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ABSTRACT 

The productivity cf oil and gas wells can he improved thrcugh the use of 
efficiently designed acid fracturing treatments. The approach to acid 
fracturing treatment design presented in -Lnis paper tsahles a comparison of the 
production increases for various types of acid systems. In this study, four 
hydrochloric acid systems (plain, foamed, gelled anti crosslinked) were used to 
design acid fracturing treatments. An acid fracturing stimulation design 
comparison for three reservoirs is presented. 

INTRODUCTION 

The reaction of acid with carhondte rock occurs 2t a rapid rate and the 
acid is spent quickly. The rapid spending of acid limits the penetration of 
live acid into the formation. In order to increase penetration of live acid 
into the formation, many techniques and systems have been developed to retard 
the spending rate of acid. 

In this study, three systems: foamed acid, yelled acid and crosslinked 
acid are compared to plain hydrochloric acid. The four acid systems without pad 
or pre-pad stages are incorporated intc acid fracturing treatment designs. 
Three different reservoirs with bottomhole temperatures of 120, 150 and 225°F 
are analyzed. The reservoirs produce oil and have a range of permeability from 
1 to 20 md. 

ACID FRACTURING DESIGN 

Fracture Geometry 

The first step is to tirtermine the fracture geometry created by the acid 
system. A computer program may he used to calculate the fluid loss coefficient 
of the acid system at reservoir conditions. The fluid loss coefficient must he 
corrected for the effect of net/gross fracture height. A computer program can 
then calculate the width and penet, -ation created by the acid system at reservoir 
conditions. Initially, select values for n' and K' for each acid system at 
reservoir temperature. A predicted temperature profile of the fluid in the 
fracture should he performed in order to fine tune the design fluid temperature 
for the fluid loss coefficient, n' and K' values. Multiple runs of these 
programs may he required to determine the design fluid temperature. 

Acid Geometry 

A computer program to predict acid concentration of the acid system in the 
fracture and the amount of acid soluble rock removed should he run. The acid 
reaction rate coefficient should he selected according to the type of acid and 
design fluid temperature predicted in the created frac-iure geometry. The rock 
dissolving pcwer of a foamed acid treatment must be reduced by the amount of gas 
added to the system. In order to evaluate an equivalent amount cjf acid, a 
larger volume of foamed acid based on foam quality must he used. 
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An acid concentration versus penetration graph for the acid systems 
analyzed should he constructed. A graphical presentation of different types of 
acid systems as well as different gellant loadings can he used to help choose 
the most effective system. An acid concentration cf three percent is the lowest 
acid concentration considered to he effective in the fracture. 

Etched Fracture Width and Conductivity 

In order to determine an etched fracture conductivity, a rock removal 
profi!e for the acid system is required. First, select the total rock removed 
for each increment of fracture length. Next, determine the density of the rock 
being removed by the acid from ccre analysis, literature or experience. The 
average etched fracture width in each increment can then he determined from the 
fullowing equation: 

9’ = RR h 
(D)(L)(H) 

Where: 
w = civerage etched fracture width, ft 
RR = total rock removed, lb 
c = density of rock removed, lh/ft3 
1.. = fracture length increment, ft 
H = net etched fracture height, ft 

An average etched fractyre conductivity in each increment can be determined from 
the following equation: 

KefVef = 4.533 x 106(K3) 

b!here: 
K Ir: &ef ef 

= average etched fracture ccnductivity, D-ft 
= average etched fracture width, ft 

An average etched fracture conductfvity versus penetration graph for the acid 
systems analyzed can then he constructed. A graphical presentation of different 
types of acid systems as well as different gellant leadings can be used to help 
choose the most effective system. 

Optimum Etched Fracture Conductivity 

A graph of estimated producticn increase after fracturing for vertical 
fractures, Figure 1, as found in Hydraulic Fracturing by Howard and Fast can he 
used tc! determine an optimum etched fracture conductivity. The production 
increase is a functicn of fracture penetration and of the permeability contrast. 
The permeability contrast is dependent on fracture conductivity, formation 
permeability and well spacing. 

K 
PC = ef kef 40 

K.. l- ws 

h'here: 
PC 

e 
-v 

= permeahility contrast 
average etched fracture conductivity, D-ft 

= effective horizontal permeability, md 
= well spacing, acres 
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In order to find the optimum etched fracture conductivity, first rearrange 
equation (3) to solve for average etched fracture conductivity: 

KefWef = 
PC Ke 

(4) 

K (formation permeability) and WC (well spacing) are properties of the 
well t& be analyzed. In order to find the optimum PC (permeability contrast), 
determine at what point the production increase curves hecome horizontal over 
the range of penetrations obtained from the acid systems being examined. A 
horizontal production increase curve indicattis that increasing the etched 
fracture conductivity will result in a small incremental increase in the 
expected production increase. kt the point where the curves level off, drGF 

vertically to the permeability contrast axis and choose the correspunding value 
of PC. Now! plug this value of PC, and the known vo -1ues K and WS into equation 
(4) and solve for K W -. 
conductivity for thEgee 

This value is the cptimum etchgd fracture 
orresponding reservoir conditions. 

