 SEQ CHAPTER \h \r 1Seafloor Cementing Operations with Alvin, September 2006
(IODP Site 1301)

I. Background


In the summer of 2004 two new holes were drilled through sediment and into basaltic basement (1301A and 1301B) during IODP Exp. 301 (Fisher et al., 2005a). Drilling operations included the deployment of borehole observatories in both holes using a modified CORK II configuration (Fisher et al., 2005b). This configuration requires that the nested casing strings be sealed, either in the subseafloor by pumping cement down the drill string to depth or at the seafloor where mechanical seals are employed. Sealing the permeable basement from the overlying bottom seawater is essential to the experimental design that focuses on hydrologic testing of the upper oceanic crust. Unfortunately, cementing operations during IODP 301 were ineffective, losing much of the cement to the permeable formation, and mechanical seals at the seafloor were inoperable as delivered to the ship in Astoria, OR.


Given the deep depth of drilling IODP Hole 1301B, significant amounts of surface and bottom seawater infiltrated and cooled the formation, altering the local hydrologic setting. In response to this influx of seawater the local formation became under pressured, drawing bottom seawater into the formation at a sufficient rate such that the formation has not been able to return to its natural state. During the summer of 2005 a combination of pressure and flow meter measurements confirmed that bottom seawater enters and descends both holes. Data from 1301B collected in 2006 also confirms this flow of seawater water into the crust.


Immediately, after Exp 301 there was a push to have the JOIDES Resolution return to both boreholes and fill the reentry cones with cement, thus sealing the basaltic formation from overly bottom seawater. The JOIDES Resolution was scheduled to return to both holes in November 2005; however, poor weather conditions and a weather forecast for continued poor weather caused the cementing operations to be canceled.


During the Fall of 2005 discussions focused on the best approach to seal the boreholes without a drilling vessel, given the scheduled hiatus of IODP drilling operations and the anticipated renewed drilling in late 2007. These discussions focused on using an ROV or submersible to deliver material to the seafloor to seal the borehole. Initial discussions centered on epoxy and cement. During the Fall Meeting of AGU in December, we formulated a plan to seal the boreholes using a submersible to transfer materials to the base of the wellhead below the ROV/Submersible landing platform to the 5/16" gap between the 16" casing and 10.75" casing through which bottom seawater to decends into the formation. In consultation with Pat Hickey, MBARI’s ROV pilots, and industry experts contacted by Tom Pettigrew we aborted any attempt with epoxy because of the lack of experience in using epoxy in deep cold waters, the short set time for surface mixed epoxy, and the elaborate measures that would be required to supply the amount of epoxy that would be needed to seal the boreholes.


The general plan was to rebudget an NSF award granted to the University of Alaska Fairbanks (UAF) to include a subcontract to Stress Engineering. This subcontract would then allow Tom Pettigrew to assist in the planning and fabrication of a delivery system, determine what cement mixture should be used, and participate on a four-dive cruise in September 2006 (Appendix 1).  In concert with Pettigrew’s efforts, Geoff Wheat would conduct a variety of tests with cement mixtures to guide the final content of the cement slurry.

II. Shore-based Activities

During the first week of January 2006, UAF began the re-budget process. An initial estimate for the cost of Pettigrew’s participation was provided as guidance. Unfortunately, the re-budget process was not completed until the last week in February, dispite the quick (one day) response from NSF. Immediately, UAF began the process of setting up a subcontract with Stress Engineering. This process took 3 months and required input from attorneys representing UAF and Stress Engineering. During this period, Pettigrew could not work on the project, because he needed an account number to charge his time. However, we continued our discussions and made many phone calls to cement and submersible experts. By early June plans for a Cement Delivery System (CDS, described later) and a first-cut operational plan were circulated among scientists interested in the boreholes and the National Deep Submergence Science Group at Woods Hole Oceanographic Institution. There were no concerns raised for either the CDS or the general plan. Concurrently, Pettigrew engaged cement experts that seal boreholes for the oil and gas industry (BJ Services, Inc.). BJ Services is an internationally known company based in Texas with one branch office in Bakersfield, CA.

