and or to the reinforcing is directly 
related to the sensitivity and slowness of the Project Type V Mix concrete mix setting time which can 
and will be effected by some external influences such as concrete placing and ambient temperatures.  
There is more than sufficient reinforcing to adequately distribute the concrete tensile strains if bond 
was present.  The occurrence and orientation of the cracks is also exacerbated by various restraints to 
shrinkage movements.  The placing ambient temperatures were recorded for each of the slab sections 
but no information was given for the actual temperature of the concrete being placed.  i.e., was it 
cooled or heated for given situations? 
 
Compensation for the autogenous shrinkage can be one with the use of shrinkage compensating cement 
as mentioned in your referenced paper “Mitigation Strategies for Autogenous Shrinkage Cracking” by 
Bentz and Jensen dated August 2004.  In the case of the ARS SDU concrete, the introduction of 
another cement/concrete mix, cement, especially one the creates ettringite, has not faired well with 
respect to the need and the time to retest it to meet the SRS Remediation criteria. 
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The use of fibers in the existing mix, as was proposed in my letter of 2-12-16, could well be used 
without compromising the accepted SRS concrete Type V mix.  Pretesting of the use of fibers and 
bentonite sealing is also covered in my 2-12-16 letter report.  
 
The use of a single placement of the base slab was suggested as an alternate to eliminate the sectional 
placement restraints but I do not recommend that approach because of the complexities involved.  I 
have participated in many placements much larger than this slab and I do not believe this would prove 
to be a simple or even satisfactory solution.  There is more than sufficient rebar in the current design. 
 
All are in agreement that the elimination of the checkerboard placing pattern would be a change in the 
right direction without the need to change and retest the SRS Type V mix properties. 
 
However, the use of a non-chloride accelerator could prove to be a viable alternate to tailor a decrease 
in the setting time to achieve an earlier bond development without retesting the SRS Type V concrete 
mix.  
 
 
Roof Cracking; Considering the beginning explanation on the mechanics of concrete cracking I believe 
that an examinations of the crack pattern of the roof cracking as portrayed in the Underside Roof 
Cracks will provide a different conclusion. 
 
Given that the cracks will occur perpendicular to the resultant principal tensile strain(s), the roof cracks 
as depicted do not exhibit that pattern.  As constructed, the roof slab essentially spans from the 
perimeter walls to the interior columns or column bands.  As such, any flexural cracking must occur in 
a circumferential pattern to match the strains in the reinforcing.  In the case of the bottom of the roof 
slab, the cracks would also have to occur in the middle of the span, not at the support locations.  
Further, the cracks shown near the perimeter wall are basically radial and not circumferential.  Similar 
cracking studies can be made for the interior and roof panels to confirm the non-flexural shrinkage 
pattern.   
 
The forms were apparently left in place for a number of days such that the early shrinkage cracking 
would not be evident. 
 
In summary, the roof cracking is again shrinkage and not flexural, for the same reason that the 
shrinkage has been postulated to occur in the base slab and therefore solutions to mitigate the cracking 
should follow the means derived for the base slab.   
 
Further, since the roof cracks are not flexural, there is no need to keep the forms on longer than 7 to 10 
days if there is any advantage to removing and/or moving them.  Even though the present Type V 
project mix is initially slow in developing set time and bond in the first day or so, it should be well 
towards 5,000 psi compressive strength after 7 days and be fully capable of performing it structural 
performance with dead load only. 
 
Section 1 Restraint Romment: -My comment at the later part of the Wednesday site meeting regarding 
the circumferential cracks in the “free” outer part Section 1 was to illustrate the sensitivity as to when 
the concrete bond properties are being developed and the influence of restraints have on the crack 
development.  The point being made was that even the change in stiffness of the slab itself, by nature 
of its thickness and natural restraint by the mud mat (HDPE protecting slab) was enough to cause the 
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shrinkage principal resultant strain to be radial and consequentially the larger cracks occurred 
circumferentially along the stiffer wall bearing section. 
Note that I only have the crack maps for the underside of the roof and base Slab Sections 1 and 5, and 
have based my cracking evaluation based on them being indicative of the rest of the slab cracking 
patterns.  Section 5 crack Map does further illustrate the cracks occurring via the resultant tensile 
restraint strains from the previous placed slabs. 
 
Again, thanks for the forwarded paper on “Mitigating Shrinkage Cracks”.  It does fully support my 
evaluations and carries the same essentials I have been proposing since my involvement with the 
SDU6 cracking and construction issues. 
 
 
 
Prepared by, 
 
 
Allen J Hulshizer 
 
 
CC: Sergio Mazul 
       SDU 6 Project Engineering Manager 
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