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Abstract

Depleted reservoirs are being drilled with drilling fluids containing a graphite based lost circulation material (LCM)​​1 that causes borehole strengthening. As target reservoirs are continuously depleted the ability to achieve hydraulic isolation from virgin pressured reservoirs during the primary cementation becomes increasingly challenging. The requirement to perform the cementation in accordance with field proven and accepted best practices may not always be possible. Factors such as reduced formation fracture gradients and well geometry can combine to reduce the possibility of a successful cementation. This paper is based upon experiences gained when cementing a liner in a deepwater sub-sea well. The intention of the cement job was to provide hydraulic isolation between a depleted sand and virgin pressured sands.  The paper raises awareness of the issues that must be addressed when cementing depleted formations and seeks to provide a framework that can be applied to similar cementing operations.

Introduction

The well configuration is as per Figure 1. Initially the well was kicked off from the 13 5/8” casing of an existing well and an 11 ¾” liner was installed. Due to technical difficulties below the 11 ¾” liner, the well was sidetracked from 15,900’. The contingency well design was used. A 9 5/8” x 11 ¾” solid expandable tubular (SET) was installed at 17,600’ to isolate virgin pressured formations prior to drilling depleted formations.  A 9 3/8” liner cased off the depleted formations and covered the 9 5/8” SET. Previous experience had shown that these depleted formations should be isolated from virgin pressured sands (above and below). 

The final 9 7/8” section to TD was drilled with a mud system that had been treated with a graphitic lost circulation material and seepage losses had been observed. The depleted reservoir formation was cased off with a 7 5/8” liner. Approximately 200’ above the reservoir formation is a virgin pressured zone and the pressure differential between both zones is approximately 5000 psi.

The requirement to sidetrack from the 11 ¾” liner, and drill through virgin pressured, depleted, virgin pressured and depleted zones meant that the liner lap of the 7 5/8” and 9 3/8” liners was 2,900’. 

Modeling of the cement job showed that the formation fracture gradient would be exceeded if conventional cementing practices were adhered to, although it was possible to drill the section without losses. The 7 5/8” liner hanger system, and the 2,900’ of 7 5/8” and 9 3/8” liner lap length (radial clearances of 0.225” for couplings and 0.475” for pipe body) contributed to increase the equivalent circulating densities (ECD’s) above those seen when drilling. 

Standard Best Practices for Cementing Operations

Standard best practices for cementing operations include, but are not limited to:

· Mud properties should give a low YP, gel strength and fluid loss

· Open Hole Diameter and Casing clearances should be a minimum of 1.5” and 1” greater than the outer diameter of the casing being cemented

· The liner should be well centralized

· There should be full returns, the annular volume should be circulated several times, and the annular velocity for circulating mud and displacing cement should be above 200 ft/minute

· If possible the pipe should be reciprocated/rotated

· The spacer should have a low viscosity and be ‘light’ weight

· If possible use top and bottom plugs.

To state the obvious, an effective and efficient displacement of the drilling fluid is required for a successful cementation. In most cases, the role of the primary cementation is to provide hydraulic isolation for the life of the well.  

Best Practices Vs Reality

The section had been drilled with seepage losses. During a check trip after drilling the section the magnitude of the seepage losses increased. An LCM pill was spotted at TD across the depleted formation, reducing the seepage rate. The mud had been circulated and conditioned to reduce the yield point. During a conference call with the rig, experiences gained during the running and cementing of the 9 3/8” liner were discussed. The liner had been run to section TD without losses. Losses were induced during the cementation when the circulation rate was increased to the planned displacement rate. It was requested that for the 7 5/8” liner cementation, a cement recipe with a longer pumping time be provided. This would allow the cement to be displaced at a low rate, between 2 and 4 bbls/min. Consequently, the optimum 200 ft/min annular velocity would not be achieved at these rates.

The well geometry was not in keeping with best cementing practices. This is sometimes a “harsh reality”. Given the need to isolate different zones behind casing, a limited number of casing strings and production requirements, compromises have to be made. In this case, it is not a reason to deem the cementation a failure, but a realization that things may have to be done differently.

A standard practice has developed to the point whereby when the liner is on depth, the only circulation that occurs is during displacement of the cement.  In some cases, such as intermediate liners, returns were never achieved at any circulation rate. The loss zone is assumed to be at the weakest point in the wellbore. In this case, returns are an aide to achieving a good cementation.

The 7 5/8” liner was centralized with one centralizer sub per joint for approximately 440’ above the shoe. The lead time on the liner and centralizer subs was ‘six months’, and in the given time frame it was not possible to manufacture additional subs. The team made the decision not to install individual bow spring centralizers on the pipe body as there was a perceived risk of junking the well. 

Due to the configuration and equipment being used on the 7 5/8” system it was not possible to rotate or reciprocate the liner (right hand release, ACME threads). Also, if the well was swabbed or surged losses could be initiated. 

The lead spacer , with the same weight as the mud, had a 100 bbl volume but was homogenous. A lightweight cement was pumped that had three segments: un-foamed, foamed, and then the tail/shoe cement was un-foamed. The spacer weight could not be reduced as this would have under-balanced the well.