A. Cement Mixture
Prior to getting information from BJ Services, I worked with the recipe used by Paul Johnson and Mike Hutnak to cement a flux meter to young basalt. Johnson and Hutnak mixed the cement on the ship and sent it to the seafloor in baskets secured to Alvin. Their recipe consisted of:



Coarse sand - 55.2 lbs



Fine sand - 53.9 lbs



Cement (Portland) - 23.43 lbs



Flyash - 4.14 lbs



water - 12.88 lbs



plus Daratard (commercial retardant) - 103.4 milliliters

This recipe fills four boxes that were 11" x 6" x 7.5" inside dimension. Wheat talked with local cement experts to purchase a retardant (Daratard is only sold in Washington and Oregon and is sold under a different name in California). These experts suggested eliminating the Flyash because this acts as a filler and decreasing the amount of coarse sand because it will settle without continued mixing. Sand adds strength to the concrete. This general scheme was tested but the mixture did not pour. I modified the mixture to increase the water and decrease the sand in order to make the slurry flow. At this point BJ Services arrived at a cement recipe for me to test.


Initial responses from BJ Services were slow. Without their input we did not go ahead with fabricating the CDS because we didn’t know if a piston was needed to push the cement from the reservoir (a 55-gallon drum), or how large of a valve was needed for the cement to flow freely. Finally exchange of information was too cumbersome going through Pettigrew to talk with either Dale Doherty or Todd Eberhardt at BJ Services. Doherty and Eberhardt were conducting tests in July to get a cement mixture that would not set up and still pour after one hour at 60F (outside ship temperature) on the deck of the ship and 4 hours at 40F on the seafloor. At the end of July they had a mixture to be tested. I drove to the plant in Bakersfield, CA and purchased the appropriate materials. The initial recipe was:



Tap water 20.55 gallons



Type III Portland Cement 282.0 lbs



BA-90 amorphous silicon dioxide 28.2 lbs



CD-32 Blend of chemicals that act as a dispersant for cement 2.3 lbs



BA-10
polyvinyl alcohol (cement bonding additive) 1.15 lbs



R-3 (unknown) 14.1 lbs

Cement slurry tests were conduced in 5-gallon buckets in Moss Landing, CA. Tests consisted of weighing out the 5-part solid mixture, measuring a defined aliquot of water, combining the solid mixture and water, and subjecting the mixture to a seafloor simulation. The simulation consisted of placing a 3.5-gallon cement slurry in a 5-gallon bucket. This bucket had a either a 2" or 4" or 6" hole near the bottom but on the side of the bucket. A section of tubing was placed in this hole and lead to another 5-gallon bucket suspended 6' to 10' below. This second bucket had a hole in the bottom and a wooden platform that was suspended above the bottom using two 4" lengths of standard 2" x 4"s. The platform had a 5/16" slot in the middle to simulate the slot in the actual borehole (Figure 1). Tests consisted of submerging the second bucket and tubing in Moss Landing Harbor and placing a cement slurry in the first bucket. The first bucket is then lowered so that the cement slurry is 3 cm below present sealevel, thus the flow of cement from the first bucket through the tubing to the second bucket is strictly density driven. The cement slurry is then allowed to flow into the second bucket. The goal of these tests was to determine the amount of water needed to be mixed with the solids to produce a cement slurry that would flow from the first bucket through the tubing and into the second bucket and form a solid seal in the second bucket.
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Figure 1. The two buckets were just pulled from the Moss Landing Harbor after 2 days. Note the standing water above the cement indicating a good seal that keeps this water from flowing out the hole in the bottom of the bucket..


Tests were conducted in Moss Landing harbor for 4 weeks. The final slurry included fiberglass screening that was cut in ~0.5" x 0.5" squares. Fiberglass screen was needed to help bridge the 5/16" slot and was chosen because of its density and inability to move through the slurry once mixing ceases. Results from the final slurry mixture are shown in Figure 2. This cement slurry was allowed to harden for 2 days in Moss Landing Harbor before being retrieved and split as shown in the figure.
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Figure 2. A. The cement plug is removed from the lower bucket revealing the hole in the bottom of the bucket, the hardened cement that formed above the wooden platform with a 5/16” gap milled into the wood and suspended above the bottom of the bucket with 2” x 4”s. B. A close up of the cement after breaking it apart. Notice the fiberglass screen.


Given the results from the cement slurry mixtures, Doherty and Eberhardt developed the final mixture that was to be used at sea. The tests in Moss Landing were designed “to achieve the proper viscosity that we will need at the wellhead. During the actual job the cold temperature will cause the slurry to jell severely. Using this we will be able to mix the slurry on the boat during the job much thinner than what we are using on the test mix, the use of the thinner slurry allow us to achieve the longer gellation period that we need.” The final mixture required additional tests in their facility, resulting in modifications from the initial slurries. This final mixture took into account the temperature scheme outlined above and the results from the tests in Moss Landing harbor. Even with this testing they were unsure of complete success, because no one has attempted such an operation. Nevertheless, they were enthusiastic about the project and requested digital media for a paper that they hoped to submit to a cement-related technical journal.

