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1- Underbalanced Drilling (UBD)
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1- Cubic Foot per Minute (CFM)
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1- Formation damage
2- Brackish

3- Pneumatic Fluid
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1- Dust drilling
2- Mist drilling

3- Foam drilling
4- Aerated mud drilling

5- Lost circulation material (L.C.M)
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Press Delta p Air
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Surface 0 12.439 12.439 6900 0 0.194 0
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ANLS 1406 20.978 0.427 | 4465982 | 22.454 0.103 8.675
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P de Dep Pre D Delta p (p 0 0
Surface 0 12.439 12.439 5000 0
Blooey 0 13.837 0 4495.043 63.858
ANLS (1) 75 14.046 0.21 4449.503 7.423
ANLS (2) 1183 17.736 3.69 3776.749 5.447
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P de Dep Pre D Delta p (p 0 0
Surface 0 12.439 12.439 1600 0
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1- General Regression Neural Network (GRNN)
2 - Specht

3 -Probability density function (PDF)

4 - Smooth factor

5- Correlation Coefficient
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This model type fits these terms
1) linear ABCD

2) linear and ABCD

squares A*A B*B CxC D*D

3) linear and two- ABCD

way interactions A*B A*C A*D B*C B*D C*D

4) full quadratic ABCD
A*A B#*B C+C D+*D
A*B A*C AxD B*C B*D C*D
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Term Coef SE Coef P
Constant 6.05118 0.08165 0.000
md 0.01909 0.06236 0.761
wob -0.76225 0.06236 0.000
rpm 2.23684 0.06236 0.000
gpm 0.95418 0.06236 0.000
air 1.60378 0.06236 0.000
tooth wear -0.29654 0.06236 0.000
Hardness -0.29556 0.06236 0.000
md*md 0.89886 0.08080 0.000
wob*wob 0.49165 0.08080 0.000
air*air 0.74295 0.08080 0.000
hardness*hardness 0.43532 0.08080 0.000
md*wob -0.46699 0.10802 0.000
md*gpm -2.44699 0.10802 0.000
md*hardness -2.34652 0.10802 0.000
wob*rpm 0.69634 0.10802 0.000
wob*gpm -0.46124 0.10802 0.000
wob*air -0.69786 0.10802 0.000
wob*tooth wear 0.45119 0.10802 0.000
rpm*gpm -0.37198 0.10802 0.002
rpm*air -1.71293 0.10802 0.000
rpm*tooth wear 0.55259 0.10802 0.000
rpm*hardness -1.49677 0.10802 0.000
gpm*air 3.09791 0.10802 0.000
gpm*tooth wear 0.76339 0.10802 0.000
gpm*hardness 1.51756 0.10802 0.000
air*tooth wear -0.55414 0.10802 0.000
air*hardness 1.15889 0.10802 0.000
tooth wear*hardness -0.28929 0.10802 0.011
S = 0.305522 PRESS = 13.0596
R-Sq = 99.39% R-Sq(pred) = 97.43% R-Sqg(adj) =
standard error of the coef ficient (SE Coff) = Sqrt((X'X~1) §2) x-%)
035 (eas (MSE) U ey (Sikeo 5 calyd ono Sl oy 87 5 S 398 abal, o
el 00U

