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 Abstract. Gas-lift operation in weak consolidated sandstone can increase drawdown and exaggerate sand-

related completion impairment, while sparse surveillance often prevents mechanism attribution. This study develops an 

evidence-graded, field-constrained workflow for screening drawdown-driven sand response, scenario-based screen 

impairment, and potential casing-integrity consequences in a dual-tubing, packerless gas-lift well. The workflow supports 

surveillance prioritization pending calibration with downhole pressure, screen differential pressure, intervention 

outcomes, and caliper data. 
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 1. Introduction. In mature oil wells completed in weakly consolidated sandstone reservoirs 
sand production is a major operational problem [1, 2, 3 ]. Grain-size distribution influences both the 
mobilization of formation solids and the retention performance of sand-control screens [4,5]. 
Laboratory and modeling researches relate sanding onset to the evolving near-wellbore effective-
stress state and the mechanical strength of the formation [6,7]. Reservoir depletion, high water cut, 
and artificial-lift operation can alter effective stress, solids transport, and flowing-pressure conditions. 
When the drawdown between reservoir pressure and flowing bottom hole pressure reaches the 
formation-failure condition, grains may detach from the rock matrix and enter the wellbore with the 
produced fluid [2,6,7]. 
 Gas-lift injection reduces the hydrostatic contribution of the produced-fluid column and 
changes the flowing-pressure profile of the well [8]. In dual-string gas-lift systems, the distribution 
of injected gas between the available flow paths can further influence production and pressure 
behavior [9]. If these changes reduce the flowing bottomhole pressure while reservoir pressure 
remains comparable, the resulting drawdown increases. In weakly consolidated sandstone, increasing 
drawdown may move the near-wellbore stress state toward the sanding-failure condition [2,6,7]. Gas-
lift adjustment can therefore improve lifting performance while reducing the available drawdown 
margin; however, the operating change alone does not confirm sand influx or screen impairment. 
 Dual-tubing gas-lift completions contain interacting tubing and annular flow paths, and the 
allocation of injected gas between these paths affects lift performance and production response [9]. 
Field experience with high-rate gravel-packed wells shows that sand-control completion performance 
should be assessed together with the corresponding production response [10]. In gas-lift wells, ab-
normal pressure behavior and operational complications can be screened using wellhead data [11], 
while statistical monitoring and choke-response signatures provide additional surveillance indicators 
[12,13]. These surface observations are useful for diagnosis, but they cannot independently locate 
solids accumulation or confirm screen plugging. 
 Formation instability and screen plugging are related but mechanically distinct phenomena. 
Near-wellbore formation instability involves grain debonding, displacement, or shear when the local 
effective-stress state reaches the formation-failure condition [2,6,7]. Screen plugging is a hydraulic 



 

 

and completion response in which transported grains or fines accumulate on or within the screen 
medium, reducing its effective flow area [14,15,16]. Neither formation instability nor screen plugging 
alone demonstrates that casing deformation has occurred. 
 A reduction in effective screen area redistributes flow through the remaining openings and 
may increase local velocity and pressure loss [14,15,16]. Studies of sand-control screen erosion show 
that concentrated sand-laden flow can increase erosion susceptibility under unfavorable velocity and 
particle-loading conditions [17,18]. However, these studies address screen erosion and do not provide 
direct evidence of casing deformation in the investigated well. 
 Casing deformation is a separate structural response that may result from non-uniform 
external loading, formation displacement, or loss of radial support [19,20,21].  
 Analysis of operating curves can provide indirect diagnostics of casing-deformation risk [22], 
but the confirmation of a geometric change requires direct downhole measurement. Because 
multifinger-caliper, downhole-imaging, and drift or passage records were unavailable, this study 
reports a predicted casing integrity concern rather than observed casing deformation. 
 Previous research has examined sand-production mechanisms and prediction [1,2,23], screen 
selection and clogging [14,15,16], screen erosion [17,18], and casing integrity [19,20,21,22] as 
largely separate topics. However, fewer studies integrate gas-lift-induced pressure changes, observed 
sand response, scenario-based screen impairment, and conditional casing-integrity concern within a 
single field-surveillance workflow.  
 Accordingly, this study develops an evidence-graded, field-constrained workflow that 
integrates pressure–production behavior and surface sand response with a geomechanical drawdown 
framework, scenario-defined reductions in effective screen area, and a conditional casing-integrity 
pathway. Changes in surface pressure, liquid rate, gas-injection rate, and sand concentration are 
evaluated separately from the scenario-based hydraulic response to declining effective screen area.  
 
 2. Materials and methods. The methodology comprises four linked components: definition 
of the field case and evidence hierarchy, interpretation of gas-lift pressure–production behavior, 
geomechanical screening of sanding tendency, and separate evaluation of field-response indicators 
and scenario-based screen impairment. It is applied to an anonymized dual-tubing, packerless gas-lift 
well completed in weakly consolidated Balakhany sandstone. The six records represent selected 
stages from one operating sequence; all disclosed values were anonymized and rounded. 
 To preserve the hierarchy of evidence, all inputs are classified as field-recorded, calculated, 
or scenario-defined. Field-recorded variables include wellhead pressure, PWH; inter-tubing pressure, 
PIT; casing-annulus pressure, Pcp; gas-injection rate, g; liquid production rate, Ql,m; and wellhead sand 
concentration, Cs. Completion geometry and the reported gas-lift configuration are treated as field 
inputs. Stage-specific reservoir pressure, Pres; flowing bottomhole pressure, Pwf; effective open-area 
ratio, λ; differential pressure across the screen, ΔPscr; and casing deformation were not measured 
directly. Consequently, drawdown is retained as a geomechanical screening variable, λ is prescribed 
in the sensitivity analysis, and casing deformation remains an unverified integrity concern rather than 
a calculated field outcome. 
 Representative Dual-Tubing Gas-Lift Completion. The investigated completion represents 
mature offshore dual-tubing, packerless gas-lift well completed in a weakly consolidated sandstone 
interval. The well configuration reflects mature offshore production conditions where sand influx, 
high water cut, and unstable gas-lift performance occur at the same time. 
 The completion comprises a 95/8 in production casing and two concentric tubing strings. The 
27/8 in inner tubing and the 41/2 in outer tubing terminate at 2450 and 1800 m MD, respectively. The 
producing interval extends from 2480 to 2520 m MD and consists of an uncemented open-hole section 
equipped with a premium-mesh standalone screen; the total measured depth is 2520 m. No packer 
isolates the annular flow path between the production casing and the tubing strings. Figure 1 presents 
the conceptual pressure–flow configuration; the schematic is not drawn to scale. 
 



