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ENVIRONMENTAL RESTORATION, LLC USEPA REGION 8 

Request for Proposal RBB-62 

RESTORATION Bulkhead Construction 
Due Date May 08, 2015 

AMENDMENT No. 001 j 04/27/15 

RFP#: RB8-62Bulkhead Site Name: Red and Bonita Mine Site 

T.O.#: 0 ___06=2~_ Location: Silverton. CO 

Job #: RB8-62 Attachments: •Yes D No 

Environmental Restoration, LLC (ER) is issuing Amendment 001 to provide answers to questions 
provided by bidders. The questions and answers are contained in Section 1. An additional scope 
of work involving provision of a PE-stamped ground Control Plan is described in Section 2. 
Following Section 2 are two attachments. Attachment 1 is a load diagram provided in response to 
question 12. Attachment 2 is a revised Schedule of Pricing that includes an additional line item for 
PE evaluation and development of a ground control plan (Section 2). 

Section 1 : Questions and Answers 

1. It indicates that the injection pipe to be installed to as far back in the mine as 
possible, will be schedule 40 pvc pipe, it also indicates that all connections will be 
threaded, Threading schedule 40 pvc pipe is not a typical form of connection. ANSI 
doesn't recommend threading pvc pipe of less that schedule 80. Can the more typical 
form of connection, being glued bell sections or glued coupled sections be used? Do we 
want to change the material to schedule 80 pvc? Use Schedule 80 threaded pipe. 

2. The anticipated completion date is mentioned twice, General Scope of Work 1.0, 
paragraph 3, complete work by, August 30th, 2015, and in the instructions to bidders 7.1 
it is listed completion by September 30th, 2015. Which date is it? September 

3. Installation of bypass pipes. Are the bypass pipes supposed to be 8", 316 stainless 
pipes from the cofferdams to a 316 stainless 8" Y section and then a 316 stainless 8" 
pipe thru the concrete pour? It indicates that all connections for pipe will be threaded, 
that is very uncommon for 8", 316 stainless schedule 40 pipe. The most common form 
of connection is flanges, bolts and seals. To thread together 8" pipe would be difficult, 
and threading on a 8" 316 stainless gate valve even more difficult. Use flanges and 
bolts for 316 Stainless (schedule 40). 

4. Under OSHA requirements we will be expected to supply a 5 man rescue team 
within 30 minutes, are we to supply these men or will ER handle this requirement? 
ER/EPA/Weston and ORMS will have personnel on site to comprise the OSHA 
required 5 man rescue team. People forming this team will be trained and 
practiced in initiating a response including firefighting and the use of SCBA's if 
necessary. ER will have the SCBAs and a satellite phone on site. Additionally, ER 
will make arrangements for support from the San Juan Mine Rescue Team. 

5. Bid item # 6 only mentions grout, since there is a requirement to grout 4 holes in 
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the bulkhead area is that what this is referring to? There is no mention of concrete in 

this item. The comment does not appear to correctly reference the Item that is 

relevant to their question, and we do not understand the question. They 

reference Item 6, which is specific to Concrete Testing. Grouting the existing 4 

drill holes (2" x 12 ft) is addressed in Item 1 re: Prepare the Rock Surface. This 

specifies a grout and PSI; there are no testing requirements. 


6. Can I get a list of the plan holders for this RFP? No 

7. Can concrete trucks access the portal? Concrete trucks can access the site, 
but not directly adjacent to the portal. Several concrete trucks for a private 
construction project passed the s ite at the toe of the mine dump directly beneath 
the portal. It is anticipated that this work will require staging a pump truck at the 
toe of the dump to supply the work area. 

8. We note that OSHA requirements for excavation safety at 1926.652 (c) (4) have 
been interpreted to pertain to underground tunnels, and thus will require a PE-Stamped 
Ground Control (shoring) plan. 

• 	 Does this plan already exist for the site? 
o 	 If so, has all required control been installed in all work areas pertinent to 

this scope, and are the fixtures in good condition? 
o 	 If not, where would the costs for this design, and the implementation of 

any ground control that may be required by the designer, be included? 
EPA/ORMS/ER are continuing to research the PE requirement. In the meantime, 
bids for construction activities should be prepared with the assumption that 
ORMS engineering staff have concluded that there is no evidence of a need for 
shoring I ground support. Additionally, the Schedule of Pricing has been revised 
to include a line item for providing a PE evaluation and Ground Control Plan. If 
required, the Ground Control Plan will be due as a submittal by June 15, 2015. 
Costs for implementing ground control, if necessary, will be addressed after 
receipt of the analysis. 

9. Please clarify what design role the Subcontactor is expected to take, given that a 
very detailed design is included in the bid package. It would not be legal under 
Colorado Law, or ethical, to simply review and stamp plans generated by others not 
working under our engineering supervision . 
EPA/ER are not requesting a PE stamped bulkhead design plan at this point. The 
design was developed by qualified engineering staff and has been applied at 
multiple locations in CO. 
Also, we are concerned that this language could be used to shift liability to the 
Subcontractor in the event of some aspect of failure as a result of the ORMS design. 
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If the Subcontractor is required to take design liability, then it will be necessary to have 
provision for time and cost for a proper design study and a means to fairly 
accommodate additional construction costs, if any, that may result of any changes in 
scope dictated by the final , stamped, design. The design has been supplied as part 
of this RFP. Subcontractor will be responsible for construction in compliance 
with the design, but not the design itself. 

1 O. Is a 7 day week permitted? Subcontractor should base schedule on a 6 day 
week. Working 7 days may be permitted as an exception with advanced approval 
from the RM. 7 day weeks will not be approved as the normal work week. 

11 Are night shifts permitted? No. In addition to hazards associated with night work 
in rough terrain and challenges in visual appraisal of the water treatment system, 
ER anticipates a lodging shortage in Silverton during the construction period. 
Working night shifts would double the number of personnel requiring lodging as 
well as potentially stretch the resources available from other entities involved at 
the site. 

12. This project will be awarded on a 'Best Value' basis, with technical approach, 
schedule, equipment provided, and costs all being taken into consideration." 
What is the relative weighting of the listed factors? All factors other than costs are 
weighed equal to cost. Award will be made to the bidder that demonstrates a 
responsible combination of sound approach, acceptable schedule, acceptable 
equipment and cost. 

13. Item 1.0 Install Injection Pipe - The description of the distance seems vague - " 
The CONTRACTOR will provide and install a 3/4-in . Schedule 40 PVC or HOPE 
injection pipe from the upstream end of the bulkhead to easternmost safely accessible 
location in the north heading of the Red and Bonita Mine shown on Figure 2. And 
further in the section: "Approximately 700-feet of injection pipe will be required .... " 
Has the adit segment into which the injection pipe is to be installed been mucked out, 
ground secured, and does it have any utilities or ventilation? 
The adit has been investigated and ventilation bag hung to approximately 600 feet 
inby of the portal. For purposes of the bid, assume that a total of 400 feet of 
injection pipe will be installed beyond the bulkhead position on the main 
eastward drift. The iron precipitate solids were removed from a center walking 
area (12 to 18 inches w ide) down to the floor in 2013. The air was monitored 
during the previous entries following ventilation bag placement, and there was 
not a need for continued ventilation - however it is available for use as needed. 
(See Photo below) 
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How are varying lengths of pipe to be paid for? ER will purchase additional pipe 
beyond what is described above. 

14. We note that the ORMS appears to be providing, and the specifications are 
requiring, very prescriptive and specific "means and methods" of form construction, 
which is normally left to the Contractor. 

• 	 What psi of total pressure (hydrostatic head of SCC mix plus final stroke pump 
overpressure) is the design rated for? See Attachment 1. 

• 	 Will ER take responsibility for failure of the forms if constructed according to 
plan? 
If the subcontractor has identified any specific elements of the design that 
they believe are potential for failure of the forms or other features, then 
those need to be identified in the bid offer. 

15. We note that the requirement for a 450 psi capability pump seems unusual and 
excessive for contact grouting (as differentiated from formation grouting) - example, a 
3-stage Moyna as might be in a CG-550 unit only would have a typical delivery pressure 
of 261 psi when a new rotor and stator are used. We note that there are uncertainties 
as to the amount of grout take, possible re-drilling, etc. yet ER is asking for a lump sum 
bid price. What are the baseline assumptions beyond which a change of conditions 
would be in effect - 3 CF per hole in one operation and no re-drilling? 

ORMS will provide a modification to indicate that the pump pressure capacity 
must be 200 psi versus 450 psi, which was intended as a not to exceed operating 
pressure, in the original RFP. The minimum specification is 90 psi for grout 
injection for a 3 minute minimum period. 

The condition that would lead to a significant unknown quantity of grout 

required for the contact grouting is unlikely. If such a condition occurs beyond 

three cycles of re-drilling and 3 cubic feet re-grouting, then a separate unit 

pricing may be specified as based on changed conditions. 
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Adit at approximately 600 ft Inby on eastward main drift, note channel in muck 

Section 2: Additional Scope of Work 

With regard to the subject of PE evaluation and development of a stamped ground control plan, 
ER has revised the Schedule of Pricing to include a line item to perform this task. If this line item 
is exercised the work will involve the main work corridor (0-300') and the injection pipe 
installation zone (300-700'). Subcontractor will be required to provide a qualified Professional 
Engineer (PE) to survey the work areas and provide a PE-stamped ground control plan to 
ensure safe work conditions. ER will provide outside support during the engineers time 
underground. The final report will be due by June 15, 2015. 
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ATTACHMENT 1: LOAD DIAGRAM 
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ATTACHMENT 2: REVISED SCHEDULE OF PRICING 
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EPA's representative in every way necessary to the successful completion of the project. 