7 5/8” Liner Cementation - Execution & Analysis

As stated above, the preparation for the cement job started during the check trip once the well was drilled to TD. An LCM pill was spotted to reduce the seepage losses. In house modeling of swab and surge pressures led to recommended trip in hole speeds, these values were used by the rig as a guide. The 7 5/8” liner was run to TD without inducing losses. 

Once on bottom the pumps were staged up slowly in order to achieve a circulating rate that did not induce losses. A circulating rate of 3 bpm was achieved. This gave an annular velocity of approximately 80 ft/min, 40% of the recommended annular velocity. At this rate the returns fluctuated between 45% and 60%. The cement train was pumped and displaced at 3 bbls/min. The wiper darts and liner wiper plug shears and landings were clearly observed. Once the cement started to be displaced out of the shoe there was a noticeable increase in returns. As the cement continued to be displaced a linear increase in the pumping pressure was observed, indicating a differential pressure as the cement level in the annulus rose. The pressure continued to rise and the top plug landed.

The cement job was monitored by the Well Delivery Team. The increase in returns and pumping pressure as the cement rose in the annulus had not been expected. The assumption was that losses would be taken at the sand-shale interface of the depleted sand, the top of the sand was +/-200’ above TD. 

The well was to be handed over to the Completions team who had been involved in the cementing operations discussions. In the well-handover document, it stated that if returns during the cementation exceeded 40% then it was not necessary to perform a top down squeeze. 40% returns gave sufficient cement to cover the target reservoir, based on open-hole volume. At the time, the need to do a top down squeeze was challenged. Based upon the increase in pumping pressure and the increase in returns it was decided that the cement had been lifted to above the target reservoir and possibly to the shoe of the 9 3/8” liner.

Post Well Handover

The well was handed over after the tie-back string was run. The shoe of the 7 5/8” liner was drilled out, no cement was observed. A cement bond log was performed which showed that the tail 15 bbls of the cement pumped had not cured. Above that the quality of the cement bond improved, and there was cement to the 9 3/8” shoe. The perforations proved that the depleted formation was hydraulically isolated from the higher pressured formations. During subsequent operations the hydraulic isolation was lost.

Lessons Learned

There are times when it is not possible to adhere to the guidelines that are industry standards (or ‘rules of thumb’) for achieving a successful cementation. Listed below are some of the steps that can be taken when planning a cementation of a depleted reservoir.

Use a Cement Scorecard – the scorecard should be used at two stages. 

· The first stage is when planning the well. It can be used here to raise concerns and emphasize to team members that the ‘possibility’ of getting a successful cementation is reduced. Based upon such discussion it may be possible for example, to change the well configuration or to increase contingency planning

· The second stage is prior to the actual job.  The well configuration is fixed, but the scorecard can be used to highlight improvements in mud properties that can be made.

The scorecard should contain a list of industry and company best practices and each item listed can have points allocated to them that are representative of the impact of each item. The items listed should be SMART (Specific, measurable, attainable, realistic, timely) and can include such things as: no losses before cementing, annular clearance, mud properties. The scorecard must be used as a means of communicating and provoking discussion and not as a means to identify the ultimate outcome of a cementation.

Equipment – the need to reduce and minimize equipment inventory is high. Consider contingency plans. Take a worst case scenario and look at it’s impact on the well – does this justify investing in additional equipment to help achieve the goal of the well? Much spare inventory can be justified based on the current cost of a sub-sea well, so the engineer must also exercise discretion here. 

Use expertise – from in house experts, feedback from the rig, mud and cement companies. As the engineer for the project some comments may have to be discarded and not followed due to time constraints, record and re-visit later.

Communicate – with those who will receive the well, establish criteria under which the well will be handed over. 

Contingency plans – much time and effort had been put into a plan to do a top down squeeze, this plan considered injection pressures, squeeze pressures and how to achieve an under-balance and maintain it. The availability of swellable elastomer products provides and option of potentially improving zonal isolation. But, in some cases it is not possible to get a swellable elastomer that will withstand the required differential pressure if there is no cement or contact with the wellbore. 

Spacer design – The lead spacer pumped was homogenous. The lead spacer has now been modified to have a train of viscous and non-viscous portions. 

Conclusions

The primary cementation of a liner string must be designed to provide hydraulic isolation for the duration of the life of the well. Due to production requirements and geometrical constraints it may not be possible to perform a cementation as per best practices. The case studied was able to use some best practices, and where possible to make adjustments to allow for non-ideal conditions. A cementing scorecard is a valuable tool to provoke discussion and highlight concerns at both the planning stages of the project and when preparing to execute the operation. 

As fields are continually produced from it will become necessary to develop a plan to address cementing and isolating depleted formations. It is only a matter of time before this is a concern for all operators. The plan should be able to: 

· Identify the possibility of success of the primary cementation for the base case well design and any contingency designs.

· Provoke discussion at a planning stage between departments and ensure that the production requirements of the well are attained.

· Identify contingency equipment that may be influential in getting a successful primary cementation.

· Communicate with all parties involved, especially prior to the actual job, use in-house and field expertise to improve the job.

· Work contingency and remedial options to ensure that as many of  the risks and outcomes are identified and that cost effective solutions can be provided. 
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