 

 

 
 

Figure 1. Conceptual pressure-flow configuration of the dual-tubing, packerless gas-lift system,  
and the hypothesized casing-integrity pathway 

 
 Gas is injected through the annular flow path between the 95/8 in casing and the 41/2 in outer 
tubing. The injected gas moves downward through this annular space and enters the production flow 
path at depth. The gas then mixes with the produced liquid and reduces the average density of the 
fluid column. This reduction lowers the flowing bottomhole pressure and supports the upward move-
ment of the gas–liquid mixture through the lift tubing. 
 The well is completed across the producing sandstone with a standalone premium mesh 
screen. The screen interval length is 40 m, and the initial open area is 5.5%. The screen is assumed 
to provide distributed inflow under clean conditions. During sand production, part of the screen sur-
face becomes impaired by retained grains, compacted solids, and fines migration. This reduces the 
effective open area and changes the inflow pattern from distributed to localized. The field-constrained 
completion, reservoir, and reference-fluid inputs are summarized in Table 1, together with the evi-
dentiary basis of each value. 
  

Table 1. Field-constrained completion, reservoir, and reference-fluid inputs used in the screening 
workflow 

 
Parameter Value Status or Basis 

Well type 
Dual-tubing, packerless gas-lift 
well 

Field record 

Production casing 
95/8 in, 47.0 lb/ft; N80/P110 
designation 

Field record; exact depthwise grade 
schedule unavailable 

Inner lift tubing 27/8 in, 6.5 lb/ft; J55/N80 EUE Field record; exact grade unavailable 
Outer lift tubing 41/2 in, 12.6 lb/ft; J55/N80 BUE Field record; exact grade unavailable 
Inner tubing depth 2450 m MD Field record 
Outer tubing depth 1800 m MD Field record 

Packer condition 
No packer in the active 
completion 

Field record 



 

 

Producing interval 2480–2520 m MD; open-hole Field record 
Production-casing shoe 
depth 

Not available No assumed field value assigned 

Open-hole diameter Not available No assumed field value assigned 

Screen type 
Premium-mesh standalone 
screen 

Field record 

Initial screen open area 5.5% Design specification 
Screen material 316 L stainless steel Completion description 
Nominal screen 
aperture 

Not available for the case 
screen 

A provisional 0.100–0.150 mm range is 
examined only in sensitivity analysis 

Formation 
Weakly consolidated Balakhany 
sandstone 

Field description 

Porosity 33.5% Field-constrained reservoir input 
Permeability 850 mD Field-constrained reservoir input 
Sand-grain density 2660 kg/m3 Engineering input 
Reservoir-pressure 
range 

16.5–28.0 MPa 
Field operating range; not available by 
individual stage 

Flowing bottomhole-
pressure range 

12.0–15.0 MPa 
Calculated operating range; not available 
by individual stage 

Reservoir-temperature 
range 

70–85 °C Field operating range 

Water cut 80–92% Field operating range 

Oil density 840 kg/m3 
Reference value at 25 °C and standard 
pressure 

Formation-water 
density 

1004 kg/m3 
Reference value at 25 °C and standard 
pressure 

Reference liquid-
mixture density 

971–991 kg/m3 
Calculated from phase densities over the 
80–92% water-cut range 

Oil viscosity 3.5 cP 
Reference value at 25 °C and standard 
pressure 

Formation-water 
viscosity 

1.03 cP 
Reference value at 25 °C and standard 
pressure 

Injected-gas relative 
density 

0.65, air = 1 Field-constrained gas-property input 

Standard gas 
conditions 

101.325 kPa and 15.56 °C Reference conditions for reported gas rate 

Median formation-
grain size, d50 

Not available for the case well 
A non-regional value of 0.209 mm is used 
only as a literature-based sensitivity input 
[24] 

Uniformity coefficient, 
Uc 

Not available for the case well 
Uc = 5.0 is used only in the same non-
regional sensitivity case [24] 

 
 Because case-specific particle-size-distribution data and the manufacturer-certified screen ap-
erture were unavailable, plugging plausibility was examined through a non-regional sensitivity case 
rather than a reconstructed field measurement. The sensitivity case uses d50 = 0.209 mm and a uni-
formity coefficient Uc = d60/d10 = 5.0 from Reference [24], together with a provisional screen-aperture 
range of 0.100–0.150 mm. The resulting aperture-to-median-grain-size ratio is 0.48–0.72. This range 
places the assumed aperture below the median grain size, whereas Uc = 5.0 represents a relatively 
broad particle-size distribution in which finer particles may penetrate and accumulate within the 
screen medium even when coarser grains are retained. Because screen performance also depends on 



 

 