The Subcontractor shall have at the job site at all times as his agent a competent superintendent thoroughly 
experienced with the scope of work involved, and capable of executing directions of ER without delay, and to 
promptly supply such materials, equipment, tools, labor and other incidentals as may be required . This 
superintendent shall be posted to the project for the life of the subcontract, and shall not be removed or 
replaced without approval by the ER Response Manager. The Superintendent shall be an agent of the 
Subcontractor and shall be authorized by the Subcontractor to propose and execute change orders. 

The Subcontractor will only provide qualified workers who have the necessary training and experience as 
required by the site specific Health and Safety Plan. If a Subcontractor employee does not abide by the 
specific project requirements, they shall be immediately discharged from the site and not allowed to return 
unless authorized by ER. Replacement cost from anyone discharged from the site shall not be a cost to 
ER. 

6.5 Work Hours 

Bidders should state their anticipated weekly work schedule in proposal. Bulkhead installation is anticipated 
to meet the schedule provided by the subcontractor regardless of local weather conditions. Because site 
activity is time sensitive, schedule will be one of the factors evaluated as part of the proposal evaluation 
process. Due to the remote location and costs of maintaining personnel , ER requests a Mon-Sat 6 day work 
schedule. Bidders should clearly state if they do not plan to work 6 days per week with a full work crew. 

6.6 Administrative I Project Specific 

The following conditions apply in addition to the work agreement. 

6.6.1 Wages. All work activities performed at the site shall be considered Davis Beacon Act 
work (see attached OBA Wage Determination), unless described as Service Contract Act work by 
ER. This includes all sub-tiers. Final definition of SCA I OBA work elements will be defined at the 
site walk or through later email correspondence. Certified payrolls are required to be submitted 
weekly. 

6.6.2 Reports. Daily Reports; The Subcontractor will be required to maintain and submit a daily 
activity log which, at a minimum briefly describes the work performed each day, a list of labor and 
equipment used, and any problems encountered. Final format of the Daily plan will be based on 
winning bidders example (as required as part of the technical submittal). 

Weekly Reports; The subcontractor will be required to submit an electronic copy of the 
weekly reports no later than 7 days following week end, containing at a minimum the 
following data; 
../ Any monitoring/testing data including meaningful readings from field instrumentation, 

meters, gauges, and sensors 
../ Underground work conditions 
../ Summary of Data and interpretations, operations trends, areas of noncompliance and 

corrective actions . 
./ Summary of weekly performance, work performance and any areas of concerns or 

non-compliance . 
./ Planned I upcoming events 
./ Field and laboratory analytical data 
./ Calculations 

Monthly Reports 
,/ Electronic copy of updated Schedule (see schedule requirements in this RFP) 

C:\Users- DocumontsVobs\2015jobs\Red & Bonita 2015'!RFP • R&d and Bonita BufKhead Final.docx P~ Qo/24 
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List of Equipment Offered. The List of Equipment Offered form must be returned with each bid. All equipment to be 
used on the project must be listed. The SUBCONTRACTOR must own, have a current lease for the equipment intended 
to be used to perform the work, or must furnish a statement of arrangements to rent, or otherwise procure, adequate 
equipment to perform the work. Inclusion of a piece ofequipment on the List of Equipment Offered represents a 
commitment to devote that piece of equipment to the project work for the entire duration of the project. Ifseveral 
contractors propose to join together to perform the work under this contract, equipment owned or controlled by each 
should be listed and the owner identified. A contract will not be awarded to a bidder who in the opinion ofERLLC (a) 
does not have adequate equipment, or (b) does not have firm and satisfactory arrangements to obtain adequate equipment 
to perform the work described in the Invitation and Bid. 

If the List of Equipment Offered is not submitted with the bid, the bid may be considered non-responsive. 

LIST OF EQUIPMENT OFFERED 

Under the headings below, list all equipment which you offer to perform the work described in the Bid. Please see "List of 
Equipment Offered" in the Special Conditions. 

ITEM MAKE MODEL NUMBER SERIAL NUMBER 
YEAR 

MANUFACTURED 

THIS PAGE MUST BE RETURNED WITH YOUR BID 
OR THE BID MAY BE CONSIDERED NON-RESPONSIVE 

PAGE 1 OF 1 PAGE 

As of8/16/2012 
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Red and Bonita Mine Bulkhead Construction
 
Requirements and Specifications
 

Prepared for the United States Environmental Protection Agency
 
by
 

The Colorado Division of Reclamation, Mining and Safety
 
Inactive Mine Reclamation Program
 

PROJECT LOCATION 

The Red and Bonita Mine is located on the east side and approximately 200 vertical feet above 
Cement Creek, ten miles north of Silverton, in San Juan County, Colorado (Figure 1). The site is 
accessed from Silverton via County Road 110, north 6.4 miles to County Road 52, then County 
Road 52 northbound along the east side of Cement Creek to the Red and Bonita Mine. 

WORK SUMMARY 

The project work will involve construction of a hydraulic bulkhead in the Red and Bonita adit.  
Bulkhead construction will consist of ventilation of the working area of the mine to minimum 19.5 
percent oxygen at all times (vent bag has been installed to the bulkhead location), mucking out 
sections of the adit, coffer dam construction, bypass pipe installation, cleaning and scaling at the 
bulkhead location, inner and outer bulkhead form construction, placement of concrete in formwork, 
and bulkhead contact grouting after the concrete has cured. The PROJECT MANAGER, as that 
terms is used in this document, shall be the U.S. Environmental Protection Agency On Scene 
Coordinator, or the On Scene Coordinator’s designee. 

PROJECT WORK DESCRIPTION 

ITEM 1.0: PREPARE BULKHEAD LOCATION AND BYPASS PIPE 

Preparation of the Bulkhead Location includes construction of the upstream cofferdams, installation 
of the bypass pipe, and cleanup, scaling and preparation of the bulkhead location, all in 
accordance with these specifications, and drawings as follows: 

Plate 1. Longitudinal Cross Section of Forms, Steel Beam Supports and Contact Grout Holes, 

Plate 2. Plan View of Bulkhead Forms with Steel Beam Supports, 

Plate 3. Air Side Form Face, 

Plate 4. Air Side #9 Rebar Cage Plus Contact Grout Holes 

Muck working areas of Red and Bonita Mine 

The first 300 feet of the main Red and Bonita crosscut heading and the first 25 feet of the 275-drift 
must be mucked-out (Figure 2). The floor of the mine has accumulated metal hydroxide 
precipitates and silt deposits to a thickness of up to three feet. The CONTRACTOR will muck 
these deposits into the 300-plus gallon per minute mine discharge such that the deposits will flow 
out of the mine as a slurry, which will be routed to a water treatment system and retention ponds 
that will be operated by others. The CONTRACTOR must coordinate mucking operations with the 
operator of the water treatment system such that the system is not overwhelmed and the discharge 
from the ponds is adequately clarified as determined by the PROJECT MANAGER. 

Red and Bonita Mine Bulkhead Requirements and Specifications Page 1 



       
 

   
 

          
           
           

                
            
              
            

         
              

          
         

           
                

               
 

 
   

 
                

         
           

              
              

         
         

           
                  

         
              

 
   

 
            
        

                 
            

            
          

         
            

           
         

         
             

           
 

           
           

            

Install Injection Pipe 

The CONTRACTOR will provide and install a 3/4-in. Schedule 40 PVC or HDPE injection pipe from 
the upstream end of the bulkhead to easternmost safely accessible location in the north heading of 
the Red and Bonita Mine shown on Figure 2. The injection pipe will have threaded connections 
and will be carried by hangers spaced every ten-feet installed in the back (roof) of the adit. The 
hangers will be installed into holes drilled into the mine roof and secured with epoxy or by using 
compression fittings. The injection pipe will be clamped to the hangers. At the bulkhead location, 
a stainless steel “Y” connection will be threaded to the injection pipe and will eventually be 
threaded to the 3/4-in. Schedule 40 water sampling and pressure measurement stainless steel 
pipe shown on the Plates. The other port on the “Y” connector will be fitted with a stainless steel 
check valve rated to 600 psi minimum that will prevent backflow through the check valve during 
fluid injection operations and force injected fluid into the injection pipe. When injection is not 
occurring, the check valve will remain open to allow pressure reading and water sampling of the 
mine pool at the water side of the bulkhead. Approximately 700-feet of injection pipe will be 
required, with sufficient hangers, clamps, angles and fittings to route the pipe to the east end of the 
adit. 

Construct Two Upstream Cofferdams 

The upstream end of the bulkhead will be sited as close to the intersection of the main crosscut 
heading and the 275-drift as possible. Construct upstream concrete or plastic sheeting covered 
sandbag cofferdams in the main crosscut beyond Station 2+75, and in the 275-drift, at locations 
chosen by the CONTRACTOR. The cofferdams will have a height at least 3-ft. above the existing 
adit floor. Water passing under, around or through the cofferdams must be eliminated in order to 
facilitate construction and concrete filling of the bulkhead form. Include a 8-in. nominal inside 
diameter, Schedule 40, type 316-stainless steel bypass pipe penetration through the cofferdam 
centered approximately 1-ft. 6-in. above the tunnel rock invert (floor), a minimum of 1-ft. 6-in. below 
the top of the cofferdam, and extending at least 1-ft. into the upstream pond. The pipe inlet will be 
protected from blockage by a fully-enclosed screened metal trash rack or perforated plastic pipe 
connected to the bypass pipe that rises at least 2-ft. above the top of the cofferdam. 

Install Bypass Pipe 

The entire length of the construction bypass pipe from cofferdam inlets to the downstream outlet 
shall be completed using threaded connections throughout, before starting construction of the 
bulkhead forms. A “Y” connector will be required to combine the pipes from each coffer dam into a 
single pipe through the bulkhead location. Clearing the broken rock ballast below the bypass pipe 
alignment through the bulkhead construction area is required so that the entire length of, 8-in. 
nominal inside diameter (ID), Schedule 40, type 316-stainless steel pipe, stainless steel fittings 
and fixtures through the bulkhead and the 8-in. stainless steel gate valve can be supported from 
solid rock at approximately 5-ft. intervals along the pipe. Steel rebar chairs or solid concrete 
blocks are to be utilized for pipe support within the bulkhead and stabilized by wire ties to resin 
anchored eyebolts embedded approximately 1-ft. into the floor and adjacent rib. All bypass pipe 
tie-downs must be able to resist uplift force generated during concrete placement in bulkhead 
forms. If the pipe supports or wire ties within the bulkhead are disturbed during construction of the 
bulkhead forms they shall be reinstalled before the final bulkhead form inspection and filling. 