t.value (T) =

Estimated coefficient

Standard error of coefficent

(F-%)
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552 =Sk (b sl el U0 —F s
Source DF Seq SS Adj SS Adj MsS F P
Regression 28 505.448 505.448 18.052 193.39 0.000
Linear 7 221.824 221.824 31.689 339.49 0.000
md 1 0.009 0.009 0.009 0.09 0.761
wob 1 13.944 13.944 13.944 149.39 0.000
rpm 1 120.082 120.082 120.082 1286.46 0.000
gpm 1 21.851 21.851 21.851 234.09 0.000
air 1 61.730 61.730 61.730 661.32 0.000
tooth wear 1 2.111 2.111 2.111 22.61 0.000
hardness 1 2.097 2.097 2.097 22.46 0.000
Square 4 20.144 20.144 5.036 53.95 0.000
md*md 1 8.327 11.552 11.552 123.76 0.000
wob*wob 1 2.090 3.456 3.456 37.03 0.000
air*air 1 7.018 7.892 7.892 84.55 0.000
hardness*hardness 1 2.709 2.709 2.709 29.03 0.000
Interaction 17 263.480 263.480 15.499 166.04 0.000
md*wob 1 1.745 1.745 1.745 18.69 0.000
md*gpm 1 47.902 47.902 47.902 513.18 0.000
md*hardness 1 44.049 44.049 44.049 471.91 0.000
wob*rpm 1 3.879 3.879 3.879 41.56 0.000
wob*gpm 1 1.702 1.702 1.702 18.23 0.000
wob*air 1 3.896 3.896 3.896 41.74 0.000
wob*tooth wear 1 1.629 1.629 1.629 17.45 0.000
rpm*gpm 1 1.107 1.107 1.107 11.86 0.002
rpm*air 1 23.473 23.473 23.473 251.47 0.000
rpm*tooth wear 1 2.443 2.443 2.443 26.17 0.000
rpm*hardness 1 17.922 17.922 17.922 192.01 0.000
gpm*air 1 76.776 76.776 76.776 822.51 0.000
gpm*tooth wear 1 4.662 4.662 4.662 49.95 0.000
gpm*hardness 1 18.424 18.424 18.424 197.38 0.000
air*tooth wear 1 2.457 2.457 2.457 26.32 0.000
air*hardness 1 10.744 10.744 10.744 115.10 0.000
tooth wear*hardness 1 0.670 0.670 0.670 7.17 0.011
Residual Error 33 3.080 3.080 0.093
Lack-of-Fit 28 3.080 3.080 0.110 1.183 0.079
Total 61 508.528
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F= Adj MS(term)/MS Error (\0-5)

1- Sequential sum of squares
2- Adjusted sum of squares

3- Adjusted mean square
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Normal Probability Plot
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(Y+-0)
ROP =(6.05118)+0.01909* (md) - 0.76225* (wob) + 2.23684* (rpm)+ 0.95418* (gpm) +

1.60378* (air)-0.29654* (tooth wear)- 0.29556* (hardness) + 0.89886*(md2)+
O.49165*(wob2)+ O.74295*(air2)+ O.43532*(hardnessz)— 0.46699* (md*wob) -

2.44699* (md*gpm) - 2.34652* (md*hardness)+ 0.69634* (wob*rpm)- 0.46124* (wob*gpm) —
0.69786* (wob*air)+0.45119* (wob*tooth wear)- 0.37198* (rpm*gpm) -

1.71293* (rpm*air)+0.55259* (rpm*tooth wear)-1.49677* (rpm*hardness) +

3.09791* (gpm*air)+0.76339* (gpm*tooth wear)+1.51756* (gpm*hardness)

0.55414* (air*tooth wear)+1.15889* (air*hardness)- 0.28929* (tooth

wear*hardness)
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Main Effects Plot for rop
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Main Effects Plot for rop
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Abstract

The purpose of any drilling operation is to drill in the shortest possible time to
minimize the costs in compliance with the safe operations. The concept of time of any
drilling operation can be stated in terms of bit’s rate of penetration (ROP). There are
several parameters that impact the rate of penetration. A mathematical relationship
between these parameters and ROP assists in increasing the drilling speed by selecting
optimum parameters. Due to the frequency of fractured formations in the South Zagros
Basin up to 3000 meter, air and foam drilling method is an adequate alternative to the
formal mud drilling. This study aims to mathematically relate ROP to mechanical (weight
on bit, rotary speed), hydraulic (air flow rate, liquid flow rate) and local (formation
hardness, depth) parameters in foam drilling to achieve the maximum rate of penetration.
A commercial hydraulic air drilling software was used to calculate the optimum air flow
rate for decreasing the problem of Shanul field in air and foam drilling. The optimum air
injection rate was estimated between 1000 to 2000 CFM. A rate of penetration model has
been predicted by a designed artificial neural network (ANN) using real data of 2 wells,
namely Shanul #6 and #10. The corroletion coefficient of training, validation and test
process of ANN were calculated to be equal to 0.9995, 0.9992 and 0.9973 respectively.
After checking of the ANN model’s accuracy, it was then used for predicting of the ROP
in design of experiment (DOE) to make a simple correlation between effective parameters
and ROP using MiniTab software. Finally the most important of drilling parameters on
ROP for 26, 17.5 and 12.25 (inch) holes has been investigated and ROP has been
optimized.
Key Word: Rate of penetration, drilling parameters, air and foam drilling, design of

experiments, ANN
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