the complete PSD curve, fines and clay content, mesh architecture, and flow conditions, this sensi-
tivity case supports the physical plausibility of partial impairment but does not validate the selection 
or actual plugging state of the case-well screen [4,16]. 
 Gas-Lift-Induced Drawdown Mechanism. At time t, drawdown, ΔP(t), is defined as the 
difference between reservoir pressure, Pres(t), and flowing bottomhole pressure, Pwf(t). Stage-specific 
Pres and Pwf measurements were unavailable for the six-stage field sequence; consequently, drawdown 
was treated as a model-based geomechanical screening variable rather than a directly observed stage 
parameter. 
 An increase in gas fraction reduces 𝜌௠ and lowers Pwf. This improves lifting performance, 
but it also increases drawdown across the producing interval. In weakly consolidated sandstone, this 
effect narrows the safe operating window because excessive drawdown increases the probability of 
sanding [8,Error! Reference source not found.]. In gas-lift operation, injected gas reduces the 
average density and hydrostatic head of the produced-fluid column. For mechanistic interpretation, 
the local mixture density is represented by 𝜌௠ = 𝛼௟𝜌௟ + 𝛼௚𝜌௚ , where 𝛼௟ + 𝛼௚ = 1 , 𝜌௟   and 𝜌௚ 
denote the liquid-and gas-phase densities, and 𝛼௟ and 𝛼௚ denote their local volumetric fractions. The 
injected-gas relative density and the reference liquid-phase density and viscosity values used in the 
screening calculations are reported in Table 1. 
 This mixture relation is not treated as a depth-resolved multiphase PVT model. Gas density, 
phase holdup, formation-volume factors, and effective mixture viscosity vary with pressure, 
temperature, and flow regime, whereas stage-specific downhole pressure-temperature data and 
detailed injected-gas composition were unavailable. Consequently, the relation is used to explain the 
expected direction of the flowing-bottomhole-pressure response rather than to calculate stage-specific 
Pwf values. An increase in gas holdup may reduce Pwf and enlarge drawdown, but the magnitude of 
this response also depends on tubing-annulus interaction and the prevailing multiphase-flow regime 
[8,Error! Reference source not found.]. 
 Screen Impairment and Local Inflow Response. Within the screening framework, the near-
screen filtration response is interpreted using a Darcy-type relation consistent with coupled hydrody-
namic–geomechanical sand-production modelling [23]. For otherwise comparable permeability and 
fluid properties, an increasing pressure gradient raises the superficial filtration velocity. Because the 
investigated well produces multiphase fluid and no direct near-screen velocity measurements were 
available, this relation is used only to establish the expected response direction rather than to calculate 
a stage-specific filtration velocity. 
 For operating stage t, the remaining effective screen area is represented as 

                    𝐴௘௙௙(𝑡) = (𝑡)𝐴଴, 0 < (𝑡) ≤ 1 (1) 
where 𝐴଴ is the active open area under the reference scenario, and (𝑡) is the prescribed effective-
open-area ratio. A value of  = 1  represents the reference condition, whereas 100[1 − (𝑡)]% 
represents the assumed loss of effective open area. The stage-specific  values were selected through 
production matching to represent progressively restrictive sensitivity cases. However, because no 
screen inspection, screen differential pressure record, cleanout-volume reconciliation, or 
manufacturer-specific resistance calibration was available, the matching is non-unique and  is not 
treated as a measured or uniquely inferred plugging fraction. Its role is limited to testing how a 
prescribed reduction in active flow area would affect the normalized local-inflow response. 
 The liquid rates in the field sequence are reported as mass rates in t/d and cannot be inserted 
directly into a velocity expression. The corresponding volumetric rate is calculated as 

𝑞௟(𝑡) =
1000𝑄௟,௠(𝑡)

86400𝜌௟,௥௘௙
 (2) 

where 𝑄௟,௠(𝑡) is the reported liquid mass rate in t/d, 𝑞௟(𝑡) is the volumetric liquid rate in m3/s, and 
𝜌௟,௥௘௙  is the reference liquid-mixture density. Because stage-specific liquid densities were 
unavailable, a common reference value of 981 kg/m3, corresponding to the midpoint of the 971–991 
kg/m3 range in Table 1, is applied to all stages. 



 

 

 The local velocity through the remaining active screen area is then expressed as 

𝑣௟௢௖(𝑡) =
𝑞௟(𝑡)

(𝑡)𝐴଴
 (3) 

 The screen outside diameter and base-pipe dimensions were unavailable; therefore, 𝐴଴ and 
the absolute value of 𝑣௟௢௖ cannot be determined uniquely for the case well. The field-stage analysis 
consequently uses the normalized local velocity ratio 

𝐼௩(𝑡) =
𝑣௟௢௖(𝑡)

𝑣௟௢௖,଴
=

𝑞௟(𝑡)

𝑞௟,଴

଴

(𝑡)
 (4) 

where subscript 0 denotes the stable reference stage and ଴ = 1. Because the same reference density 

is used for all stages, 
௤೗(௧)

௤೗,బ
 is equal to 

ொ೗,೘(௧)

ொ೗,೘,బ
. Thus, the stage-specific velocity ratio accounts for both 

the observed change in liquid rate and the scenario-defined reduction in effective screen area. 

 For a constant total liquid rate, the expression reduces to 𝐼௩ =
ଵ

λ
; this limiting case is pre-

sented in Figure 2 only as a generic sensitivity illustration. For the field sequence, the observed liquid-
rate ratio is retained. Local inflow acceleration occurs only when the fractional reduction in effective 
screen area exceeds the fractional decline in total liquid rate. Screen-erosion studies identify local 
velocity and particle loading as important controls on erosion susceptibility [17,18]. Accordingly, 
under otherwise unchanged fluid and opening conditions, the present sensitivity analysis represents 
wall-shear tendency as scaling approximately with 𝐼௩  and the inertia-related dynamic-stress ten-
dency as scaling approximately with 𝐼௩

ଶ. These are relative scenario indicators rather than absolute 
stress predictions because opening geometry and depth-resolved mixture rheology were unavailable. 
 The constant-rate sensitivity of normalized local velocity to effective open-area reduction is 
illustrated in Figure 2. 
 

 
Figure 2. Constant-rate sensitivity of the normalized local velocity ratio to the prescribed effective 

open-area ratio 
 

 The curve represents 𝐼௩ =
ଵ

λ
  for 

௤೗

௤೗,బ
= 1  and is not a calibrated plugging threshold; the 

field-stage values reported in Table 2 additionally account for the observed changes in liquid rate. 
 