A temporary 8-in. diameter steel, wrought iron, HDPE or other downstream (air side) water 
diversion pipe must be completed, connected and functioning to bypass the flow of acid mine 
drainage before starting work on the bulkhead forms. See plans and sections noted above. The 
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length of the water diversion tail-pipe must extend to a discharge location outside the adit portal 
selected by the PROJECT MANAGER. The permanent connection between the stainless steel 
pipe and gate valve shall include Teflon tape, or other thread sealant. 

The 8-in. stainless steel pipe through the bulkhead will include two (2) 14.5-in. by 14.5-in. square, 
1/2-in. thick stainless steel thrust plate/water-stops that have been continuously fillet welded, on 
both sides of the plates, around the bypass pipe 4-ft. and 11-ft. inside the bulkhead from the water 
side (upstream) bulkhead form. The 8-in. stainless steel gate valve should be centered 
approximately 2-ft. from the air side (downstream) face of the concrete bulkhead. 

Prepare Rock Surfaces in Bulkhead Location 

Scale loose rock from the roof and walls, exposing fresh, clean and sound rock. The mine rails, if 
present and all broken rock ballast and ties will be removed from the floor in the bulkhead 
construction area, in the vicinity of Station 2+75. Solid rock will be exposed by scaling, prying up 
loose rock, and washing the floor and ribs clean to permit measuring the maximum tunnel height 
and width through the length of the bulkhead location. Four drill holes into the ribs of the adit (2-in. 
diameter, 12-feet long) must be grouted full with Type V neat cement grout at a minimum pressure 
of 90 psi. 

Bulkhead Surface-Profiling 

After scaling and washing are completed and loose rock, ballast, ties, and rail are removed, the 
bulkhead area will be inspected, measured and profiled in reference to tunnel centerline on 0.5 -ft. 
stationing. The profiling is to verify that the bulkhead design parameters remain valid, and to verify 
measurement for payment of Concrete placement. The rock surface irregularity along a parallel 
marked string-line shall be profiled along each tunnel rib, the back (roof) and the floor on 0.5 -ft. 
stationing. The PROJECT MANAGER shall inspect the rock surfaces for geologic structures and 
weaknesses that could compromise the design. A copy of the completed bulkhead surface profile 
shall be provided to the PROJECT MANAGER. 

ITEM 2.0: CONSTRUCT UPSTREAM BULKHEAD FORM 

Construct the upstream (waterside) bulkhead form. No. 1 grade Douglas Fir, or equivalent, is 
required for the timber lagging, post and sill supports. This form design is based on designs that 
have previously proven successful. 

Construction of the upstream bulkhead shall be in accordance with these specifications, and 
drawings as follows: 

Plate 1. Longitudinal Cross Section of Forms, Steel Beam Supports and Contact Grout Holes, 

Plate 2. Plan View of Bulkhead Forms with Steel Beam Supports, 

Plate 3. Air Side Form Face, 

Plate 4. Air Side #9 Rebar Cage Plus Contact Grout Holes 

The contractor may alter the construction sequence or specifications for the form work only with 
prior approval of the PROJECT MANAGER, providing a demonstration to the PROJECT 
MANAGER’s satisfaction that the integrity of the final reinforced concrete bulkhead is not 
compromised. 

Red and Bonita Mine Bulkhead Requirements and Specifications Page 3 



       
 

      
 

              
            

          
              

               
           

                
            

         
          

            
           

         
 

             
                   

        
              

         
            

         
 

              
          

         
            

              
   

 
              

             
             

         
           

            
 

 
               
              

             
             
          

              
        

            
 

               
                

             

The upstream bulkhead form construction sequence is as follows: 

2.1 Cut a roughly level slot perpendicular to the tunnel axis, directly across the floor for the 
approximately 9-ft. long W 4x13 steel sill beam. Smooth irregularities in the slot using 
concrete grout as necessary. The sill beam will be cut in the field to assure that both ends 
of the beam are in close proximity, less than 1-in., of the tunnel wall on each end, assuring 
that the base of the outer 8-in. x 8-in. posts (or the four 2-in. x 10-in. composite posts) will 
bear against one flange of the W 4x13 beam. This is essential because the sill beam will 
align the three 8-in. x 8-in. posts across the tunnel on the water side form. The central 8-in. 
x 8-in. post shall be no more than 2-ft. 11-1/2-in. apart, center-to-center or 2-ft. 4-in. skin-
to-skin. The recommended minimum center-to-center distance between the central post 
and one of the side posts is 2-ft. 7-1/2-in. or 2-ft. 0-in. skin-to-skin. This minimum spacing 
permits minimal access through the bulkhead form to the cofferdam, if required. The 
maximum 2-ft. 4-in. skin-to-skin distance between posts is, controlled by the strength of the 
3 x 10-in. nominal (2-1/2 x 9-1/4-in. dressed) lagging. 

2.2 Two 1-3/8-in. or 1-1/2-in. diameter holes will be drilled at least 6-in. apart, directly in 
line in front of the beam, three foot deep into the floor rock at each end of the beam. The 
holes will contain Grade 75 #8 resin-grouted threadbar dowels. The threadbar dowels are 
to project at least 3-in. upward through holes cut through the 6-in. leg of an at least 1-ft. 
long L 6x4x1/2 angle bracket. Threadbar nuts with washers will be attached and tightened 
to restrain the beam during filling of the form. The locations are as close as reasonable to 
the ends of the beam, as indicated on attached plates. 

2.3 Stand the central 8-in. x 8-in. roof-to-floor post vertically near the tunnel centerline. 
Stand the two outside posts to minimize the distance the 3-in. x 10-in. lagging is 
cantilevered beyond the outside posts and as close as reasonably possible, but not more 
than 6-in.. The outside posts can be tilted to reduce the cantilevered distance, but only to 
the extent that the open span between the central post and the outside post does not 
anywhere exceed 2-ft. 4-in. 

Hitches are to be cut into the back and floor for all posts to provide relatively flat bearing 
surfaces. Wedges will be used as needed to further tighten the posts. Bolt a 9-in. long 6
in. x 4-in. angle iron (L6x4x1/2) to the roof on the upstream side and against the top of 
each 8-in. x 8-in. post with one #8 fully resin-grouted threadbar un-tensioned dowels 
embedded at least 3-ft. into holes into the roof. Threadbar nuts with washers will be 
attached and tightened to restrain the post during filling of the form. See the attached 
plates. 

2.4 Position the center of a cut-to-fit approximately 6-ft. long W 6x20 beam 2-ft. up from 
the floor of the tunnel and across the upstream face of the three 8-in. x 8-in. or the 
composite 4 each 2 x 10-in. posts. This is indicated on attached plates. Securely fasten 
the beam to all three posts, possibly with a lag screw anchored plate or bracket. Two 8-in. 
long L6x4x1/2 angle-iron will be fillet welded to beam, before the beam is taken into the 
tunnel, to stiffen the central post. If it is possible to determine the positions of the outer 
posts before moving the beam into the tunnel similar angles should be fillet welded to also 
brace the outer posts. These short angles are indicated on the attached plates. 

2.5 Position the center of a similar cut-to-fit approximately 6-ft. long W 6x20 beam 4-ft. 6
in. up from the floor of the tunnel and across the upstream face of the three 8-in. x 8-in. or 
the composite 4 each 2 x 10-in. posts. This is indicated on attached plates. Securely 
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fasten the beam to all three posts, possibly with a lag screw anchored plate or bracket. 
Two 8-in. long L6x4x1/2 angle-iron will be fillet welded to beam, before the beam is taken 
into the tunnel, to stiffen the central post. If it is possible to determine the positions of the 
outer posts before moving the beam into the tunnel similar angles should be fillet welded to 
also brace the outer posts. These short angles are indicated on the attached plates. 

2.6 Position the top of the third cut-to-fit 6-ft. long W 6x20 beam 6-ft. 9-in. up from the floor 
of the tunnel and across the upstream face of the three 8-in. x 8-in. or the composite 4 
each 2 x 10-in. posts. This is indicated on the attached plates. Securely fasten the beam 
to all three posts, possibly with a lag screw anchored plate or bracket. Two 8-in. long 
L6x4x1/2 angle-iron will be fillet welded to beam, before the beam is taken into the tunnel, 
to stiffen the central post. If it is possible to determine the positions of the outer posts 
before moving the beam into the tunnel similar angles should be fillet welded to also brace 
the outer posts. These short angles are indicated on the attached plates. 

2.7 Tunnel rib brackets, roughly 1-ft. 2-in. long L6x4x1/2 angle iron, anchored with two fully 
resin-grouted Grade 75 threadbar bolts in 1-3/8-in. or 1-1/2-in. diameter holes drilled 4-ft. 
deep and approximately 7-1/2-in. apart into the ribs at positions centered approximately 2
in. above and 2-in. below both ribside ends of the three W 6x20 beams. The rib brackets 

will also be centered approximately 2-ft., 4-ft. and 6-ft. above the floor. The irregularity of 

the tunnel ribs will necessitate individually installing the angle iron rib brackets. The 
attached plates indicate the bracket and locations. The #8 resin-grouted threadbar bolts 
are to project upward at least 3-in. through holes cut through the 6-in. leg of a L 6x4x1/2 
angle bracket. Threadbar nuts with washers will be attached and tightened to support the 
design loading on the beam ends during filling of the form. 