Draw the optimum etched fracture conductivity line on the average etched 
fracture conductivity graph. A comparison of acid systems and/or yellant 
loadings can be performed to see which one is closest to tt-le optimum etched 
fracture conductivity line. An acid system that i s much higher than the line is 
producing more etched fracture conductivity than is necessary. Converstily, an 
acid system that is lower than the line is producing insufficient etched 
fracture conductivity to efficiently drain the reservoir. The most effective 
treatment will be the one with the longest penetration that maintains an etched 
fracture conductivity greater than the optimum etched fracture conductivity. 

ACID FRACTURING DESIGN STUCY 

Reservoir A 

The acid fracturing treatment design technique was used on a .typical well 
in Reservoir A. The reservoir properties and treatment parameters may he found 
in Table I. The treatment fluid parameters for Reservoir A may be found in 
Table II. A total of four fluids, plain acid, foamed acid (70 quality, 
nitrogen), gelled acid (90 lb gellant/lOOC gallons acid) and crosslinked acid 
(40 lb gellant/lOCO gallons acid) were evaluated in this study. The design 
programs were run with the properties ef each fluid. Figure 2 is a graph of 
acid concentration versus penetration for the four fluids. Figure 3 is a graph 
of average ttched fracture conductivity versus penetration for the four fluids. 

An optimum etched fracture corductivity was then determined. A 
perrneahility contrast of 10 was selected as the point where the production 
increase curves flatten out (minimal production increase for etched fracture 
conductivity increase) in the range of acid penetrations (15 to 65 percent). 
Solving equation (4): 

Kefwef = 
l@(l) 

d- 

= 10 D-ft 
40 
40 

An optimum etched fracture conductivity of 10 D-ft was then drawn on Figure 3. 
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Iri this study, the regular acid only penetrated 100 feet into the formation 
with acid at a concentration of greater than three percent. A productivity 
index of 3.0 was predicted from the etched fracture conductivity data. The 
foamed acid penetrated 450 feet. A total volume of 50,000 gailons was analyzed 
(15,000 gallons acid + 35,000 galions nitrogen). A productivity index of 6.2 is 
predicted. The gelled acid and crosslinked acid penetrated 340 and 275 feet 
into the formation, respectively. A prcductivity index of 8.4 and 7.6 were 
predicted for the gelled acid and crosslinked acid. The foamed acid 
conductivity began to fail below the 10 D-ft optimum at about 150 feet of 
penetration. The gelled acid fell below the optimum line at 250 feet of 
penetration. In this analysis both the qclled acid and crosslinked acid are 
above or near the optimum conductivity line. 
of 1 md and needs a long, 

This reservoir has a permeability 

indexes. 
conductive fracture to obtain high proouctivity 

The gelled acid has lower viscosity than the crosslinked acid and in 
this case penetrates further, 
increase. 

thus giving a higher predicted productivity 

Reservoir B 

The acid fracturing treatment design technique was used on a typical well 
in Reservcir B. The reservoir properties and treatment parameters may be found 
in Table I. The treatment fluid parameters for Reservoir 0 may be found ir 
Table III. A total of four fluids, regular acid, foamed acid (7C quality, 
nitrogen), gelled acid (112 lb gellant/lOOO gallons acid) and crosslinked acid 
(50 lb gellant/lOOC gallons acid) were evaluated. The design prcgrams were run 
and analyzed. Figure 4 is ti graph of acid concentration versus penetration for 
the four fluids. Figure 5 is a graph of the average etched fracture 
ccnductivity versus penetration for the four fluids. 

An optimum etched fracture conductivity was then determined. A 
permeability contrast of 4 was selected as the poirt where the production 
increase curves flatten out over the range of acid penetrations (5 to 40 
percent). Solution of equation (4) gives an optimum etched fracture 
ccnductivit: of 160 D-ft. 

In this study, the gelled acid and crosslinked acid penetrated 57G and 555 
feet, respectively. Because of the low etched fracture conductivity, bcth acid 
systems predict a productivity index of 2.2. The foamed acid with a penetration 
of 200 feet had a predicted productivity index of 2.8. The regular acid 
penetrated 65 feet and had a predicted proauctivity index of 2.0. In this 
study, all the acid systems did not provide enough conductivity which resulted 
in the low predicted productivity indexes. This reservoir has a permeability of 
20 md and needs a highly conductive etched fracture to achieve higher 
productivity indexes. An improved design for this reservoir should include a 
viscous (crosslinked) pad to create a wide fracture before introduction of acid. 