  



 

 

Table 2. Stage-constrained effective-open-area sensitivity and normalized hydraulic response 
 

Stage Ql/Ql,0 
Represen
tative λ 

Assumed Effec-
tive-Area Loss 
Relative to the 

Reference, 
100(1 − λ), % 

𝑰𝒗 
Normalized Screen-

Pressure-Drop 
Tendency, IΔP 

Interpretation 

1 1.000 1.00 0 1.00 1.00 
Reference-area 

scenario 

2 0.973 0.95 5 1.02 1.02–1.05 
Minor impairment 

sensitivity 

3 0.883 0.75 25 1.18 1.18–1.39 
Moderate 

impairment 
sensitivity 

4 0.500 0.25 75 2.00 2.00–4.00 
Partial impairment 

sensitivity 

5 0.333 0.10 90 3.33 3.33–11.11 
Severe 

impairment 
sensitivity 

6 0.000 n/a n/a n/a n/a 
Shut-in; hydraulic 
ratio not evaluated 

 
 Casing-Deformation Risk. The casing-integrity pathway considered in this study is condi-
tional. Gas-lift operation may reduce Pwf and increase drawdown; if the near-wellbore stress state 
reaches the formation-failure condition, grain detachment and solids mobilization may occur [2,23]. 
Because stage-specific downhole pressures were unavailable, the investigated field sequence does 
not establish that the critical drawdown was actually exceeded. 
 Mobilized grains and fines may be transported toward the completion, where they can accu-
mulate on or within the screen medium or contribute to screen erosion [14,15,16]. If the effective 
screen area decreases, the scenario model in Section 2.1.3 predicts redistribution of flow through the 
remaining openings and possible local velocity amplification. However, screen plugging, erosion, 
and near-wellbore void development were not directly measured in the case well. They are therefore 
treated as intermediate scenario-based or inferred steps rather than confirmed field events. 
 Previous casing-integrity studies identify non-uniform external loading, formation displace-
ment, and loss of radial support as possible contributors to restriction, ovalization, local bending, and 
intervention-access problems [19,22]. The investigated well had no multifinger-caliper log, downhole 
image, restriction-depth survey, or drift and passage record. Accordingly, casing deformation is re-
tained only as an unverified integrity concern at the end of the conditional pathway and is not reported 
as an observed outcome. 
 Geomechanical Sanding Criterion and Critical Drawdown Model. The hydrodynamic 
mechanism described in Section 2 explains how gas-lift operation reduces flowing bottomhole pres-
sure, increases drawdown, and accelerates local inflow through the remaining open screen area during 
partial plugging. However, hydrodynamic acceleration alone does not fully explain sanding onset. 
Sand production starts when the near-wellbore stress state exceeds the mechanical strength of the 
weakly consolidated sandstone. 
 For this reason, the hydrodynamic model is coupled with a geomechanical sanding criterion. 
The geomechanical part of the workflow evaluates whether the drawdown imposed by gas-lift oper-
ation exceeds the critical drawdown pressure of the formation. If this limit is exceeded, the near-
screen sandstone becomes unstable, and grains detach from the rock matrix. 
 The studied interval is represented by weakly consolidated Balakhany sandstone. The me-
chanical response of this formation is controlled by low compressive strength, limited cohesion, high 



 

 

porosity, and sensitivity to depletion-induced effective stress increase. The geomechanical model 
therefore uses effective stress, Mohr–Coulomb failure, and critical drawdown concepts to define the 
onset of sanding [23]. 
 Effective Stress Around the Producing Interval. Within Biot’s poroelastic framework, the 
effective stress carried by the rock skeleton is related to the total stress and pore pressure as follows 
[25]: 

𝜎  = 𝜎 − 𝛼𝑃௣ (5) 
where 𝜎   is effective stress, 𝜎 is total stress, 𝛼 is Biot coefficient, and 𝑃௣  is pore pressure. 
 For the producing interval, this relation is applied to the vertical and horizontal stress compo-
nents. As reservoir pressure declines during depletion, pore pressure decreases and effective stress 
increases around the near-wellbore zone. This effect is important in mature weakly consolidated sand-
stone because it reduces the safe drawdown margin and increases the probability of sanding. 
Mohr–Coulomb Sanding Criterion 
 The Mohr–Coulomb failure criterion is used to evaluate shear failure in the weakly consoli-
dated sandstone: 

𝜏 = 𝑐 + 𝜎௡
 𝑡𝑎𝑛 (6) 

where 𝜏 is shear stress, 𝑐 is cohesion, 𝜎௡
  is effective normal stress, and 𝜑  is internal friction an-

gle. 
 In terms of principal effective stresses, the failure condition may be expressed through a 
Mohr–Coulomb failure function: 

𝐹ெ஼ = (𝜎ଵ
 − 𝜎ଷ

 ) − (𝜎ଵ
 + 𝜎ଷ

 )𝑠𝑖𝑛𝜑 − 2𝑐 𝑐𝑜𝑠𝜑 (7) 
where 𝜎ଵ

  is maximum principal effective stress, and 𝜎ଷ
  is minimum principal effective stress. The 

formation remains stable when 𝐹ெ஼   is below the failure limit. Sanding onset is expected when the 
operating drawdown increases the near-wellbore stress state to this limit [26,27]. 
 Representative Geomechanical Inputs and Data Provenance. The representative geome-
chanical inputs were obtained from an existing one-dimensional mechanical-earth-model (MEM) da-
tabase for the target interval rather than from new laboratory testing. Table 3 identifies the derivation 
basis and data-availability status of each parameter. The underlying raw logs, core-calibration records, 
test results, measurement counts, and statistical distributions were not available in the disclosed da-
taset. 
  

Table 3. Representative geomechanical inputs and their derivation status  
for the 2480–2520 m MD interval 

 

Parameter Symbol 
Represen

tative 
Value 

Derivation Basis in the 
Source MEM 

Range and Measurement-
Count Status 

Unconfined 
compressive 
strength 

UCS 
14.44 
MPa 

Sonic-log-derived 
representative input 

Raw sonic samples, calibration 
records, n, and min–max range 
unavailable 

Cohesion c 4.05 MPa 

Calculated from 
representative UCS and 
friction angle using the 
Mohr–Coulomb relation 

Derived quantity; independent 
n and measured range not 
applicable 

Internal 
friction angle 

φ 31.5° 
Log-derived representative 
input in the source MEM 

Underlying correlation record, 
n, and min–max range 
unavailable 



 

 

Static 
Young’s 
modulus 

E 2.40 GPa 
Static-equivalent input 
converted from dynamic 
elastic response 

Dynamic-to-static calibration 
dataset and range unavailable 

Poisson’s 
ratio 

ν 0.28 
Derived from 
compressional- and shear-
wave response 

Raw Vp/Vs samples, n, and 
range unavailable 

Biot 
coefficient 

α 0.78 
Calculated poroelastic input 
based on static and grain 
bulk moduli 

Underlying modulus values 
and propagated uncertainty 
unavailable 

Vertical stress σv 54.8 MPa 
Representative source-MEM 
value based on bulk-density 
integration 