 B. Cement Delivery System (CDS)


Our original concept for the CDS was a piece of 12" or 16" PVC held vertically, into which cement would be placed on deck. The PVC would be lowered to the seafloor using flotation and positioned over the reentry cone, and then a pin would be pulled at the base of the pipe, allowing the cement to flow into the desired location. It became apparent early in the planning process that a more sophisticated approach would be required for several reasons. First, it would be necessary to deliver at least 1-2 barrels of cement to the cone to have any hope of sealing the gaps around the well head, and a single piece of PVC pipe could not supply this amount of cement without being too tall to manage on deck and with Alvin. Second, there would need to be some kind of tubing that could be used to target the cement accurately, to make sure that it would flow where desired. Also, there needed to be a way to hold the reservoir vertical during all operations, and to keep it from floating away once the cement was released. We also thought that there should be some kind of piston mechanism to force the cement out of the reservoir, and a valve rather than a "pull-pin" to release the cement. A summary diagram of the CDS is attached as Appendix A (separate PDF file).


After considering these and other aspects of the planned operations, Pettigrew designed a CDS based around a 55-gallon barrel, with an external frame to stabilize the barrel and facilitate handling, and a flexible hose at the base below a funnel to be used in targeting the cement slurry in the cone. Once the plan for the CDS was complete, we identified a vendor to prepare the parts. We had originally planned to have two CDSs constructed in advance of the the Alvin expedition, but as often occurs, delays led to the delivery of the CDSs prior to sailing. 

C. Planning and Port Call


While the CDS was being fabricated, Keir Becker attended the pre-cruise meeting at WHOI, and Pat Hickey and Bruce Strickrott provided a modified operational plan based on input from the WHOI office and the meeting with Becker. Wheat participated on the Alvin expedition just prior to the cementing operations. During this expedition Wheat talked with Hickey and Strickrott about the planned operations. Several changes were made to the CDS and operational schedule.
Operational Plan: Alvin Dives 4246 and 4247
1. Locate wellheads (they are 39 m apart) and the cement package with the sonar.

2. Get submersible light.

3. Drive to cement package.

4. Drop descend weight using the pull pin.

5. Place forks in the cement package

6. Drop other weights to get the cement package about 50 pounds negative.

7. Drive to the wellhead (1301 B). It has a grate with a slot in it. It also has the paint job.

8. Land cement package on the platform.

9. Place the hose in the slot.

10. Ascend to the blue hook attached to the lower floats

11. Remove the BLUE hook and line and attach to the wellhead on one of the side cutouts.

12. Drive up and cut the WHITE line (It is 3 feet long with D rings on both sides, a float beneath and a line above). Careful as this will place about 650 pounds of buoyancy on the wellhead.

13. Drive down to the sub platform.

14. Pull pin to piston on the top of the 55-gallon drum

15. Pull pin in the arm to open the ball valve.

16. Open the ball valve. Leave it open but make sure that it will not hit the wellhead as it ascends.

17. Remove the hose from under the sub landing platform and place in holder on the cement package.

18. Attach the RED hook to the D ring on the blue line just above the lower 3 foot section of the BLUE line.

19. Warn the bridge that the cement package is ascending

20. Cut the 3 foot section of the BLUE line and watch the cement package ascend.

21. Depending on the time head to 1026B (~1 km away to N) or 1027C (2.2 km to NE) to download data

Dive Targets.

1031A   47° 45.210’N     127° 45.833’W

1031B   47° 45.228’N     127° 45.827’W

1026B   47° 45.757’N     127° 45.548’W

1027C   47° 45.387’N     127° 43.867’W

During the 4-day port call before the cementing operations, Wheat remained in Astoria to complete rigging the floats and lines and test the cementing mixing procedure using a rented cement mixer. When Becker and Earl Davis arrived a batch of cement slurry was mixed and placed it in the CDS. We then weighted aspects of the flotation, cement slurry, and the CDS in air and in water to check calculated weight and buoyancy estimates. The mixture took about 1 hour to mix and secure within the CDS with ~44 gallons of slurry using 32.25 gallons of water per MIX as directed by Pettigrew.