2.8 Bolt an approximately 8-in. long 6-in. x 4-in. angle iron (L6x4x1/2) to the roof on the 
upstream side and against the top of each 8-in. x 8-in. post with one #8 fully resin-grouted 
threadbar dowel embedded at least 3-ft. into a hole drilled in the roof. Threadbar nuts with 
washers will be attached and tightened to restrain the post during filling of the form. See 
attached plates. 

2.9 The PROJECT MANAGER will make a final inspection of the waterside cofferdam, 
bypass pipe, W 4x13 sill beam, posts, W 6x20 bulkhead support beams, bolting and angle 
iron brackets will be inspected and must be approved before proceeding. 

2.10 Place individual 3-in. x 12-in. nominal (2-1/2-in. x 11-1/4-in. dressed) or 2-in. x 4-in. 
(1-1/2-in. x 3-1/2-in. dressed) boards laid flat as lagging (form planks) from tunnel rib to 
tunnel rib, completely across the tunnel and against the 8-in. x 8-in. post supports, starting 
at the floor. The lagging boards are to be individually cut to fit the ribside profile. The 
lagging is to be stacked skin-to-skin on top of each other from the floor to the roof. The 
lowest and uppermost pieces of lagging will have to be cut to fit the floor and back profiles. 
The uppermost piece of lagging will require additional restraint between the posts by the #8 
resin-grouted threadbar bolt brackets, indicated on the attached plates. 

Wherever it is not possible to span the tunnel width with a single piece of lagging the 
lagging pieces will be butted together at the center of one of the central post. Lag 
bolt or nail each continuous piece of 3-in. x 12-in. lagging to at least two posts. Wherever 
possible wedges are to be driven between the ends of each piece of 3-in. x 12-in. lagging 
and the adjacent tunnel ribsides from the water side, before the next piece of lagging is cut 
to fit, placed, and fastened. If 2-in. x 4-in. lagging is employed the individual boards will 
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have to be nailed to the underlying board and the stack fastened to the central posts 
approximately every 12-in. Wedges are to be driven from the water side wherever gaps 
develop between the boards and the adjacent rock to tighten and support the cantilevered 
ends. 

The pieces of lagging that contain the 8-in. nominal ID (4.500-in. OD) Schedule 40 
stainless steel bypass pipe will have to be cut or slotted to fit as closely as possible around 
the bypass pipe, caulked and reinforced as necessary. Similarly, the lagging penetration 
for the upstream portion of the 3/4-in. nominal ID (1.050-in. OD) Schedule 40 water 
sampling and pressure measurement stainless steel pipe through the water side bulkhead 
needs to be drilled or cut, caulked and reinforced as necessary. The 3/4-in. pipe is to be 
positioned no closer than 2-ft. from either tunnel rib and at least 3.5-ft. up from the floor. 
The 3/4-in. pipe can contain two, at most, threaded union connections within the bulkhead 
provided these permanent connections include Teflon tape, or other thread sealant. 

Drive or inject caulking material continuously between the lagging and the rock around the 
perimeter of the bulkhead form and the tunnel rock. Before the last of the lagging is placed 
between the central posts the final inspection of the cofferdam and bypass water inlet 
through the access opening must be performed. After that inspection, close the access 
opening. 

2.11 Provide and install vibrating wire piezometer, cabling and data logger. 
CONTRACTOR will provide and install rst Instruments model PPA0094, 5.0 MPa 
piezometer, 300-FT. of armored cable, and model DT2055B ten-channel data logger as 
directed by the PROJECT MANAGER. Armored cable is required. Information on the rst 
Instruments equipment is included as Appendix D. Equivalent equipment from alternative 
manufacturers is acceptable if approved by the PROJECT MANAGER. 

The piezometer will be hung on the water side of the bulkhead form and cable strung 
through the bulkhead location such that it will not be damaged during pouring of the 
concrete bulkhead. The cable will then be run on existing or newly installed hangers to the 
adit portal, and connected to the data logger installed in a secure location designated by 
the PROJECT MANAGER. 

2.12 Nail the 1/2-in. thick plywood, or particle board, against the inner form face of the 
lagging (form planks). The plywood, or particle board, will have to be cut to fit the tunnel 
roof, ribs and floor perimeter profiles and around the bypass and water sampling and 
pressure measurement pipes. 

Drive or inject caulking material into open spaces and continuously between the plywood, 
or particle board, and the rock around the perimeter of the tunnel. 

2.13 Install DeNeef tube as described in Item 10.1. 

2.14 Erect the two-way, shrinkage and temperature, 12-in. center-to-center, waterside, #6 
rebar cage, with minimum 3.5-in. and maximum 9-in. clearance from the plywood form face, 
for eventual concrete cover as long-term protection against potential sulfate attack. 

2.15 Stockpile the #9 steel reinforcing bars, 1/2-in. plywood or particle board and 3-in. x 12
in. or 2-in. x 4-in. lagging for the air side bulkhead form and the 3/4-in. Schedule 40 
stainless water sampling and pressure measurement pipe sections necessary to complete 
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the water sampling and pressure measurement pipe in the bulkhead construction area 
before proceeding with construction of the air side bulkhead form. 

ITEM 3.0: CONSTRUCT DOWNSTREAM BULKHEAD FORM 

Construct the downstream (air side) bulkhead form. No. 1 grade Douglas Fir, or equivalent, is 
required for the timber lagging, post and sill supports. This form design is based on designs that 
have previously proven successful. 

The downstream bulkhead form is nearly a mirror image of the upstream form. The construction 
sequence for ITEM 3.0 principally repeats ITEM 2.0 as set forth above. The same drawings 
as referenced in Item 2.0 above shall govern this section of the work. There are certain differences 
in the form and rebar cage construction as shown on the drawings, and in construction procedures 
as described in this section as follows: 

3.1 It will not be possible to close the access opening through the two central posts into 
the bulkhead until: 

a) The lagging, except for the access opening, is erected, wedged tight from the air 
side and caulked to the adjacent rock, 

b) The air side lagging is fitted, caulked and reinforced around the 8-in. bypass pipe 
and the air side water sampling and the 3/4-in. water sampling and pressure measurement 
pipe penetration are made through the lagging. 

c) The plywood or particle board is nailed to the lagging outside the access opening 
with a penetration hole for the 3/4-in. water sampling and pressure measurement pipe and 
the pipe sections then connected and inserted through the form, caulked and reinforced, 

d) The concrete form release compound is applied to the plywood or particle board 
outside the access opening, 

e) The two-way #9 rebar cage is erected, on 9-in. spacing, center-to-center, with 
minimum 3.5-in. and maximum 9-in. of clearance from the plywood form face, as long-term 
protection against potential sulfate attack, outside the access opening area, 

f) The vertical #9 rebars in front of the access opening are tied to the lowest 
horizontal bar and temporarily tied to the vertical bars alongside the access opening, 

g) The horizontal #9 bars, that will eventually be positioned in front of the access 
opening, will be hung from the uppermost horizontal bar, that has been carefully tied into all 
crossing vertical bars, so that the other two or three bars can be lowered into their final 
positions and tied into the cage from outside the access opening, 

h) The PROJECT MANAGER’s final inspection of the interior of the bulkhead to verify 
that the bulkhead forms, rebar cages, and pipes have been constructed as designed and 
the rebar cages and pipes are placed, supported and tied down as specified and 

i) A final wet vacuum cleaning of the bulkhead floor has been completed immediately 
before starting to fill the bulkhead form. 
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3.2 NOTE: Pulling and lowering the rebar into position in front of the access opening and 
closing the access opening between the two central posts by inserting the lowest piece of 
precut lagging, complete with the plywood and form releasing compound, can only begin 
when the concrete filling of the form approaches that level of the lowest open lagging 
position. This delay is necessary in case there is a breakdown of some kind requiring entry 
into the bulkhead form. 

ITEM 4.0 INSTALL AND REMOVE CONCRETE PUMPING AND CONVEYANCE SYSTEM 

The bulkhead concrete will be pumped from the base of the mine waste rock dump through a slick-
line.  The contractor shall furnish and install a concrete pumping and conveyance system that is 
sufficient and capable of handing the pressures and pumping dynamics associated with the 
physical project constraints and the project requirements. The pump must be capable of pumping 
the mix at a sufficient pressure to completely fill the bulkhead forms. The pumping and conveyance 
system must be sized, configured and installed to prevent blockages (i.e. through appropriate line 
sizing and pre-screening concrete ahead of the pump), and allow fast and easy cleanout of 
blockages if they occur. 

After the concrete is placed into the bulkhead forms, the Contractor shall remove the temporary 
conveyance system including removal of all piping and hoses. 

ITEM 5.0 PROVIDE AND PLACE CONCRETE INTO BULKHEAD FORM 

The CONTRACTOR shall fill the bulkhead form as a monolithic, single pour by continuously 
pumping the form full with approximately 27-cu.yd. of 4,000psi concrete. The profiling completed 
under Item 1.0 will be the basis for calculating the actual cubic yard volume for concrete required. 

The CONTRACTOR must use the concrete mix design in Appendix A for 4,000 psi, self 
compacting concrete (SCC), or equivalent as approved by the PROJECT MANAGER. Portland-
cement used in the mix shall be type V Sulfate resistant cement. Additionally, Xypex Admix 
C-1000 or equivalent shall be added to the mix design as concrete waterproofing. Xypex 
shall be added to the mix design per manufacturer’s specifications included in Appendix C. 

It is critical that the concrete be placed to prevent honey combing. It is also critical that the 
bulkhead be completed in a single, continuous concrete pour, but if the concrete filling process is 
interrupted for more than 6 hours, the Contractor must prepare a construction (cold) joint before 
resuming concrete filling by: 

a) Entering the bulkhead and using a plywood support, move roughly to the center of the 
form, 

b) Shoveling an approximately 1-ft. deep trench across the surface of the fresh concrete 
and 

c) Applying a bonding agent to the surface of the fresh concrete (such as ThoRoc's “Epoxy 
adhesive 24LPL”). 
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ITEM 6.0 CONCRETE TESTING 

A set of three 6-in diameter by 12-in long cylindrical test samples are to be collected from each 5 
cubic yards of concrete pumped to the bulkhead location. Sampling may occur at the concrete 
trucks, and is not required at the bulkhead location. 