Density-log integration record 
and uncertainty range 
unavailable 

Maximum 
horizontal 
stress 

σH 47.8 MPa 
Model-derived 
representative horizontal-
stress input 

Calibration observations and 
uncertainty range unavailable 

Minimum 
horizontal 
stress 

σh 41.2 MPa 
Field-constrained 
representative source-MEM 
input 

Underlying LOT/mini-frac 
record, n, and uncertainty 
range unavailable 

 
 The values in Table 2 are deterministic screening inputs and should not be interpreted as sam-
ple means, measured min–max intervals, or statistically calibrated distributions. Cohesion was calcu-
lated from the representative UCS and friction angle as c = UCS(1 − sinφ)/(2cosφ), which gives 
approximately 4.05 MPa. The reported stresses indicate a normal-faulting ordering, σv > σH > σh. As 
the source calibration files and uncertainty distributions could not be obtained, the classification of 
geomechanics and well casing integrity is conditional upon this representative set of parameters. 
 The stress regime is important for the depleted sandstone because a decrease in pressure 
causes an increase in effective stresses in this zone. 
 Critical Drawdown Definition and Calibration Requirement. Critical drawdown is the 
difference between reservoir pressure and the critical flowing bottomhole pressure at which the se-
lected formation-failure criterion is first satisfied. Critical-drawdown prediction has been addressed 
using analytical and field-case methods [28,29], weak-sandstone and perforated-well models [30,31], 
and one-dimensional geomechanical or reservoir-specific numerical models [32,33,34]. These studies 
show that the critical value depends on formation strength, in situ stress, completion geometry, pres-
sure conditions, and the selected failure criterion; it is therefore a well-specific parameter rather than 
a universal pressure limit. 
 For a well with the required pressure and geomechanical data, critical drawdown is defined as 

           Pres (t) − Pcwf (t) (3) 
where Pcwf is the critical flowing bottomhole pressure predicted from the calibrated formation-failure 
model. Proximity to this limit can then be expressed through 

𝐼஽(𝑡) =
∆𝑃(𝑡)

∆𝑃௖௥௜௧ (t)
 (4) 

 Operation at 𝐼஽ < 1.00 remains below the modelled sanding threshold, whereas 𝐼஽ ≥ 1.00 
indicates that the calibrated threshold has been reached or exceeded. No additional numerical warning 
boundary is assigned because a lower limit, such as 0.80, has not been established from statistical 
validation or documented intervention outcomes. 
 Stage-specific Pres, Pwf, and calibrated Pcwf values were unavailable for the six-stage field se-
quence. Consequently, 𝐼஽ is retained as a future field-calibration variable and is not reported as a 
calculated stage-level result in the present case. Reaching the critical-drawdown condition would in-
dicate an increased sanding tendency; it would not independently confirm screen plugging or casing 
deformation. 



 

 

 Conditional Coupling Between Sanding and Inferred Screen Impairment. The solids 
arriving at the wellhead are measured directly from the field as sand concentration at wellhead, Cs, 
but there is not unique interpretation that this Cs represents solely a near-wellbore mechanical failure 
event; Cs may represent a new grain detachment, accumulation remobilization, variable transport 
intermittency, or a shift in liquid carrying capacity [31,32]. Hence the continuous increase of Cs from 
stage to stage is used here as an operator marker of instability rather than the individual occurrence 
confirming exceeding of Mohr–Coulomb failure limit. 
 The proposed coupling is conditional: drawdown-induced near-wellbore instability may mo-
bilize formation grains, while transported grains and fines may subsequently accumulate on or within 
the screen medium and reduce its effective open area [14,16]. However, the surface sand concentra-
tion, Cs, cannot by itself confirm the presence, location, or severity of screen plugging. Accordingly, 
the operating stages described are not used to impose a one-to-one relationship between Cs and screen 
plugging; instead, they provide field constraints for the scenario-based hydraulic sensitivity analysis 
presented later in the manuscript. 
 For the field data, Stage 1 is used to represent initial stable operations, Stages 2–3 are 
designated as increasing sand production, and Stages 4–5 as consistent with screen plugging since 
both liquid rate-loss and wellhead surface pressure changes accompany increasing sand rates. The 
above designations are interpretations of observed operations and cannot prove the physical location, 
thickness, or internal configuration of any screen plug [35,36]. 
 The conditional link between mechanics and hydraulics provides the conceptual basis for the 
two-axis screening framework developed in Section 4. 
 Field Case and Input Data. Case-Study Basis. The proposed workflow is applied to an 
anonymized single-well field case from a mature offshore dual-tubing, packerless gas-lift well com-
pleted in a weakly consolidated sandstone reservoir in the South Caspian Basin. The case reflects real 
operating behavior observed under high water cut, declining reservoir pressure, sand influx, screen 
impairment, and unstable pressure response. 
 The case is derived from confidential operational records of one monitored offshore gas-lift 
well. For confidentiality reasons, the well name, exact field identifier, coordinates, full raw time-
series records, and intervention files are not disclosed. Instead, the pressure–production sequence, 
sand-concentration response, completion geometry, and geomechanical inputs are reported in anon-
ymized, rounded, and engineering-interpretable form. This allows the diagnostic workflow to be 
tested on real field behavior while protecting operationally sensitive information. 
 The representative well configuration, completion geometry, and geomechanical inputs were 
defined in Sections 2 and 3. This section adds the pressure–production sequence used to test the model 
response during the transition from stable gas-lift production to sand-loaded flow, partial screen plug-
ging, and predicted casing-deformation risk. 
 Operating-Stage Definitions. The field sequence is divided into six diagnostic stages to 
organize the observed pressure, production, and sand-concentration changes. These labels are 
interpretive and do not represent independently verified downhole conditions. Stage 1 defines the 
stable reference condition; Stage 2 represents an early transition; Stage 3 represents excited sanding; 
Stages 4 and 5 represent partial and severe impairment scenarios, respectively; and Stage 6 represents 
the shut-in or pre-intervention condition. 
 The Stage 2 label does not assert that drawdown was measured to increase because concurrent 
Pres and Pwf values were unavailable. Likewise, the Stage 4 and Stage 5 labels describe conditions 
consistent with progressive flow-path impairment under the assigned λ scenarios rather than screen 
states confirmed by inspection. The stage definitions are based on the combined evolution of liquid 
rate, wellhead sand concentration, and surface-pressure response. 
 Stage 1 serves as the stable reference. Stage 2 captures an early departure from that reference, 
whereas Stage 3 is identified by a measurable increase in wellhead sand concentration accompanied 
by a comparatively limited decline in liquid production. Stages 4 and 5 are evaluated as partial and 
severe impairment scenarios, respectively, because the corresponding downhole screen conditions 



 

 

were not directly measured. Stage 6 represents the shut-in or pre-intervention condition and is retained 
for operational context but excluded from the field-response-score calculation for the five flowing 
stages. 
 
