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1. SUMMARY 
 
On the 7

th
 June 2011, Moranbah Gas Project well M219FR Zone 2 (PL1&2 + GR) was fracture 

stimulated. The first pumping treatment was a Step down test to determine near wellbore friction.  
 
The main treatment was pumped with small step down test followed straight with a pad.  
 
During the pad stage the pressure declined by around 425 psi with few pressure spikes during the 
prop stages. After three separate prop step stages during the sweep total of 10 perf balls were 
dropped. 
 
First set of 5 perf balls were dropped in 10 secs interval after around 61 bbls being pumped. No 
pressure increase was observed until 3

rd
 ball hit the formation resulted in around 40 psi increase with 

no further increase in pressure. 
 
Second set of 5 perf balls were dropped in 10 secs interval after further 80 bbls were pumped. Again 
no pressure increase was observed until the 3

rd
 ball hit the formation resulting in around 23 psi 

increase with no further increase in pressure.  
 
Total of 219 bbls were pumped during the perf ball stage before prop stage was resumed. The prop 
step stages were pumped with sweeps in between achieving max conc of 1.5 ppg.  
 
The sand count on Data Acquisition system was off by 5.1% (reading more) compared to physical 
volume loaded for the job. All proppant loaded was pumped with flush to perf. 
 
The treatment fluid was treated CSG water (as per Table 1) and proppant used was 20/40 sand. 
 
As required by the Arrow PEN100015907. Hydraulic Fracturing Chemical Risk Assessment water 
monitoring is required throughout the course of the work. 
Samples of the injection water and return water were collected and analyzed for pH, TDS, major 
cations and anions, metals, THMs, BTEX compounds, naphthalene, phenanthrene and TPH fractions 
at the following frequencies:  

• 20% and 80% of the Injected water volume recovery. 

• 20%, 80% and 150% of the Returned water volume recovery. 
 
No treatment sample was taken during this job. During the Zone 1 (GM) Treatment a 20% injection 
volume sample (based on design) was taken at 1,485 bbls and based on the total well injection 
volume (based on actual) this was equivalent to 16.23 %. 
 
Zone 1 Injection Volume = 4,466.3 bbls 
Zone 2 Injection Volume = 1,814.9 bbls 
Zone 3 Injection Volume = 1,117.9 bbls 
Zone 4 Injection Volume = 1,752.1 bbls 
Total Injection Volume = 9,151.2 bbls 
 

Table 1. Fluid Composition/Usage 

Additives Designed Actual Pumped Total Used Units 
Acetic Acid 105.31 140.06 151.42 L 
Sodium Hypochlorite 105.31 109.78 117.35 L 
 
Note: Actual usage is the physical volume pumped down into a well. Total used include volume for 
priming chemical pumps and flushing the lines. Post fracture product composition uses Actual. 
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2. WELL DETAILS 
 

Table 2.  Reservoir Details 

Parameter Value Unit Source 
Formation Name PL1&2 + GR  Provided 
Reservoir Fluid Water  Provided 
Reservoir Temperature ~ 55.5 °C Estimated (@ 703 m) 
Reservoir Viscosity (water) ~ 0.503 cp Estimated 
Reservoir Pressure ~ 822 psi Estimated 
In-situ Permeability - md Estimated 
Surface Static Pressure (Pre-frac) 833 psi Observed 
Net Pay 3.2 m Provided 
 
 

Table 3.  Perforation Intervals Planned 

 

 

 
 

Table 4.  Perforation Intervals Actual 

Date (m KB) SIZE TYPE SPF TYPE WT(g) #perf

7/ 06/ 2011 520.11 - 520.92 2 3/ 4 HSC 6.000  SDP-2750-311NT4 15.0 42

FORMATION
PERFORATED COAL SEAMS GUN: CHARGES:

PL1&2 + GR
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Table 5.  Completion Details Planned 
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3. DIAGNOSTIC TECHNIQUE

Analysis of fracture treatment pressure data 
can quantify proppant placement problems. The most common di
hydraulic fracturing activities is Fracture Pressure Analysis.  

Real-time Fracture Pressure Analysis allows 
taken in real-time to minimize potential proppant placement probl

The most popular Fracture Pressure Analysis
involves plotting the log of net treating pressure vs. log of pump
difference between bottom-hole fluid pressure in the fracture a

Several regimes of fracture growth can be determi

The optimum treating pressure response is indicated by a positive slope of 
fracture growth with restricted height. 

A zero slope indicates stable height growth with continued propagation of length. 

Negative slopes indicate unstable height growth while steep positive
restricted extension.  

Generally, a higher slope indicates a restriction nearer the wellbore.