Approximately 6 sets of three samples each are to be collected. The concrete test samples are to 
be prepared in accordance with ASTM Designation C 31/C 31M-98, Standard Practice for Making 
and Curing Concrete Test Specimens in the Field. The 6-in diameter by 12-in long test specimens 
will be molded and rodded in plastic molds, marked for identification, placed in heavyweight plastic 
bags and stored on a level surface in the tunnel near the bulkhead location. After 7 days, two 
samples from each set will be transported in carefully packed boxes to a testing lab for final curing 
in a moist room. One test sample from each set will be tested for the seven-day compressive 
strength and the other for the 28-day compressive strength. The final sample from each set for the 
second 28-day test will remain underground in a safe location as near to the bulkhead location as 
possible. After 28 days they will be transported to the testing lab for the final set of test beaks. 

ITEM 7.0 CONTACT GROUTING 

If the PROJECT MANAGER approves the 7-day mean concrete compression strength test results 
as equal or exceeding 3,000psi, the upper 4-ft. of the downstream bulkhead form can be stripped 
to provide access for drilling and contact grouting. 

ITEM 7.1 DRILL CONTACT GROUT HOLES 

Once approval of the minimum 3,400 psi, 28-day compressive strength is received from the 
PROJECT MANAGER, the CONTRACTOR can establish the Contact Grouting operations. 
Drilling equipment and supplies are set up at the downstream bulkhead location. The upper 4-ft. 
of the downstream bulkhead form can be stripped to provide access for drilling and contact 
grouting. Hole size chosen must be compatible with the contractor’s packer size and grouting 
equipment. Jackleg drilling may be used to advance the contact grout holes. Drilling must be done 
wet; water for drilling can be supplied by a jack-tank arrangement. 

Drilling Logs 

Contractor must log contact-grout drill holes on a pre-printed drilling log form, which must include 
the date the hole was drilled, the number or designation of the hole, the total depth drilled, and the 
position of the concrete-bedrock contact in the drill hole. Copies of contact grout hole drilling logs 
shall be provided to the PROJECT MANAGER.  

Drilling Procedure 

Drill one or more of the three longer concrete/bedrock contact grout holes toward known high 
locations in the adit roof area (as established by profiling in Item 1.0 above), between 
approximately 7.5-ft. and 14-ft. from the downstream bulkhead face, as directed by the PROJECT 
MANAGER. Otherwise follow the pattern shown on the attached plates. The length of these grout 
holes must be sufficient to penetrate about 6-in. into the rock, as indicated by a decrease in the 
drilling advance rate and by a change in the color of the circulation water and cuttings. NOTE: THE 
POSITION OF THE CONCRETE-BEDROCK CONTACT MUST BE RECORDED ON THE DRILL 
LOG FOR ALL HOLES. These longer holes must be grouted first. 
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Following grouting of the longer holes, drill the four shorter concrete/rock contact grout holes 
toward high locations in the granite roof area between approximately 1-ft. and 7.5-ft. from the 
downstream bulkhead face, if any are known from the profiling conducted in Item 3.0. The length 
of these grout holes must be sufficient to penetrate about 6-in. into the rock, as indicated by a 
decrease in the drilling advance rate and by a change in the color of the circulation water and 
cuttings. NOTE: THE POSITION OF THE CONCRETE-GNEISS CONTACT MUST BE 
RECORDED ON THE DRILL LOG FOR ALL HOLES. 

ITEM 7.2 ESTABLISH CONTACT GROUT OPERATIONS 

The contractor shall establish and conduct the Contact Grouting Program in conformance with 
these specifications, and generally accepted industry practice, as set forth by the Portland Cement 
Association Handbook, Cementitious Grouts and Grouting. Grout shall consist of a neat type-V 
cement grout. Mix water must be free of deleterious substances (mine discharge water is not 
permitted to be used for mixing grout). Water must be supplied from clean sources and pumped in 
from surface, or via at least two portable tanks that can be brought into the tunnel during grouting. 

Upon completion of the Contact grouting work, the Contractor shall remove all equipment and 
materials from the underground work area, including any un-used cement. 

Grouting Logs 

The Contractor must record all grouting activities on pre-printed grout logs approved beforehand 
by the PROJECT MANAGER. The log must include the date, hole number, grout mix data (W:C 
ratio and density), injection pressure, grout take in cubic feet, and all other variables used to grout 
the hole. 

Grouting Equipment 

The Contractor must batch, mix, and inject cement grout at the bulkhead location. Neat cement 
grout may not be mixed and batched at surface or pumped through the slick line installed under 
Item 4.0. A high-shear colloidal mixer unit specifically designed for batching and mixing neat-
cement grouts is required (e.g. ChemGrout CG-600/8CF/A, CG-620/A or equivalent specification 
coloidal unit). Pumping units may be positive displacement piston-type or progressive-cavity 
(Moyno) type (e.g. Chem Grout CG-600/8CF/A, CG-030, CG-L4A etc.) The unit must supply grout 
to a maximum pressure of 450 psi. (www.chemgrout.com) 

A re-circulating-type grout delivery manifold system is required. The manifold and valve system 
must allow for continuous recirculation of grout back to the grout holding tank. Pressure to the 
hole being grouted is controlled by closing/opening the return-circulation valve. Suitable 
diaphragm-protected pressure gauges with appropriate dial scales are required, and headers on 
the mechanical packers at each hole must be equipped with a gauge and shut-off or holding valve 
that will maintain grout pressure in the hole when the delivery manifold is disconnected. 

ITEM 7.3 PROVIDE AND INJECT CONTACT GROUT 

The PROJECT MANAGER must be present during all grout-injection work. The Contractor must 
record all grouting activities on pre-printed grout logs, format of which is approved beforehand by 
the PROJECT MANAGER. The log must include the date, hole number, grout mix data (W:C ratio 
and density), injection pressure, grout take, and all other variables used to grout the hole. 
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Grout Mix Design and Density Measurement 

Grout shall consist of a neat Type-V cement grout (Type-V cement and water). Cement must be 
Type-V sulfate resistant. Mix water must be free of deleterious substances (mine discharge water 
is not permitted to be used for mixing grout). Water must be supplied from clean sources and 
pumped in from surface, or via at least two portable tanks that can be brought into the tunnel 
during grouting. 

The injected mix shall have a water-cement ratio of 2:1 by weight. Depending on take and 
pressure, the contractor’s mixing and pumping equipment must be capable of varying the water-
cement ratio from 0.6:1 to 3:1 as directed by the PROJECT MANAGER. Admixtures that control 
bleed, improve flowability, reduce water content, and retard set may be used in the grout, subject 
to review and acceptance by the PROJECT MANAGER. 

Grout specific gravity and density must be measured per ASTM C109 or API RP-13B-1, at a 
frequency of no less than one test per-batch conducted prior to injection, and recorded on grouting 
logs. The Baroid Mud Balance used in accordance with API RP-13B-1 is an approved device for 
determining grout density. 

Grouting Procedure 

A mechanical or inflatable packer compatible with the hole size used in Item 7.1 above is to be set 
at least 6 inches outboard of the concrete/bedrock contact and roughly halfway up the grout hole. 
Grout injection pressure should reach at least 90 psi, but not more than 450 psi. The minimum 
grout pressure is to be maintained for three minutes or until three bags (3-cubic feet) of grout have 
been injected, or whenever grout returns from an adjacent grout hole. 

If the grout take in one hole reaches three cubic feet without reaching the minimum 90 psi injection 
pressure, grouting is to be stopped, the packer pressure released, the packer removed and the 
grout allowed to reach initial set for 8 hours. The CONTRACTOR will make an immediate written 
record of the grout take after each grouting cycle for each hole. 

If grout refusal occurs, or when the minimum grout pressure is reached and held for three minutes, 
the hole is to be grouted full and not re-grouted. If other grout holes have been drilled they can be 
grouted during the initial set time. After initial set in each grouted hole, the packer will be reset at 
the face of the bulkhead and the remainder of the hole filled with grout using a vent-tube return 
through the packer. 

A hole that had greater than 3 cubic feet of take will be re-drilled and the grouting process 
repeated after the initial grout set, as directed by the PROJECT MANAGER. The set time can be 
shortened provided the measured tunnel temperature indicates that this is reasonable, and the 
PROJECT MANAGER concurs. The grout holes will be re-drilled and re-grouted until the 
minimum grout pressure can be maintained for three minutes. 

ITEM 8.0 DENEEF TUBE GROUTING 

In addition to contact grouting, DeNeef tubes will be installed and grouted to reduce any additional 
leakage along the concrete/bedrock contact. CONTRACTOR must use DeNeef products or 
approved equivalent as described below and included in Appendix B. Consultation with the 
manufacturer’s representative is required. A site inspection by the manufacturer’s representative 
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may be required by the PROJECT MANAGER. DeNeef tube grouting shall not take place until all 
contact grout operations have been completed. 

ITEM 8.1 SUPPLY AND INSTALL DENEEF TUBE 

CONTRACTOR must supply and install 1/2-in. DeNeef Injecto® tube per manufactures guidance 
and recommendations. The tube must be continuously tight against the rock. Two complete rings 
shall be installed along the adit perimeter at locations established by the PROJECT MANAGER . 
Grout tube must be installed prior to completing the downstream bulkhead form, and must be 
attached to the rock perimeter per manufacture's specification. The injection point for each ring 
shall penetrate the formwork at the edge of the form. 