 3. Results and discussion. The contrast between production decline and the sand-concentra-
tion multiplier is illustrated in Figure 3. 
 Figure 3 shows that the sand-concentration response becomes pronounced before the largest 
production loss. At Stage 3, the sand multiplier reaches 15, while the liquid-rate decline remains 
11.7%. At Stages 4 and 5, the sand multiplier increases to 80 and 150, respectively, while the 
corresponding production declines reach 50.0% and 66.7%. These measured field responses are used 
in the field-response branch, whereas the prescribed λ values and their hydraulic consequences are 
evaluated separately in Table 4. Their temporal co-variation supports diagnostic prioritization but 
does not independently confirm physical screen plugging or localized inflow redistribution. 
 

 
 

 Figure 3. Production decline and sand-concentration multiplier across the five flowing stages.  
 
 Connecting lines are visual guides between selected stage-level records and do not represent 
a continuous or smoothed time series. The labels assigned to Stages 4 and 5 denote prescribed im-
pairment scenarios rather than screen conditions verified by downhole inspection. 
 Stage-Level Pressure Response. The pressure records reported in Table 3 show an increase 
from the stable reference to Stage 4. Over this interval, PWH increases from 3.5 to 5.9 MPa, PIT from 
4.2 to 6.5 MPa, and Pcp from 6.5 to 7.2 MPa. Stage 4 therefore has the largest combined pressure 
deviation from the reference condition in the evaluated sequence. 
 At Stage 5, PWH, PIT, and Pcp decrease to 3.2, 4.0, and 6.4 MPa, respectively, despite the further 
reduction in liquid rate and increase in sand concentration. This non-monotonic response indicates a 
change in the hydraulic state of the production system. The selected records, however, cannot 
determine whether the change resulted from restriction release, multiphase-holdup redistribution, 
altered gas-lift hydraulics, or another transient process. 
 Figure 4 presents the three pressure variables across the five flowing stages. The connecting 
lines are visual guides between selected stage records and should not be interpreted as a continuous 
pressure waveform. 
 Because the underlying high-frequency records are unavailable, the data do not support 
calculation of oscillation period, pulsation amplitude, or buildup–release cycle frequency. The 



 

 

pressure decrease at Stage 5 is therefore reported as a non-monotonic stage-level response rather than 
as confirmed collapse or release of a sand restriction. 
 Stage 6 represents a shut-in or pre-intervention condition in which both gas injection and 
liquid production are zero. Its casing-annulus pressure of 7.5 MPa may represent trapped or isolated 
pressure under non-flowing conditions. Stage 6 is retained for operational context but is excluded 
from the flowing-stage pressure normalization and field-response-score calculation. 
 

 
 

Figure 4. Stage-level wellhead, inter-tubing, and casing-annulus pressures across the five flowing 
stages. 

 
 Connecting lines are visual guides between selected operating records and do not represent a 
continuous pressure waveform. 
 Gravel packing may provide more durable sand retention than a standalone screen where 
formation PSD, fines content, and completion geometry permit effective placement [24]. Screen 
replacement or redesign should be based on measured PSD and screen-retention testing rather than 
on the regional sensitivity values used in the present study [16]. Chemical consolidation may be 
considered where mechanical remediation is impractical, but its use requires laboratory evaluation of 
retained permeability, consolidation strength, temperature stability, and compatibility with the 
produced fluids [Error! Reference source not found.]. 
 A sustained departure of 𝑆ிோ from the reference stage, when accompanied by persistent sand 
production or evidence of declining well accessibility, should prompt physical integrity verification 
before further production optimization. Choke or gas-injection adjustments made without confirming 
the condition of the flow path may temporarily alter the surface response while leaving a developing 
restriction unresolved. The selected response should therefore depend on the calibrated ID; the per-
sistence of the measured pressure, production, and sand signals; and any direct evidence obtained 
during cleanout or downhole intervention. 
 4. Conclusions. This study developed an evidence-graded, field-constrained workflow for 
recognizing operational deterioration associated with sand production in a dual-tubing, packerless 
gas-lift well. The field-response score, (𝑺𝑭𝑹 ), combines normalized liquid-rate loss, surface sand 
response, and pressure deviation, whereas (λ) and ( 𝑰𝒗 ) are retained as separate scenario-based 
sensitivity variables. This structure enables comparison of operating stages without treating 
prescribed impairment scenarios as measurements of the screen condition. 
 For field operation, drawdown should remain below the calibrated critical drawdown, (ΔP < 
ΔPcrit), corresponding to (𝐼஽ < 1.00). An upward trend in (𝐼஽) toward 1.00 should prompt verification 



 

 

and intensified surveillance, whereas (𝐼஽ ≥ 1.00) should initiate corrective drawdown management 
through choke and gas-injection review, subject to gas-lift stability constraints. A sustained (𝑆ிோ) 
departure accompanied by persistent sand production should prompt screen differential pressure 
measurement, cleanout-response evaluation, coiled-tubing passage checks, or multifinger-caliper 
logging. Because stage-specific downhole pressures, measured screen pressure drop, complete PSD 
statistics, resolved tubular properties, and direct casing-deformation measurements were unavailable, 
the casing-integrity outcome remains unverified, and the workflow requires multi-well calibration 
before wider application. 
 