5 sacks of Type III Portland Cement (94 lbs per sack)


1 bag of BA-90 (44 lbs per bag)


1 bucket of chemical blend (3 lbs of BA-90, 1.88 lbs BA-10, 4.7 lbs CD-32)


Tap water 32.25 gallons (6.34 lbs of water per gallon)


Anti-foam agent if needed (FP-6L)

The slurry remained in the CDS for another hour during weighing operations. Then the ball valve on the CDS was opened and the slurry was dumped through a 4" hose into buckets positioned on the dock. The cement slurry was then monitored for the next few hours and it appeared to remain fluid before setting up and solidifying. This dockside test was significant in dictating cement mixing procedures, providing confidence that the slurry will flow through a 4" hose and that the 150 pound piston in the CDS travels smoothly through the 55-gallon barrel (Figure 3).
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Figure 3. A. Flotation required for the operation. B. Cement Delivery System.

III. Sea-based Activities with the submersible ALVIN

We left port on Saturday morning and arrived on site early Sunday morning. Two transponders were deployed and exact positions located. Unfortunately, high winds kept us from deploying the submersible. As the day unfolded the winds subsided and held promise for the following day.


On Monday morning September 18, 2006 the winds were down and the swell was not significant. Before breakfast we transferred cement mixture supplies to the aft deck. After breakfast we made three batches of cement slurry with 32.25 gallons of water per unit of dry cement components. Cement was placed in the CDS and deployed one hour after we began the mixing procedure (Figure 4). As soon as the CDS was deployed ALVIN was deployed. The CDS reached the seafloor in 30 minutes about 40 m from Hole 1301B. ALVIN reached the seafloor within 100 minutes of launch; however one of the decent weights did not drop, causing ALVIN to crash into the bottom. One hour was lost while the pilot trimmed the submersible with a constant worry that the weight could release at any minute sending the submersible upward with a positive buoyancy of 200 lbs. Another problem associated with this interaction with the bottom was that ALVIN carried sediment for the rest of the dive, obscuring visibility. The CDS was located and transferred to the berm surrounding the submersible platform (3 hours and 20 minutes after launch) (Figure 5). Operations continued as outlined in the plan. The valve on the CDS was opened more than 6 hours after cement mixing operations began on the ship. No cement slurry flowed from the CDS. The CDS was then sent to the surface and recovered. Later that evening the 55 gallon barrel in the CDS warmed considerably. One could differentiate between the three batches by the temperature of the barrel. The cement was solid.

Dive 4246

18 Sept 2006

Pilot: Gavin Eppard

Observers: Keir Becker (port), Jon Rice (starboard)

~1540
launch

1615
CDC reported 40 m from 1301B, after 85m/min descent

1723
sub at bottom; port weight stuck; sub into muddy bottom   x 2686  y 5701

1739
weight still not released, remove 4 plates on basket

1745
pump out VB

1806
neutral at VBP 2073psi, VPwt 116; x 2577 y 5866

1820
CDC in sight; check ropes first

1839
descent weight off

1841
1 plate off CDC

1845
forks engaged, make sub light
1848
VBP 2080 psi, VBwt 108 VBT 1.8C

1859
land CDC on platform, valve wrong side, spin unit

1910-21
pull blue line and attach to wellhead

1929
change tapes

1956
white line cut

2040
cementing hose in place

2041
pin removed from cementing piston

2057
pin removed from valve lever handle

2058
valve opened, plunger not moving; tap/bang plunger, shake unit, no joy

2115
cycle valve

2117 
no joy

2127
attach red hook to D-ring at wellhead

2135/36
pull two weights from cementer into basket

2150 cut blue line, CDC just cleared well head
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Figure 4. A. The cement slurry was mixed in a gas-powered cement mixer. B. The slurry was transferred with buckets to the CDS.
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Figure 5. A. The CDS is positioned on the berm next to the wellhead at IODP Hole 1301B. Note the height of the berm above the platform and the open slot in the landing platform (fabricated on Exp 301) into which the cementing hose needed to be deployed. B. The CDS on the seafloor prior to being moved to the wellhead.

With the news that the cement slurry had set up in the barrel we began a test using 28.2 lb batches of Portland cement, the equilivant weight of the other ingredients, and water contents that equate to 32.25, 35, and 38 gallons per mixture. These three slurries were left to set at laboratory temperatures. The 38 gallon mixture clearly remained fluid after a longer period of time relative to the other two mixtures.