ITEM 8.2 PROVIDE AND INJECT DENEEF GROUT 

Following certification by the PROJECT MANAGER that all 28-day concrete breaks have met 
design compressive strength, DeNeef grout tubes shall be grouted. Contractor must supply and 
inject DeNeef Injecto® PURe grout and Flex Cat PURe or alternate grout product recommended 
by the manufacturer and approved by the PROJECT MANAGER. Grout shall be injected into both 
grout tube rings to reduce or eliminate any seepage along the concrete/bedrock contact. Grout 
and catalyst shall be mixed and injected in accordance with manufacturer's recommendations. 
Manufacturer's mix recommendations of 1% catalyst to resin shall be adhered to. 

CONTRACTOR shall supply and setup all equipment required to inject the grout tubes. Grout tube 
injection pressures must reach a minimum of 90 psi, but shall not exceed 450 psi. 

ITEM 9.0 STRIP FORMS AND INSTALL VALVE AND PRESSURE GAUGE EQUIPMENT 

After completion of the contact grouting program, permanent protective supports will be placed 
under and around the valve manifold for its protection. The remainder of the downstream (air side) 
form will be also be stripped, and all the removed materials taken outside for proper disposal 
during project de-mobilization. A stainless steel globe valve rated to 600 psi will be permanently 
attached to the threaded end of the 3/4-in. water sampling and pressure measurement pipe. 
Provide and install a stainless steel analog pressure gauge with a psi range of 0-600, 20 psi major 
graduations, and 2 psi minor graduations. All pipe and valve connections will be made using 
Teflon tape, or other thread sealant. All fittings, pipe, and valves are schedule-40 stainless steel. 

PROJECT OBSERVATION 

The PROJECT MANAGER will be at the project site periodically to monitor construction activities 
and ensure that each work item is completed and constructed to design specifications. It is the 
Contractor's responsibility to schedule inspections with the PROJECT MANAGER so as not to 
delay the work. The following items must be observed and approved by the PROJECT MANAGER 
before proceeding with the next step of the work: 

Item/Task INSPECTION ITEM 

ITEM 1.0 Prepared bulkhead area will be inspected, measured and profiled. Profile 
provided to the PROJECT MANAGER. 

Red and Bonita Mine Bulkhead Requirements and Specifications Page 12 



       
 

           
       
           

    
 
             

        
         

        
          

   
 

           
          

        
      

 
         

         
      

        
          

  
 

           
  

 
               

        
        

          
 

 
              

          
           

       
       

      
 

             
   

 

ITEM 2.0	 The PROJECT MANAGER will make a final inspection of the cofferdams, 
bypass pipe, bulkhead sill, posts, bracing, bolting and angle iron brackets 
and this must be approved before placing the last of the lagging, closing the 
water side access opening. 

The PROJECT MANAGER must perform final inspection of the interior of the 
bulkhead to verify that the bulkhead forms, rebar cages, and pipes have 
been constructed as designed and the rebar cages and pipes are placed, 
supported and tied down as specified, and a final wet vacuum cleaning of 
the bulkhead floor has been completed immediately before starting to fill the 
bulkhead with concrete. 

ITEM 3.0	 The PROJECT MANAGER will make a final inspection of the waterside 
cofferdam, bypass pipe, W4x13 sill beam, posts, W6x20 bulkhead support 
beams, bolting and angle iron brackets will be inspected and must be 
approved before closing the waterside access opening. 

The PROJECT MANAGER’s final inspection of the interior of the bulkhead to 
verify that the bulkhead forms, rebar cages, and pipes have been 
constructed as designed and the rebar cages and pipes are placed, 
supported and tied down as specified, and a final wet vacuum cleaning of 
the bulkhead floor has been completed immediately before starting to fill the 
bulkhead form. 

ITEM 5.0	 The PROJECT MANAGER must be present during all concrete placement 
into the Bulkhead forms. 

ITEM 6.0	 After all the seven day test results have been received from the lab, the gate 
valve can be closed and the temporary air side (downstream) bypass pipe 
can be disconnected, provided the mean 7-day concrete compression 
strength test results exceed 3,000 psi and if approved by the PROJECT 
MANAGER. 

ITEM 7.0	 The PROJECT MANAGER must be present during all grout injection work. 
Grout holes can be re-drilled and the grouting process repeated after the 
initial set time as directed by the PROJECT MANAGER. The set time can 
be shortened provided the measured tunnel temperature indicates that is 
reasonable, and the PROJECT MANAGER concurs. Drilling and Grouting 
Logs must be provided to the PROJECT MANAGER. 

ITEM 8.0	 The PROJECT MANAGER must be present during all DeNeef grout tube 
injection. 

Red and Bonita Mine Bulkhead Requirements and Specifications	 Page 13 
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Grace Construction Products 

dJ deneef" 
INJECTO®PURe 
Product Description 
Injecto PUR: is an ultra low viscosity 
hydrophobic polyurethane designed to 
be used \Viti INJECTO~ Grout Tube for 
sealing cons:auction joints. lnjKto PU'"Re 
grout expands on contact \vith \\·ater and 
quickly cure;, to a tough, flexib!e foam that is 
resistant to most ol'ganic solvents, mild acids, 
alkali, petroletWl and micro-organisms. 

P rr.ru1a:e tee· no pntnaate-o.asea pta&IJClurs 

U nregliia!ia '°' cranspOft· no nazmat sntppong 

R e11:1rmu1a:eo TOI tree-all M 0-1 oasea t.ecnno1ogy. 

e n\'rrontnentaly tnen~SFfANSI 61 approve<!. 

INJOCTO POlte when combirlcd wilh l=ICIC O.t Mc is c:crti-
lied b)' WQA to NSl=/AN:SI 61 f0t materials ~fcty only, ll$ 

\'elified and $UbSUol\ti11tcd by test d:iu.. 
Plc.11$C tdcr to 'NQA ~-.wcp..org) for u$C ratios 

11nd lirrit:it ions 

Product Advantages 

Contains no volatile solvents 

Sing le Con1ponen t 

Contro lled reaction time 

Improved lcw temperature performance 

Flex Cat PURe liquid to -40~F 

Applications 
•RepaiJ:ing existing !eaky j oints 
•\\tat erst op for ne'v concrete struchlres 
• lnjKtion tluough these grout tubes to fomt 
a flexib!e \\·aterstop in concrete joints: 

INJECTO® Tube 
SIS INJECTOll> Tube 
BENTOJECT 
TRJOJECT 

Properties 
lnj ec to PURe Grout 

"""' 100% 

Vl6.C0$1!y 200 cp& at 77°F 

COior Pale Yellow 

Den&l!y 1.02 grcmJ 

Fla&npoirn >2"70°f 

corrosiveness Non~&IVe 

Flex Cat PURe 

Vl6.C0$1!y 1Sq>5at n ° F 

COior Clear to pare gray 
Flainpoin: 221°F 

lnj ec to PURe Cured 

Den&l!y :ree al>OU'! 3 PCF 

Ten511e >174p$1 

E1on93tron % 100 

ASTM 02369 

ASTM 02196 

ASTM ~6S.9 

ASTM 093 

ASTM 02196 

ASTM 093 

ASTM 0357~ 

ASTM 0357~ 

ASTM 0357~ 

Packaging & Handling 
lnjKto PURt: 5 gallon m etal pail 

50 gallon metal dnun 
f lex Cat PUR.e: 25 fl.oz.. in 1 qt. metal cans 

lnjKto PURt is sealed under dry nitrogen 
because it is :;ensitive to moisture, and should 
be stored in 01iginal containers in a chy area. 
Storage temi:ei-ature must be between 40°F 
and 90°F. Orce the packaging has been 

opened, the t1Seful life of the mateiial is 
p-eatly reduced and should be used as soon as 
possible. Sh~lflife : 2 years. 



  

Installation Guidelines 
'';arning: C:Onsult the Technical D ata Sheets 
and ~1SDS before using. 

ln$t:tll:trion ln'Zt ru('tiou.;: For detailed 

installation instiuctions refer to the D eNeef 
technical bulletin for yow· application. 

Catalyst: Shake catalyst can 2-3 minu tes. 
Pour the desired amount of lnjecto PU~e into 
a clean dry pail. Measw-e 1 o/. F!ex Cat PURe 
and pour it into the pail StU.- until adequately 
mixed. Exceeding the recommended amount 

of catalyst ma}' adversely affect the reaction 
and quality o f the cured foam. (1 catalyst can 
c apfu!=0.5 oz:; 1.3 oz/gal resin = 1 o/•) 

Injection: lnj K table tubes should be 
adequately flushed \vith \Yater prior to the 
inj K tion of grout. During injection the 
grout \\'ill follo\v the path of least resistance. 
When the mata i al has stopped penetrating 
it \vill continue to expand against the limits 
of the confined space and compress \vi th.in 
itself; forming a dense, closed cell foam. See 
Il.JJECTO Grout Tube Installation procedures 
for more detail 

Extreme conditions: For application 
proce-dures in extreme tempera.nu-es and 
specific en\:ironments or equipment 
1-ecommendations call the De..':\'lleef Tecbnical 
Sen:ice Department. 

Clea.niu g: Clean all tooh and equipment 

\vhie:h ha\'e been in contact \vitb the resin 
\vi th De..':\'lleef \\.'ashing Agent before 1-esin 

bas cured. Products should be <fuposed of 
according to local, s tate, and federal la\\·s. 

www.deneef.com 

Technical Service 1 -800-732~1 66 

Health and Safety 
P.l,vays use protKtive clothing, gloves and 
goggles c onsistent \\<ith OSHA regulations. 
ft.void eye and skin contact. Do not ingest 
Refer to MSDS. For emergencies, call 
CHEMTREC 1-&00-424-9300. 

Limitations 
l ow temperatures \\0ill significantly affKt 
\lscosity. lnjKto PU'"Re is not designed for 
\'Oid filling and must be used in compression. 
I:· site temperatures a1-e extremely !o,v, heat 
bands or heated \\·ater baths may be used on 
the paih before and during installation to 
maintain the product 's temperature. Avoid 
S?lashing \\' a.ter into open containers, as the 
mateti al is \\'atet· acti\rated. Avoid exceeding 
900F \vhen \\' a.tming. 