Reservoir C 

The acid fracturing treatment design technique was used on a typical well 
in Reservoir C. The reservoir properties and treatment parameters may be found 
in Table I. The treatment fluid parameters for Reservoir C may be found in 
Table IV. A total of four fluids, regular acid, foamed acid (70 quality, 
nitrogen), gelled acid (135 lb/gellant/lOOO gallons acid) and crosslinked acid 
(50/lb gellant/lOOO gallons acid) were evaluated. The design programs were run 
and analyzed. Figure 6 is a graph of acid concentration versus penetration for 
the four fluids. Figure 7 is a graph of the average etched fracture 
conductivity versus penetration for the fcur fluids. 
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An optimum etched fracture conductivity was determined. A permeability 
contrast of lC! was selected as the point where the production increase curves 
flatten cut over the ranqe of acid penetration (5 to 60 percent). Solution of 
equation (4) gives an optimum etched fracture conductivity of 10 D-ft. 

In this study, the regular and foamed acid penetrated only 25 and 35 feet, 
respectively. The high reservoir temperature has reduced fluid viscosity and 
ledk-off control for these two system resulting in short penetrations. The 
short penetrations predict a productivity index of 2.2 for each system. The 
gelled acid and crosslinkrd acid penetrate 325 and 415 feet, respectively. The 
hiqher reservoir temperature has reduced the fluid loss properties of the gelled 
acid more than the crosslinked acid. The difference in viscosity of the two 
fiuids is also smailer than in the other two analyses. As a result, the 
crosslir,ked acid penetrated farther. However, since both systems are below the 
optimum etched fracture conductivity, the difference in the predicted 
productivity index is small. The gelled acid has a productivity index of 5.0 
versus a productivity index of 5.2 for the crosslinked acid. An improved design 
would include a viscous (gellea) pad to cool the formation and to help control 
the fluid loss of the acid fluid systems. 

C0rKLUS10NS 

In general, an acid fracturing design technique has been developed to aid 
in selection of an acid system for a particular reservoir. This technique also 
helps determine the etched fracture conductivity and penetration required to 
efficiently improve productivity. 

The acid fracturing design technique consists of the following steps: 

l . Determination of fracture geometry. 
2. Getermination of an acid geometry. 
3. Prediction of an etched fracture width and conductivity. 
4. Determination of an optimum etched fracture conductivity. 
5. Review and analyze. 
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Table 1 (I) 
Reservoir Properties 

Table 2 (II) 
Treatment and Fluid Parameters 

Reservoir A 

Table 3 (Ill) Table 4 (IV) 
Treatment and Fluid Parameters 

Reservoir B 
Treatment and Fluid Parameters 

Reservoir C 

Average Etched Fracture ,026 
Uidth. I”. 
50 Percent Penetratro” 

Average Etched Fracture 
Ytdth, in. 
90 Percent Penetration 

,038 

Productivity Index. J/J, 2.2 

70,000 

16 

15 

Pane 

.00245 

46 

.36 

.027 

.7% 

,428 

.166 

2.8 

21,000 21,000 

16 16 

If 15 

112 5" 

.0010* .00063 

e3 195 

.‘LY .43 

.025 .076 

.213 ,196 

,151 ,156 

,096 .,21 

2.2 2.2 

Average Etched Fracture 
Yldth, in. 
90 Percent Penetration 

5” ,“OC 

1: 

15 

none 

.0”“63 

46 

.?9 

,022 

I .826 

,654 

,118 

2.2 

15.6OC 15.000 

12 12 

15 15 

135 50 

.00132 ."0073 

E5 116 

.4? .53 

,027 ,021 

.221 ,161 

,115 ,090 

,040 .039 

5.0 5.2 
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ktWt = fracture conductivity, darcy-ft 
(k, - fracture permeability, darcies) 
(W, - fracture width, ft) 

k. = effective horizontal permeability, md 

J‘ = productrvity index after fracturing 

J0 = productivity index before fracturing 

7.13 

( ) In 0.472 r./rr 
= correction factor for well 

diameter and well spacing 

r. = drarnage radius, ft 

rr = wellbore radius, ft 

6 

0 
__ _- ._ .-/___--,.- d . .-_ 

0. I 0.2 0.4 0.6 0.6 1.0 2 4 6 6 IO 20 40 60 60 100 

ktWt 
k. 

40 
(well spacing, acres) 

Figure l-Estimated production increase after fracturing (vertical fractures) 



Figure e--Acid concentration versus 
penetration-Reservoir A 

Figure 4-Acid concentration versus 
penetration-Reservoir B 

Figure 3-Average etched fracture 
conductivity versus penetration- 

Reservoir A 

Figure 5-Average etched fracture 
conductivity versus penetration- 

Reservoir B 
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Figure 6-Acid concentration versus 
penetration-Reservoir C 

Figure 7-Average etched fracture 
conductivity versus penetration- 

Reservoir C 
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