Given the warm temperature of the 55-gallon drum that returned with the CDS, we realized that the initial condition assumed for the slurry was likely incorrect. We had provided a temperature of the deep sea environment to the cement experts at BJ Services, but the temperature in the barrel would not cool quickly to bottom seawater temperature given the large thermal mass and the heat generated by the exothermic reaction from cement formation. 


On Tuesday morning September 19, 2006 ALVIN was delayed because a pin on the front viewport fell out on the previous dive and a Navy blessing was required before launch. We took the time to contacted Eberhardt and told him of our findings from the day before and that the initial conditions are incorrect. He did some calculations and explained those calculations in a later phone call. He suggested using 40.25 gallons of water per mixture.


At 930 am we were allowed to dive and begin mixing cement (Figure 6). Instead of using 32.25 gallons of water at laboratory temperatures per mixture that was used on the previous day, we used 48 gallons of water at outside temperatures per mixture. Given this large volume of water we only needed two batches in the cement mixer. The combination of two batches and our experiences from the first day resulted in the CDS being deployed within 30 minutes of the initial mixing. ALVIN was then launched and reached the seafloor in less than 1.5 hours, but a ground fault caused some delay before operations could resume. The CDS was found 75 m from ODP Hole 1301B and moved into location. The operation continued as planned, until it was noticed that the blue rope was tangled. Operations deviated from the planned schedule because sample batches of the slurry from the morning’s mixing were beginning to jell. A combination of a tangled rope and the set of the slurry resulted in an attempt to dump the slurry as quickly as possible. This required severing the line to the floats. The valve was opened 5.5 hours after the start of mixing operations. No cement slurry flowed from the CDS.  In the end floats were at the surface and a CDS full of cement was on the submersible platform. On the basis of the slurry in the laboratory, the change from a slurry that pours to one that is set (jells) occurs rapidly.

Dive 4246

19 Sept 2006

Pilot: Mark Spear

Observers: Keir Becker (port), Bob Meldrum (stbd)

1646
in sub

1700
CDS released

1705
sub in water; 1709 diving

1740
CDS on bottom 75 m from 1301B, x 2680, y 6045

1823
sub near bottom; first weight dropped

1827
second weight dropped, on bottom

1835
ground fault on 26+; stop to sleuth ground (no luck)

1900
head to CDS despite ground fault

1906
CDS in sight, a bit light, suspended above descent weight

1920
two plates added to CDS, a bit heavy

1929
descent weight dropped

1932
forks engaged, off to 1301B

1939
at wellhead

1958
land CDS on berm opposite slot in platform; install hose

2031
to blue hook, slid above floats


free blue hook, descend pulling blue line out of sock


reach near wellhead, blue line stuck, return to deal with snarl


top lab called down indicating urgency of deploying cement ASAP


decided to cut all floats to do so, snapped blue hook into D-ring at floats


found CDS on platform, valve facing slot, all hose in slot

2120
cut all floats away

2128
pin removed from cementing piston

2132
pin removed from valve lever handle

2133
valve opened, plunger not moving; tap/bang plunger, shake unit, no joy

2151
UMC mated for 1301B download; data file short;  comms lost with PPC

2233 
UMC off 

2236
homer recovered in basket

2238
flasher in basket

~2240
relay transponder dropped on attempted recovery; wait for silt to settle

~2300
relay transponder recovered; no time for 1301A download

2320 weights away; dive over
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Figure 6. Before and after mixing cement.

Weather conditions on Wednesday September 20 precluded submersible operations.

Configuration for Dive 4246 - 32.5 gallon/batch
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Float

+146

3’ line

32’ line – The blue line attaches off the deeper pear ring and has 3 lines     (32’ + 24” + 3’ lines)
3’ White line
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+57

[image: image21.jpg]







+190 M

Float

+146


Blue hook is attached with bungies to the float


-107
32’line








Actual

Red hook is attached to the frame and is 12’ long 


-10 lbs
with the other end attached to the bridle


















Frame

-380 M??





 












Cement
               -355 Calculated
-810


Extra Weight
-75 M







-936


12 Pear rings
-18


Lead on out
-4

-40


25 Shackles
-12


2 Hooks

-6


Transponder
-14 M




Homer/light
-6 M





-86
2 Alvin weights   -66 M
Started with 3 Alvin dive weights and removed one Alvin weight from the CDS on the seafloor – 33 M
Drop weight - 6 Alvin weights  -200 M
The discrepancy is likely an error in weighing items over the side of the ship. For example, we estimated a buoyancy of 410 lbs for the big float and a weight for the frame of the 320 lbs. This difference between estimated and “measured” is 120 lbs, which is closer to the real weight in deep seawater. 