CAUTI01': pH 1\0 TICE. Water used to 
a:ti\ra.te PURe Grouts must be in the pH range 
of 3-10 foroptimwn foam quality. 

Rn 02/2013 

\'\"e ~ t l'lc WOrm;soon fl~ .,111 ~ Mtf'lll. II b l:.Y.~ on 0Jt4 ¥4 Vlc .. ~eelelc con::.lO'ctl!d Ill tie ~ ~ lltt~~ 11nc1 b c~~ to! IJLc u::.~· 

~IClel'llOOll. rwe~l'Q.ll:IOt'I ¥4 vertf!Q! on. to;t we °' no! .,..,mint ate ~7.1~ Ill tic ott:lln«I. ~c rc11" 111 ~b!~cnl::i. tttommcno::ioon::. Ot" 
::u~oon::. 1n c~ -.ttl'I our con~ ot ::.11~. ·.nx n ;:,s:ig1y Ill 111 to00::. ~led t>y u::.. N:i ::.':.ll~t. iecommcno::ioon Ot" ~UO(lc-:;t!On !::; 
11'1~ tOt" ::iny u~ wnx n .. '«lo lnfl'lflllc ::iny Pll!Cfll or t~flL w. R. ·~cc & CO.~n- 62 'Nril:kmorc A-Ycnue. C::im~~. MA C-114(). 
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Grace Construction Products 

r:IJ deneef· 
INJECTO® Tube 
Groutable Hose Waterstop System 

Product Description 
INJECTO is an injec table waters top system 
that provides a conduit for the placement of 
DeNeef chemical grouts. The %" ( l 2UlUl) 
peim eable tube is installed before the 
concrete pow·, but not inj eeted until after the 
shrinkage associated l\;_th the cwing concrete 

process is complete. This allol\'S the cracks 
to open fully before pennanently sealing 
the interfaces and voids t\'ithin construction 
joints, pipe penetrations, slurry walls, and 
slab connections with ehewical p-out. 

Rg• re 1. ln)tdo "hbe Kl. 

Product Advantages 

Fast, simple installation 

No special tools required 

Low pressure injection 

Permanent seal a fter injection 

Injectable anytime after concrete cure 

INJECTO System Warranty 

Applications 
• Sealing cold and construction joints 

• Sealing pipe penetrations 

• Sealing joints benveen slurry walls and slabs 

INJECTO Tube may be used \\'ith the 
following chemical grouts: 

• Flex SLV PURe \\'ith 1 o/. Fle:"t Cat PURe 

· Flex LV PURe t\'ith 1% Flex Cat PURe 

• Superfie:"t AR Acrylate prepared according 
to data. she~e.f. 

Properties 
Typical Properties 

OU'l61Ge Dtame-:ff 112 1ncn 

1nstoe Diameter s.r16 ricn 

'"'9"' MaXlml.l'l\2Sn. 

\Veignt 4.5 ltl6 per 25 rt 

Opera;sng tempaanse Up to 15t.• f 

ttnslle strengtn steel w ire Approx. 261,000 p&I 

Ofame-:er tl:H pores 35 microns 

N$: Tho d.l!ll '21.0'll":lo lbO\·t l'llfc.:t~ l)fi~ !$w.lu b.utd c:i. 

Uibon.:ory trio~~ w:dc.: c.o~lltd c«lif.'ricc.:.. b.l~a.1ibtG: 
t'1-'"it:ioll$ f:cc:: W d.l!ll ~O'll":lo l.bo\"t may ron1h. 

Packaging & Handling 
INJECTO Tube is supplied in 100 ft. kits 
to allow the system to be cut to length on 
si te. The maximum recommended cut length 
ofINJECTO Tube to be installed between 
packers is 25 fl (see figure #1) 
Yellow INJICTO Tub., 100 ft. 
Clear P\ "C Packer Tubing : 18 ft . 
Blue trumpet.;: 12 pieces . 
. .\nchoring clips: 100 pieee.s. 
I Pallet = 40. I 00 ft. kits = 4000 ft. 

Unlimited shelf life \\•hen stored in a dry 
place. 



 

 

lnjecto Tube Construction 

A high stre:Dgtb spiral "\\'ire coil {l) preYent 
colhp'.;.e dunng concrete placement, while 
the n.on-\\•oven filter membl'ane (2) preYents 

the tube fiom being clogged with concrete 
particles. A bnght yellow reinf o~d mesh 
:;!ee\·e (l) protect the tube and allows for 
e~-y inspttnon before the pour. \Vhere'\·er old 
to new concrete surfaces Joln, the L'f JECTO 
Tube ~em can be easily m:>talled. 

staU ·n t: . c1.· e 
Th.eye ow ~1JECTO Tube is installed onto 
the hardened concrete dmmg fonnwork 
in_-tallation. In ca.:;e of rough .mt-faces, any 
gap between JNJECTO Tube and the 5\ll'face 
should be filled wdb S\VELLSEAl. ~\\~~ -

The yellow NJECTO Tube is cut to the 
required length on rite job me. (recomme!!ded 
length _5 ft. or le:.:;s). The cut e.n& are 
~oothed with a twist; then the blue trumpf!G 

are in:rt.alled over the yel ow JNJECTO Tube 
and screwed down to the sfop mark inside the 
h"ompet (Figw-e 3) 

The yellow DUECTO Tube is attached to the 
concrete with the anchoring clips between 
the inner and outer reinforcing bars . Attach 
the anchoring chps to the concrete every 12 
inches with concrete anchors or na.ils applied 
with a pO\\"der actuated ~tem (see figmes 5, 
6 & 7) 

The blue trumpet pro10-ide a colllle<:tion 
betwE!4m the yellow IS"JECTO Tube md the 
clear packer tubing. Thunpet on adjacent 
nm:; should be mstalled with the wtde ends 
of the trumpeb (where the yellow INJEC'TO 
lube· is attached) in line with each other and 
the m.ro trumpets. separated by 2-3 inches 
c~ figme S) . This will help a\.'Old cross 
conrammation of the yellow INJECTO Tube:-; 
during the grouting operanon. 

th blU3 trump ta 



 

Ahl'i:)-s tumuute the )·dlow INJECTO Tube 
into a bum.pet and allo\\• for a minimum 
of2-lf2" of concrete cover, Do uot run 
the. )·e.11ow INJECT O Tube. out:rlde. the. 
form.work. 

• .:\rtach di. clt.zr p.acker NbmJ O\"« the 
serntl!d. t.nd of the tnanpm. Then cm 
the appropriate. length ofpackt.r tubing as 
required to re;ach a fo1mholdtr packer or 
to extend outs:ide the form.work. The clear 

packer tuba.a.a: ~d be SKUAd with tie \\.U. 
to tbe aW 10 pn\-eo:t mcn-.mlflll during the 

pom: 

The fonnholdH packers can bt t ither nailed 
to wooden formu·ork or a.ttacbtd to the 
re bar with ~tel rie \\-ire if mttll forms are 

used. If fOrmholder p.a.cke..n are ~ att.tch 
the clur packer tubing d.irKdy .., man If 
the clN.r packer rubin.g is ~ nm outside. 
the forml\·ork. protect the opto ends \\rith 
a plastic cap or tape and t<ake wtastueS to 
protect tlwm from damage. durmg fonnwork 

installabOD and stripping. 

Tu. INJECTO T abe Syst.m " .dul £or 
Wlique. ~problem dewh ~ .as pipe 
penetra.tions md attaching to eon,'Utional 
PVC u·atentops that m ay encounter very high 

head P"'!,:urts (see figure.~ 9 and l 0). 

CAUTIONS: 
I. Tho ytllow INJECTO Tubt must be 
inst:alJed Ul due« COatlC:t 111"l.tb lb joint 0\-U 

;,. full loncd>, 10 allow -· """ <Olllple .. 
distzibu.non of the inj ection re~. If the 
concrete. i~ not smooth e.nous;b to allo\\' full 
contact. w.t S\VELLSEAL •WA to create 
a smooth ~;ace.. Pte-;.o; INJECTO into the 
SWELLSEAL \\'A. 

2. Do noc c:ro~s the )-ellow INJECTO 
Tube~. Yellow should nn-.r touch )'ellow or 

cros~ coot:u:nination could occur during the 
groutinc operation. 

3. Tho md5 a.od bqi=1> of )-.!low 
INJECTO Tube laigths oho..i.I be done u m 
fi.gurv 4 a.ad s to prin-enl cro~ contamin .. tioc 
during th• res.in injection process. 

•• 
• • 

-

,, ... ,_~ .. 
• • • 

• . ~; · • • 
• UI p 



 

 
  

4. Concrete covet'age must be a minimum 
of2 ~,.. on all sides. After concrete has 
cw'ed for the recommended 28 days, any 
l\·ater infilb-ating into the joint l\eiU be 
collected by the system and appear through 
the clear packer tubing, The tubing should 
either protrude out of the conct'ete at e.a.sily 
accessible places or be conneeted to a 
formholder packer. 

The INJECTO Tube system is designed to 
provide a delivery system for wateiproofing 
resins, l\tbich are inj ected into the s.tructw-e 
in accot'da.nce l\ith the instructions found in 
the selected injection resins technical data 
,h.,t<. CoMU!t "'th th• D•NHf T.ohnieal 
Department for assistance in selecting the 
approptiate sealing resin fol' each condition. 

Health and Safety 

www.deneef.com 

l l'Ohnieal SHvie• 1~00·7l2~1GG 

Always use proteetive c lothing, gloves and 
gog.gles consistent l\eith OSHA regulations 
dwing use. Avoid eye and skin contact. Do 
not ingest. Refer to Safety Data Sheet (SOS) 
for detailed safety precautions. 

In the e~ent of an Ei'.\fI.RCEt\CY ('all: 

CHEMTJUC 800-4!4-9300. 

