
Authors Response 

Reviewer 1 

General Comment 

The reviewer expressed concerns about the unavailability of mathematical equations to 

support the geological processes that were applied in the forward stratigraphic simulation. 

Also, the reviewer suggests that proper formatting and modification is done to Table 1, Table, 

and Figure 12. Finally, the reviewer called for necessary corrections done to formatting styles 

and spelling mistakes. 

Author Response: We agree with comments from the reviewer. Additional information on 

how geological processes in GPMTM operate have been included in the manuscript. 

Author Changes: Changes made in the manuscript include: 

Steady and Unsteady Flow Process 

Appropriate equations for fluid/sediment movement has been provided to illustrate the 

mathematical basis for these processes: 

The simplified Navier-Stokes comprises of two key parameters that partly rely on channel 

geometry and flow velocity. The Navier-Stokes equation combines the continuity equation 

(2) and the momentum equation (3) to generate the equation on which the steady and 

unsteady flow processes evolve. 

The continuity equation integrates the conservation of mass: 

𝜕𝜌

𝜕𝑡
 + 𝛻.𝜌q = 0                    (1) 

Where 𝜌 is fluid density, t is time, and q the flow velocity vector. 



The equation that shows the changes in momentum by the fluid: 

p.(
𝜕𝑞

𝜕𝑡
+ (𝑞. 𝛻)𝑞) =  −𝛻𝜌 +  𝛻. 𝜇𝑈 +  𝜌(𝑔 +  𝛺𝑞)           (2)  

Where P is pressure, t is time, μ is fluid viscosity, and U is the Navier Stokes tensor. 

Keeping density (𝜌) and viscosity (μ) as constant, a simple flow equation is obtained: 

𝜕𝑞

𝜕𝑡
 + (q .𝛻)q = -𝛻Φ + v𝛻²q + g          (3) 

Where, Φ is the ratio of pressure to constant density (i.e. P/𝜌), and v is the kinematic 

viscosity (i.e. μ/𝜌) 

The solution of the framework formed in (3) is completely obtained by specifying various 

boundary conditions that are used in the steady and or unsteady flow processes. 

Diffusion Process 

Like the unsteady/steady flow process, the guiding equation for sediment diffusion was also 

provided in the manuscript: 

Fe = αeMe + αeΦD.
𝑈𝑓𝑖−𝑈𝑒𝑖

𝑇𝑝
           (4) 

Me is the resultant force of other forces with the exception of drag force, Tp stokes relation 

time, expressed as: Tp = 𝜌𝜌D²/(18𝜌fVf), with 𝜌f and Vf as density and viscosity of fluid 

respectively. ΦD is a coefficient that accounts for the non-linear dependence of drag force on 

grain slip Reynolds number (Rp). 

ΦD = 
Rp

24
𝐶𝐷            (5), with CD sediment grain coefficient. 



With the flow component in place, the diffusion coefficient (Di) is deduced from the Einstein 

equation. Using an assumption that the diffusion coefficient decreases with increasing grain 

size and rise in temperature, and that the coefficient f is known, the expression for Di is: 

Di = 
𝐾𝐵.𝑇

𝑓
           (6) 

Meanwhile, f is a function of the dimension of the spherical particle involved at a particular 

time (t). In accounting for f, the equation for Di changes into: 

Di = 
𝐾𝐵.𝑇

6.𝜋.ղ𝑜.𝑟
          (7) 

The rate diffusion of diffusion relative to topography in the simulator is achieved through; 

𝜕𝑧

𝜕𝑡
= 𝐷𝑖∇²z          (8) 

where z is topographic elevation, k the diffusion coefficient, t for time, and ∇²z is the 

laplacian. 

Sediment Accumulation 

Based on Tetzlaff & Harbaugh (1989), sediment accumulation in the stratigraphic simulator 

is also supported with the following equations: 

(H – Z)
𝐷𝑙𝐾𝑠

𝐷𝑡
= 𝑓(𝑄, 𝛻𝐻, 𝛻𝑍, 𝐿, 𝐹, 𝐾𝑠 , 𝑘(𝑍))          (9) 

Where;  

H is the free surface elevation to sea level, Z is the topographic elevation for sea level, Ksis 

the sediment type, lks, is the volumetric sediment concentration of a specific type (k), L is the 

vector that defines sediment concentration of each type, F is the matrix of coefficients that 

define each sediment type, and t is the time. 



Sediment accumulation relies on (i) basin geometry and tectonics (Bajpai et al. 2001) (ii) 

erosion and volume of sediment transported (Cheng, et al. 2018), (iii) prevailing 

accommodation. 

Based on Cheng et al. (2018), sediment accumulation over a period (Ar) is: 

Ar = Ver – Ves             (10) 

Ves, is the total volume of sediments that may escapes from the basin. Ver is the total volume 

of sediments eroded into the basin. Ver = Aer x Rer x t; where Aer is the average erosion area, 

Rer is the average erosion rate, and t, time. 

Because source position for the sediment accumulation process is areal, the volume of 

sediments accumulated in a specific layer (k) in the basin; excluding porosity, is expressed 

as: 

Ar = ∑ 𝐴𝑟𝑘  𝑛
𝑘=1            (11) 

Taking into account the impact of porosity (ϕ) in this process, the equation for the sediment 

accumulation is: 

Ar = ∑ [(1 − 𝜙0 ∗ 𝑒−𝑐∗𝑧𝑘) 𝑋 𝑉𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑𝑘
 𝑛

𝑘=1                  (12) 

Where; Vobservedk is the volume of sediment and porosity observed in a specific layer (k), ϕ0 is 

the surface porosity, c is the porosity-depth coefficient (after Sclater & Christie, 1980), and 

Zk is the average depth of the layer k. 



Tables and Figures: Changes include Table 1, Table 5, and Figure 12. 

Table 1. Lithofacies-associations in the Hugin formation, Volve Field (after Kieft et al. 2011). 

 



Table 5. A comparison of a) porosity, and b) permeability estimates from selected intervals in the 

original porosity/permeability models and forward modeling-based porosity and permeability models. 



 

Figure 12a. Comparing porosity in validation Well 1 in  five stratigraphic-based realizations, and the original model at similar vertical intervals.   



 

Figure 12b. Comparing porosity in validation Well 2 in five stratigraphic-based realizations, and the original model at similar vertical intervals.



Reviewer 2 

General Comments  

The reviewer advised that we double check for all typographical errors (misspellings, 

punctuation etc.) in the text before final publication. 

Authors Response  

The necessary correction have been effected to address concerns of the reviewer. 

 