The interpretation of the fracture pressure response shown by the plot is dependent on the 
assumptions of the particular model 
in bottom-hole fracture pressure during the job. 
interpret fracture behavior during pumping.

It should be noted that the curves are non

• Perforation and near well bore erosion;

• Perforation and near wellbore bridging/packing;

• Changes in leak off due to fissures; and

• Perm changes, etc and due to changes in the fluids (primarily friction with water 
can be density or viscosity changes).

 
Prior to the Main Fracturing treatment a step down
perforation (Pperf) and near wellbore Pressure (friction) losses (NWBPL). Since the step down 
analysis is performed using surface 
analysis credibility. This analysis is used to determine near wellbore pressure loss effects (i.e., 
problems with anomaly high pressures which may cause a near wellbore screen
potential issues with the entry of sand through the perforations.
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DIAGNOSTIC TECHNIQUES 

nalysis of fracture treatment pressure data can provide insight into hydraulic fracture dimensions and 
can quantify proppant placement problems. The most common diagnostic technique 
hydraulic fracturing activities is Fracture Pressure Analysis.   

time Fracture Pressure Analysis allows stimulation practices to be optimized and measures 
time to minimize potential proppant placement problems. 

Fracture Pressure Analysis technique was presented by Nolte and Smith. It 
involves plotting the log of net treating pressure vs. log of pumping time.  N

hole fluid pressure in the fracture and total fracture closure stress.

Several regimes of fracture growth can be determined using the Net Pressure Plot

Figure 1 - Net Pressure Plot 

The optimum treating pressure response is indicated by a positive slope of 1/2 to 
fracture growth with restricted height.  

A zero slope indicates stable height growth with continued propagation of length. 

Negative slopes indicate unstable height growth while steep positive slopes indicate tip screen

Generally, a higher slope indicates a restriction nearer the wellbore. 

The interpretation of the fracture pressure response shown by the plot is dependent on the 
assumptions of the particular model from which it was derived. It also requires knowledge of variations 

hole fracture pressure during the job. This technique is used by many service companies to 
interpret fracture behavior during pumping. 

the curves are non-unique and can be affected by other factors such as:

ion and near well bore erosion; 

near wellbore bridging/packing;  

off due to fissures; and 

Perm changes, etc and due to changes in the fluids (primarily friction with water 
ensity or viscosity changes). 

Prior to the Main Fracturing treatment a step down test is performed and analyzed to calculate 
perforation (Pperf) and near wellbore Pressure (friction) losses (NWBPL). Since the step down 
analysis is performed using surface treating pressure, the pipe friction needs to be entered for 
analysis credibility. This analysis is used to determine near wellbore pressure loss effects (i.e., 
problems with anomaly high pressures which may cause a near wellbore screen
potential issues with the entry of sand through the perforations. 
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hydraulic fracture dimensions and 
agnostic technique used during 

be optimized and measures 

technique was presented by Nolte and Smith. It 
ing time.  Net pressure is the 

nd total fracture closure stress. 

lot (see Figure 1).  

 

to 1/4 indicating lateral 

A zero slope indicates stable height growth with continued propagation of length.  

slopes indicate tip screen-outs or 

The interpretation of the fracture pressure response shown by the plot is dependent on the 
so requires knowledge of variations 

technique is used by many service companies to 

her factors such as:- 

Perm changes, etc and due to changes in the fluids (primarily friction with water Fracs, but it 

is performed and analyzed to calculate 
perforation (Pperf) and near wellbore Pressure (friction) losses (NWBPL). Since the step down 

treating pressure, the pipe friction needs to be entered for 
analysis credibility. This analysis is used to determine near wellbore pressure loss effects (i.e., 
problems with anomaly high pressures which may cause a near wellbore screen-out) and if there are 
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This analysis is performed after fracture propagation has been established. Then during the step 
down the rate is decreased in a stair-step fashion for a short period of time while the pressure 
stabilizes. As the injection rate decreases, the pressure will also decrease as a result of perforation 
and near wellbore pressure losses. The relationship between the decreasing rate and pressure results 
in a determination of near wellbore pressure losses. 
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4. GEOLOGICAL OVERVIEW 

Hydraulic Fracturing was carried out on 5 intervals in this well, whose details and depth are 
highlighted in yellow below. 