 Conflict of interest.  
The authors declare that they have no conflict of interest in relation to this research.  
 
 References 
 
1. Eshiet, K.I.-I.I.; Sheng, Y. Investigating Sand Production Phenomena: An Appraisal of Past and 
Emerging Laboratory Experiments and Analytical Models. Geotechnics 2021, 1, 492–533. 
https://doi.org/10.3390/geotechnics1020023. 
2. Rahmati, H.; Jafarpour, M.; Azadbakht, S.; Nouri, A.; Vaziri, H.H.; Chan, D.H.; Xiao, Y. Review 
of Sand Production Prediction Models. J. Pet. Eng. 2013, 2013, 864981. 
https://doi.org/10.1155/2013/864981. 
3. He, X.; Pang, Z.; Ren, L.; Zhao, L.; Lu, X.; Wang, Y.; Liu, P. A Critical Review on Analysis of 
Sand Producing and Sand-Control Technologies for Oil Well in Oilfields. Front. Energy Res. 2024, 
12, 1399033. https://doi.org/10.3389/fenrg.2024.1399033. 
4. Ahad, N.A.; Jami, M.; Tyson, S. A Review of Experimental Studies on Sand Screen Selection for 
Unconsolidated Sandstone Reservoirs. J. Pet. Explor. Prod. Technol. 2020, 10, 1675–1688. 
https://doi.org/10.1007/s13202-019-00826-y. 
5. Fattahpour, V.; Moosavi, M.; Mehranpour, M. An Experimental Investigation on the Effect of 
Grain Size on Oil-Well Sand Production. Pet. Sci. 2012, 9, 343–353. https://doi.org/10.1007/s12182-
012-0218-5. 
6. Tronvoll, J.; Fjær, E. Experimental Study of Sand Production from Perforation Cavities. Int. J. 
Rock. Mech. Min. Sci. Geomech. Abstr. 1994, 31, 393–410. https://doi.org/10.1016/0148-
9062(94)90144-9. 
7. Papamichos, E.; Vardoulakis, I.; Tronvoll, J.; Skjaerstein, A. Volumetric Sand Production Model 
and Experiment. Int. J. Numer. Anal. Methods Geomech. 2001, 25, 789–808. 
https://doi.org/10.1002/nag.154. 
8. Adukwu, O.; Odloak, D.; Kassab, F., Jr. Optimisation of a Gas-Lifted System with Nonlinear 
Model Predictive Control. Energies 2023, 16, 3082. https://doi.org/10.3390/en16073082. 
9. Law, C.C.; Zainal, M.Z.; Chew, K.H.; Lee, J.H. Hybrid Model for Determining Dual String Gas 
Lift Split Factor in Oil Producers. Energies 2019, 12, 2284. https://doi.org/10.3390/en12122284. 
10. Unneland, T.; Waage, R.I. Experience and Evaluation of Production Through High-Rate Gravel-
Packed Oil Wells, Gullfaks Field, North Sea. SPE Prod. Facil. 1993, 8, 108–116. 
https://doi.org/10.2118/22795-PAIsmayilov, S.Z.; Suleymanov, A.A. Diagnosis of Operational Com-
plications in Gas-Lift Wells Based on Wellhead Data Analysis. SOCAR Proc. 2025, SI1, 47–52. 
https://doi.org/10.5510/OGP2025SI101112 
11. Ismayilov, S.Z.; Aliyev, I.N.; Karimov, I.C. Real-Time Monitoring and Statistical Analysis: Op-
timizing Sand Detection in Oil Wells. News Natl. Acad. Sci. Repub. Kazakhstan Ser. Geol. Tech. 
Sci. 2026, 1, 155–169. https://doi.org/10.32014/2026.2518-170X.596. 
12. Karimov, I. Wellhead Pressure and Choke Signatures as Early Indicators of Near-Wellbore Insta-
bility. Sci. Work 2026, 20, 162–168. https://doi.org/10.36719/2663-4619/126/162-168. 
13. Tananykhin, D.; Grigorev, M.; Simonova, E.; Korolev, M.; Stecyuk, I.; Farrakhov, L. Effect of 
Wire Design (Profile) on Sand Retention Parameters of Wire-Wrapped Screens for Conventional 



 

 