Configuration for Dive 4247 - 48 gallon/batch
Football
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Float

+35
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Big Float
+350 M??







+829


Float

+146

3’ line

32’ line – The blue line attaches off the deeper pear ring and has 3 lines     (32’ + 24” + 3’ lines)

3’ White line



Float

+57






+190 M

Float

+146


Blue hook is attached with bungies to the float


-123

32’line








Actual

Red hook is attached to the frame and is 12’ long 


-10 lbs

with the other end attached to the bridle


















Frame

-380 M??



















Cement

-305 guess 
-760


Extra Weight
-75 M







-952


12 Pear rings
-18


Lead on out
-4



25 Shackles
-12

-40

2 Hooks

-6



Transponder
-14 M



Homer/light
-6 M





-152

4 Alvin weights -132 M
three Alvin weights were deployed with the CDS and one was added from the Alvin on the seafloor

Drop weight - 6 Alvin weights  -200 M
The discrepancy is likely an error in weighing items over the side of the ship. For example, we estimated a buoyancy of 410 lbs for the big float and a weight for the frame of the 320 lbs. This difference between estimated and “measured” is 120 lbs. In addition we used less Portland Cement so the weight for the cement slurry is an over estimate.
IV. Future Directions and Needs.

During the beginning of Alvin Dive 4247 we thought that everything was going to work out well. By the 4th hour after the start of mixing the cement slurry we noticed the samples of cement slurry were beginning to jell. If we could have opened the valve then or certainly within the next half of an hour, it would have worked. Two key components need to be addressed before the next attempt.


First, we have come a long way in refining the recipe for the cement slurry. The fact remains that an operation with necessary specifications has not been attempted previously, so additional testing will be required to assure success. We need to verify that we will have a flowing slurry at room temperature after sitting still for 8 hours, yet form a jell and harden once after it is poured in a seawater medium. These tests can be conducted with the materials that remain from the cruise.


Second, the CDS has to be a disposable system. This will limit the number and complexity of steps on the seafloor, which in 2006 involved two transfers of flotation to (a) ensure that the CDS remained in place as the cement flowed from it, and (b) then float the CDS to the seafloor after the cementing operations. With a disposable unit, the Alvin pilot would simply need to get the CDS into position, move the tubing into place, cut the flotation, and open the valve. These operations will not require ascending the water column to retrieve hooks, etc. Once the cement pours from the CDS it can then be moved from the wellhead and placed tens to hundreds of meters from the seafloor or be retrieved during the following dive using the flotation from another CDS.


We firmly believe that we can address these two issues and have a successful operation next year. In a perfect world we would like to conduct a few more tests of the cement slurry culminating in a one-day sea trial on the Point Sur using a disposable CDS. The experiment would be to leave the MBNMS waters, mix a complete batch of cement slurry, place the slurry in a CDS, deploy the CDS on a wire for 7 hours at 2660 m, raise the CDS to near the surface, open the valve and allow the cement slurry to flow into a second 55-gallon drum (attached to the CDS), lower the CDS for 12 hours, retrieve the CDS and return within 24 hours. This will provide assurance that the cement slurry will remain fluid, yet jell and harden in the CORK. Also the original CDS had a plunger to help the cement slurry flow. This plunger weighs 150 lbs. We would like to eliminate this aspect of the operation to save weight (buoyancy) and fabrication costs. If the slurry is fluid then the piston is not required, but we would like some assurance that it is not required.

In addition to having additional Alvin dives to attempt cementing in Summer 2007, there will (unfortunately) be additional costs associated with preparing for this work, as summarized below. We note that the preferred cement delivery system for the Site 1301 CORKs remains the J. Resolution, with which we could pump 40-50 barrels of cement into the reentry cones, making it more likely that the subseafloor observatory systems will be properly sealed. However, as it seems unlikely that it will be possible to make use of the J. Resolution prior to 2008 drilling operations, we must proceed with a plan to use Alvin.


Costs for a seagoing test prior to Alvin dives:


$13.5 K for one day on the Point Sur



$1 K for the cement and mixer



$8 K for the CDS with a 55-gallon drum at the base (likely less).


Costs to conduct cementing operations with Alvin:

Two dives per wellhead are needed to make sure that the seal is well covered.


4 Alvin dives

$$K



4 Disposable CDS  
$30K


Supplies

$1K


Cement

$4K


Cement mixer 

$1K
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