 
This report only covers the Fracture Stimulation treatment of Zone 2 – PL1&2 + GR seam 
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5. STEP DOWN TEST 
 

 
 

The Step Down test is a diagnostic analysis to determine if the downhole losses correspond to 
perforation or formation restriction. An alpha coefficient for the graph near 0.5 indicates tortuosity and 
+/- 2 indicates perforation problems.  In this case the coefficient found of 0.773279 indicates that there 
are signs of near wellbore tortuosity but total difference in pressure were 862 psi which indicates 
possible both tortuosity and perf restriction. 
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6. MAIN TREATMENT 

Table 6.  Main Treatment Summary 

Parameter Value Units 
Ave Rate 20.5 bpm 
Ave STP 2,130.6 psi 
Breakdown Pressure (Surface) 
Max Surf Treating Pressure reached 

2,534 
2,534 

Psi 
psi 

ISIP (end of Step Down Test) 1,485 psi 
ISIP (end of main treatment) 1,523 psi 
Fracturing Gradient (end of SDT) 1.33 psi/ft 
Fracturing Gradient (end of main) 1.36 psi/ft 

Friction Pressure (∆P, end of SDT) 862 psi 

Friction Pressure (∆P, end of main) 165 psi  

Treatment Fluid Type Treated water  
Treatment Pad Volume 253.5 bbls 
Treatment Total Volume (Clean) 1,814.9 bbls 
Treatment Flush Volume 41.7 bbls 
Scheduled Proppant 25,500 0 0 lbm 
Proppant Placed 26,450 0 0 lbm 
Proppant Type 20/40 16/30 100 Mesh  
 
Figure 1.  Treatment Plot – Main Frac 

 
Figure 2.  Treatment Plot – Additives 

 



Baker Hughes Incorporated 
Pressure Pumping 

Arrow_M219FR_Zone-2 

 

 

Baker Hughes – Well Services (Australia) Pty Ltd.                                                            Page 11 of 39 
108 Poole Street, Welshpool, Western Australia 6106 
 

7. HISTORY MATCH 
 
 
 

6.1 Calculated Values at End of Treatment 

This is a Non-unique solution and the output numbers should be used with caution 
 GR PL1&2  

Slurry Volume Injected 823.33 1021.6 (bbl) 
Liquid Volume Injected 810.02 1004.9 (bbl) 
Fluid Loss Volume 731.49 795.89 (bbl) 
Frac Fluid Efficiency 0.11154 0.22093  
Net Frac Pressure 50.585 36.24 (psi) 
Length (one wing) 96.498 101.9 (m) 
Upper Frac Height 24.125 25.476 (m) 
Lower Frac Height 24.125 25.476 (m) 
Upper Frac Height (TVD) 478.6 495.04 (m) 
Lower Frac Height (TVD) 526.84 545.99 (m) 
Total Frac Height 48.249 50.952 (m) 
Max. Frac Width at Perfs 0.0098247 0.021652 (ft) 
Avg. Hydraulic Frac Width 0.0065498 0.014435 (ft) 

 
 
 
 

6.2 History Match 

 
This is a Non-unique solution and the output numbers should be used with caution 
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6.3 Fracture Profile 

 
This is a Non-unique solution and the output numbers should be used with caution 
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8. APPENDIX 1 – DAILY REPORT  
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9. APPENDIX 2 – EQUIPMENT LIST 
 
 
Fracturing Equipment:  2 x  2000 HHP Rhino Quintaplex 6.5” Fluid End Frac Pump 
           1 x   Mobile Frac Blender (MFB) 125E TM Blender  
                             1 x   Mobile Sand Storage Trailer Mounted (220,000 lb) 
           1 x  Computerised Stimulation Treatment Van/Container (STV/STC 1400)  
              c/w BJ Services Job Master™ and Isoplex™ Data Acquisition  

System and BJ Fracman™ (single panel for multiple pump control 
system)  

           1 x   Iron Truck (Full 1502 3” Iron package) 
                              1 x    lot 4 inch Suction and Discharge Hoses 

2 x  3” HP Nitrogen Charged Back Pressure, In Line Over Pressure Relief 
Valve   

                    1 x    set of Pressure Transducers and Cables 
           2 x  Chemical Transfer Pump c/w Hoses 
           1 x  Personnel Communications System 
           1 x  Crew Container (Canteen) with Field Lab 
                              1 x  Forklift – 4.5 MT Manitou 
           1 x  10 inch suction hose with snorkel package (not used on this well) 
           2 x  500 bbls capacity Mobile Frac tanks 

2 x 5” Wellhead, Frac head and flow-back iron (only 1 set used on this 
well) 

2 x Crew Vehicle 
 
Wire Line Equipment:  1 x  Wireline Unit (WU#14) with Lubricator, BOP’s and data acquisition 
(Vause Wireline)    1 x  Crew Vehicle 
 
Crane Equipment:   1 x  50T Slew Crane and lifting gear 
(LCR)         1 x  Crew Vehicle 
 
Transfer Pumps:    2 x  Sykes CP200, 200 mm (8”) Centrifugal Pumps 
(Coates Hire)      1 x  Sufficient length of 8” lay-flat hose 
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10. APPENDIX 3 – MAIN TREATMENT SCHEDULE (DESIGNED) 
 