Production: Prepack Sand Retention Testing Results. Energies 2023, 16, 2438. 
https://doi.org/10.3390/en16052438. 
14. Deng, F.-C.; Gui, F.-L.; Fan, B.-T.; Wen, L.; Chen, S.-H.; Gong, N.; Xiao, Y.-C.; Xu, Z.-H. Study 
on the Clogging Mechanism of Punching Screen in Sand Control by the Punching Structure Parame-
ters. Pet. Sci. 2024, 21, 609–620. https://doi.org/10.1016/j.petsci.2023.08.017. 
15. Abduljabbar, A.; Amadi, A.; Mohyaldinn, M.E.; Ridha, S.; Younis, O.; Alakbari, F.S. Sand 
Screens Application and Performance for Sand Control: A Review of Selection Criteria, Screen Ma-
terials, and Causes of Failure. Heliyon 2024, 10, e30731. https://doi.org/10.1016/j.heli-
yon.2024.e30731. 
16. Gillespie, G.; Beare, S.P.; Jones, C. Sand Control Screen Erosion: When Are You at Risk? In 
Proceedings of the SPE European Formation Damage Conference, SPE-122269-MS, Scheveningen, 
The Netherlands, 27–29 May 2009. https://doi.org/10.2118/122269-MS 
17. Yan, W.; Li, F.; Leng, G.; Wang, H.; Ma, Z.; Yun, B.; Li, X.; Deng, J. Sand Control Screen 
Erosion-Failure Prediction Method in Weakly Consolidated Sandstone Reservoir. Geoenergy Sci. 
Eng. 2023, 224, 211616. https://doi.org/10.1016/j.geoen.2023.211616. 
18. Ibukun, M.; Elyan, E.; Amish, M.; Njuguna, J.; Oluyemi, G.F. A Review of Well Life Cycle 
Integrity Challenges in the Oil and Gas Industry and Its Implications for Sustained Casing Pressure. 
Energies 2024, 17, 5562. https://doi.org/10.3390/en17225562. 
19. Li, F.; Tang, Q.; Yan, W.; Li, J.; Li, W.; Yang, T.; Lin, L.; Jiang, K.; Wang, K.; Zhang, W. 
Research on the Failure Analysis and Prediction Method of Casing Deformation under the Synergistic 
Effect of Sand Production and Corrosion in Weakly Consolidated Sandstone Reservoirs. Eng. Fail. 
Anal. 2023, 154, 107706. https://doi.org/10.1016/j.engfailanal.2023.107706. 
20. Peng, S.; Fu, J.; Zhang, J. Borehole Casing Failure Analysis in Unconsolidated Formations: A 
Case Study. J. Pet. Sci. Eng. 2007, 59, 226–238. https://doi.org/10.1016/j.petrol.2007.04.010. 
21. Shen, C.; Zeng, B.; Wu, J.; Song, Y.; Guo, X.; Zhou, X.; Li, J. Casing Deformation Response and 
Controlling Technology Based on Diagnostics of Shale Gas Fracturing Curve. Front. Energy Res. 
2022, 10, 958040. https://doi.org/10.3389/fenrg.2022.958040. 
22. Ghasemzadeh, H.; Sadrnejad, S.A.; Khodaei Ardabili, A. A Coupled Geomechanics-Hydrody-
namic Model for Numerical Prediction of Sand Production. Geomech. Geoenergy J. 2017, 1, 68–81. 
https://doi.org/10.22107/jpg.2017.50047. 
23. Du, P.; Guo, H.; An, Y.; Zhang, Y. Experimental Study on Optimization of Gravel Packing Pa-
rameters for Sand Control in Unconsolidated Sandstone Reservoirs. J. Mar. Sci. Eng. 2026, 14, 139. 
https://doi.org/10.3390/jmse14020139. 
24. Biot, M.A. General Theory of Three-Dimensional Consolidation. J. Appl. Phys. 1941, 12, 155–
164. https://doi.org/10.1063/1.1712886. 
25. Morita, N.; Whitfill, D.L.; Fedde, O.P.; Lovik, T.H. Parametric Study of Sand-Production Pre-
diction: Analytical Approach. SPE Prod. Eng. 1989, 4, 25–33. https://doi.org/10.2118/16990-PA. 
26. Veeken, C.A.M.; Davies, D.R.; Kenter, C.J.; Kooijman, A.P. Sand Production Prediction Review: 
Developing an Integrated Approach. In Proceedings of the SPE Annual Technical Conference and 
Exhibition, SPE-22792-MS, Dallas, TX, USA, 6–9 October 1991; pp. 335–346. 
https://doi.org/10.2118/22792-MS 
27. Yi, X.; Valko, P.P.; Russell, J.E. Predicting Critical Drawdown for the Onset of Sand Production. 
In Proceedings of the SPE International Symposium and Exhibition on Formation Damage Control, 
SPE-86555-MS, Lafayette, LA, USA, 18–20 February 2004; pp. 807–818. 
https://doi.org/10.2118/86555-MS 
28. Weingarten, J.S.; Perkins, T.K. Prediction of Sand Production in Gas Wells: Methods and Gulf 
of Mexico Case Studies. J. Pet. Technol. 1995, 47, 596–600. https://doi.org/10.2118/24797-PA. 
29. Shabdirova, A.; Minh, N.H.; Zhao, Y. A Sand Production Prediction Model for Weak Sandstone 
Reservoir in Kazakhstan. J. Rock. Mech. Geotech. Eng. 2019, 11, 760–769. 
https://doi.org/10.1016/j.jrmge.2018.12.015. 



 

 

30. Mohamad-Hussein, A.; Ni, Q. Numerical Modeling of Onset and Rate of Sand Production in 
Perforated Wells. J. Pet. Explor. Prod. Technol. 2018, 8, 1255–1271. https://doi.org/10.1007/s13202-
018-0443-6. 
31. Issa, M.A.; Issa, M.A.; Abdulkareem, A.N.; Al-Zuobaidi, A.A.; Hadi, F.A. Construct a Geome-
chanical Model to Estimate the Critical Drawdown Pressure for the Sandstone Reservoirs. J. Geol. 
Soc. India 2024, 100, 268–276. https://doi.org/10.17491/jgsi/2024/173826. 
32. Song, R.; Zhang, P.; Tian, X.; Huang, F.; Li, Z.; Liu, J. Study on Critical Drawdown Pressure of 
Sanding for Wellbore of Underground Gas Storage in a Depleted Gas Reservoir. Energies 2022, 15, 
5913. https://doi.org/10.3390/en15165913. 
33. Lu, Y.; Xue, C.; Liu, T.; Chi, M.; Yu, J.; Gao, H.; Xu, X.; Li, H.; Zhuo, Y. Predicting the Critical 
Drawdown Pressure of Sanding Onset for Perforated Wells in Ultra-Deep Reservoirs with High Tem-
perature and High Pressure. Energy Sci. Eng. 2021, 9, 1517–1529. https://doi.org/10.1002/ese3.922. 
34. Ayal, A.M.; Sadeq, D.J. Sand Production Prediction and Management Using a One-Dimensional 
Geomechanical Model: A Case Study in Nahr Umr Formation, Subba Oil Field. Iraqi Geol. J. 2024, 
57, 83–102. https://doi.org/10.46717/igj.57.2C.6ms-2024-9-14. 
35. Sun, H.; Ji, G.; Liu, Z.; Huang, D. Research Advance of Numerical Simulation Methods for Sand 
Production Prediction of Unconsolidated Sandstone. Front. Energy Res. 2023, 10, 1071320. 
https://doi.org/10.3389/fenrg.2022.1071320. 
36. Suleimanov, B.A.; Abbasov, H.F.; Ismailov, S.Z. A Comprehensive Review on Sand Control in 
Oil and Gas Wells Part II. Chemical Treatment and Sand Management. SOCAR Proc. 2024, 4, 27–
41. https://doi.org/10.5510/OGP20240401014. 
37. Ismayilov, S.; Karimov, I. Nanotechnology-Based Approaches for Sand Control in Oil Wells. 
Egypt. J. Pet. 2025, 34, 322–332. https://doi.org/10.62593/2090-2468.1087.    