Limitations 
F.\JECTO Tube l\·aters.top system must be 
installed by an Approved De..~eef INJECTO 
Applicator in accordance l\+ith the· INJI.CTO 
Manual for \Varranty to be effecti,·e. Concrete 
cover must be a minimum of2 ~"' on all 
sides. 

RitVIMG 0412013 
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® ADMIX C-1000 

Description 
Xypex is a unique chemical treatment f or the water 
proofing. protection and improvementoi ooncrete. XYPEX 
ADMIX C-1000 is added to the ooncrete mix a.t the time 
of batching. Xypex Admix C-1000 consists of Portland 

cement. very fine treated silica sand and various active. 

proprietary chemicals. These active chemicals react with 
the moisture in fresh ooncrete and with the by-produC1S 
of cement hydration to cause a catatytic reaction which 

generates a non-soluble cryst:t.,e formation throughout 

the pores and capilary tracts of the ooncrete. Thus the 

concrete becomes permanen1'y sealed agaflst the pen

etration oi water ori quids from any direction. The concrete 
is also protected from deteriorafun due to harsh environ
mental oonditions. 

Xypex Admix C-Series 
The Admix C-Series has been specially fonnulat ed to 
meet varying project and temperature oonditions. Xypex 

Admix C-500 is specifically fonnulated to meet modem 

concrete practioes tha.t incorporate additives such as fly 
a.sh and slag. For most concrete mix designs adding the 

Admix C-500 wil have minima.I or no effect on setting 

tine. Xypex Admix C· 1000 is designed for typic:tl Portland 

oement-rich concrete. where nonnal to a mild re tarded set 

is de~red. Xypex Admix C4 2000 is des.jgned for prc>;ects 

where ertended retardation is requftd due to h igh am~ 

ent temperaues or Song ready-mix delivery times. See 

Setting Time and Strength for more det.:tits. Const.ft with 

a Xypex technical services representative for the most 

appropriat e Xypex Admix for your project. 

Recommended for. 
Reservoirs 
Sewage and Water Treatment Plants 

Seoondary Containment Structures 

Tunnels and Subway Systems 

Undergroood Vat.Its 

Foundations 

Parking Structures 

Swimming Pools 

?recast c ,omponents 

Advantages 
Resists extreme hydrostatic pressure from either 

posffive or negative surface oi the ooncrete 

Beoomes an integral part of the substrate 

Concrete Waterproofing By Crystallizat ion .. 

0 7 160 I CEM ENTITI OUS CRYSTALLINE 

Concrete Wa.t erprooOOg 

Highly resis.t:tn t to aggressive chemicals 

Can sea.I stltic h a.irtine cracks up to 0.4 mm 

Allows ooncrete to breathe 

Non-toxic 

Less cosdy to a.ppty than most other methods 

Permanent 

Added to the concrete at tine of batching and 

therefore is not subject to cfima.tic restraints 

Increases flexibility in oonstruction scheduling 

Packaging 
XypexAdmix C 4 1000 is packaged in 60 lb. (27.2 kg) pail s 

and 50 lb. (22.7 kg) bags. Admix c ,.1000 is also avail· 

able in cartons cont.:tin.ing 10 lb . (4.5 kg). 12 lb . (5.5 kg). 

and 15 lb. (6.8 kg) sol.Ible bags. For specific proje.as. 

cont.Jct the m..vklfacturer for avaJa.bility of custom sized 

packaging. 

Storage 
Xypex produc:ts must be stored dry at a minimum tem· 

pera.ture of 45-°F (7tC). Shelf life is one year when stored 

m der proper conditions. 

Dosage Rates 
Xypex. Admix C4 1000: 
~ • 3% by weigh t of cement 

Xypex. Admix C-1000 NF (No Fines Grade): 

1% • 1.5% by weight of cement 

NOTE: Under celtlin conditions. the dosage ra.te for No 

Fines Grade m ay be as low as 0.8% depend.ing on the 

quantity and type of to tal oementitioos materials. The 

maximum use level is 2% by weight of oement for potab le 

wa.ter applications. 

Consuft with X ypex"s Technical Servioes Department for 

assist.Jnoe in deterrn.ining the appropriate dosage rate 

and for further information rega.rd.ing enhanced chemical 

resistance, optinwn concrete pertonnance. or meetilg 

the specific requirements and conditions of your proje.a. 

Test Data 
PERMEABILITY 
U.S. Army Corps of Engineers CRD ~73, 

"'Permeability of Concrete". Avites Engineering Corp .• 
Houston. USA 

Two ooncrete sa~les oontaining Xypex Admix at 3% 

and 5% respectively, and an untreat ed oontrol sa~le 



 

 

were tested for water pennea.bility. Both the treated and 

untreated samples were subjected to a pressure of 150 
psi (350 fl water head). Results showed moisture and 

pennealed water throughout l!he untreated sample after 

24 hours. However. the Xypex Admix samples showed 

no leakage. and water penetration oi ooty 1.5 mm after 

120 hOU'S (5 days). 

U.S. Army COip5 o f Engjneers CRO CUJ.73, 
"Petmeabil"il)' of Concrere". Secsoo Set'vices. Pre Lrd .• 
Singapo<e 
Six Xypex Admix-treat ed and six untreated concrete 

samples were test ed for water penneab ility. Pressure 

was gradually increased ovel' five days and then main· 

b i'led at 7 bars (224 ft. water head) for 10 days. While 

the six reference samples s'howed water leakage be· 
ginning on the fifth day and increasing throughout the 

test period. the Xypex Admix sa~les showed no wal er 
leakage al any time during the test. 

DIN 10'8. "Water lmpenneabi.liry o f Concrece". 
DICTIJ SA. Oepc. o f Engineering and ConsuucDonMgt., 
Santiago. Chile 

Concrete sa~les 120 mm thick oontaining XypexAdmix 

were tested with the same s ize reference samples for 
water impermeability. Sa~les were su t>;ected to hydr~ 

static p resswe for 28 days. W ater totally penneated the 

untreated samples but no wat er penetration was detect· 

eel in any of the Xypex Admix-treated samples. 

COMPRESSIVE STRENGTH 
ASTM C 3S. "Compressive Strength o f Cylindrical 
Concrete Specimens". HBT Agra. Vancouver. Canada 

Concrete samples oonbining Xypex Admix at various 

dosage rates (1%, ~ and 5'%) were tested against an 

untreated ooncrete control sample. Co~ressive strength 
test results after 28 days ind icated a significant strength 

increase in the samples inoorpora ting Xypex Admix. The 

oompressive strength increase varied between 5% and 

20% (depending on the Xypex Admix dosage rate) over 

that oi the referenoe sample. 

ASTM C 3S. "Compressive Strength o f Cylindrical 
Concrete Specimens". Kleinf.elMr Laboratories. 
San Francisco. USA 

At 28 days. the oompressive s.vength test of the concrete 
contJining Xypex Admix meas-ured 7160 psi as compared 

to the reference sample at 6460 psi (a 10% increase). 

CHEMICAL RESISTANCE 
.ns. "Chemica.I Durab;lh:y Tesr". Japanese Utiliry 
Company. krhouse Test Report. Tokyo. Japan 

Concrete samples containing Xypex Admix were tested 

against five samples contain ing other admixtures and 

against a control sa~. to detennine resistanoe to cor· 

rosior:i and deterioration caused by contae¢ wttti aggres· 

sive c hemicals. All samples were soaked in a 5% sutfuric 

acid solution at 2()C'C: for six months. Various evalua tions 

and m ea.surements were a.ssessed every month during 

the test period. including: photographic comparisons. 

rela ti\l'e dynamic modults of elasticity. percentage change 

in lenigth. ~ht and Hexural rigicfily. Although the Xypex 
Admix sample was subjected to acid oonditions well out· 

side its published range. the results confirmed Xypex with 

lhe best perfonnance among the seven samples tested. 

"Sulfi.Jric Acid Resistance Tesr". 
Aviles Engineering Cotp0rar.ion. Houston.. USA 
Concrete samples containing Xypex Admix al different 

dosage rates (3%, 5% and 7%) were tested against 

untreated control sa~les for sutfuric acid resistance. 

After immersion in the sulfixic acid. each sa~le was 

tested for weight b ss on a daily basis until a weight 

loss o f 50% or a definite response trend w as obtlfled. 

The peroenbge weigh t loss o f the samples containing 

Xypex Admix tested significantly lower than the control 

samples. 

"Sulphate Resistance Tesr". 
Taywood Engineering f..td.. Penh. Australia 

Xypex Admix·treated concrete sa""les were immersed 
in an ammonium·st.lphate solrtion and tes.1ed for -resis· 

tance in a harsh environmeni-. The performance o f the 
Xypex crystalline technology was oo~ared with five 
ocher concretes. incb:fing one contaiiing a sulphate

resistant oement. Each oi the test sa~les was cured for 
sever:i days and then pboed in an ammonium·sulphate 

solution (132 gi'litre) for 180 days. The ra.te of corrosion 

was determined by measwing weiWit Sos s. and length 

change was noted on a weE>kty basis. The Xypex crys· 

talline technology substantilly i~roved concrete perfor· 
mance as compared to the reference ooncrete and test ed 

very similar to lhe sulphale-resistantconcre:te. The Xypex 

Admix·trea1ed samples also provided the h ighest level of 
protection as measured by change in lengt h. 

FREEZE/THAW DURABILITY 
AS1M C 666. "Freeze/Thaw Ourabiliry". 
Independent Laborarory. Cleveland. USA 
After 300 freeze/thaw cycles. the Xypex Admix·tteated 

samples indicated 94% relative durabil ity. 

POTABLE WATER EXPOSURE 

NSF 61. "Drinking Water S)'srem Componient·Healrh 
Effecrs". ti SF International. Ann Arbor. USA 

Exposure testing o f poc:able water in cont.Jct with Xypex

treated sa~les indicated no harmful effec:ts. 

XYP E X ADM I X C · 1 0 0 0 P R OD U CT DA T A 
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