 

 
  

PROPPANT SCHEDULE Client Arrow

(m) (m) (in) (in) (bbls/m) (bbls) (gals) Well No M219FR

Top Bottom OD ID Cap. Volume Volume Zone No 2

0.00 698.17 5.500 4.950 0.0780935 54.52 2289.95 Location QLD

0.00 0 0.00 0.00 Date 7-Jun-11

(m) Treatment Type Fracture Stimulation

Perf No. Seam Top Bottom SPF No. Dia. Displace Zone Gap Fluid Type Treated Water

1 QA1 & QA21 420.91 424.47 3 35 0.38 32.87 4 22.04 Sand Type 20/40

2 QA22 446.51 447.73 6 24 0.38 34.87 3 54.38 Supervisor Clayton James

3 GR 502.11 503.33 6 24 0.38 39.21 2 16.78 Engineer Robin Kim

4 PL1 & 2 520.11 520.92 6 16 0.38 40.62 2 57.9 Client Rep Jeff Dzeryk

5 GM 578.82 584.87 3 60 0.38 45.20 1

6

Clean Fluid Volume        Proppant      Slurry Volume Injection                 Time

Stage Fluid Stage Stage Cum Conc. Size Stage Cum Stage Cum Rate Stage Cum Remarks

(gals.) (bbls) (bbls) (lbm/gal) (lbm) (lbm) (bbls) (bbls) (bbls/min) (min) (min)

1 Treated Water 13,000 309.5 309.5 0.00 0 0 309.5 309.5 15 20.6 20.6 Pad

2 Treated Water 3,000 71.4 381.0 0.25 20/40 Sand 750 750 72.2 381.8 15 4.8 25.5 Prop

3 Treated Water 3,000 71.4 452.4 0.50 20/40 Sand 1500 2250 73.0 454.8 15 4.9 30.3 Prop

4 Treated Water 3,000 71.4 523.8 0.75 20/40 Sand 2250 4500 73.9 528.7 15 4.9 35.2 Prop

5 Treated Water 4,000 95.2 619.0 0.00 0 4500 95.2 623.9 15 6.3 41.6 Sweep

6 Treated Water 3,000 71.4 690.5 0.50 20/40 Sand 1500 6000 73.0 696.9 15 4.9 46.5 Prop

7 Treated Water 3,000 71.4 761.9 0.75 20/40 Sand 2250 8250 73.9 770.8 15 4.9 51.4 Prop

8 Treated Water 3,000 71.4 833.3 1.00 20/40 Sand 3000 11250 74.7 845.5 15 5.0 56.4 Prop

9 Treated Water 3,000 71.4 904.8 1.25 20/40 Sand 3750 15000 75.5 920.9 15 5.0 61.4 Prop

10 Treated Water 4,000 95.2 1000.0 0.00 0 15000 95.2 1016.2 15 6.3 67.7 Sweep

11 Treated Water 3,000 71.4 1071.4 0.50 20/40 Sand 1500 16500 73.0 1089.2 15 4.9 72.6 Prop

12 Treated Water 3,000 71.4 1142.9 0.75 20/40 Sand 2250 18750 73.9 1163.1 15 4.9 77.5 Prop

13 Treated Water 3,000 71.4 1214.3 1.00 20/40 Sand 3000 21750 74.7 1237.7 15 5.0 82.5 Prop

14 Treated Water 3,000 71.4 1285.7 1.25 20/40 Sand 3750 25500 75.5 1313.2 15 5.0 87.5 Prop

15 Treated Water 1,640 39.0 1324.8 0.00 0 25500 39.0 1352.2 15 2.6 90.1 Flush

(bbls) (gals) (SG) No. Bags (lbm)

Fluid 1 Treated Water 1,324.8 55,640 Sand 1 20/40 Sand 2.65 9.6 25,500

Fluid 2 0.0 0 Sand 2 2.65 0

Fluid 3 0.0 0 Sand 3 0

Total Fluid Volume 1,324.8 55,640 Total Sand 25,500

Tubing

Casing

Completion Component
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10.   APPENDIX 4 – MAIN TREATMENT ADDITIVES SCHEDULE (DESIGNED) 
 
 

 
 

 
  

ADDITIVES SCHEDULE Client Arrow

Additives Conc UoM Total UoM Well No M219FR

Fluid 1: Treated Water Sodium Hypochlorite 12.5% 0.50 gpt 27.82 gal Zone No 2

Acetic Acid 0.50 gpt 27.82 gal Locaiton QLD

Date

Fluid 2: Treatment Type Fracture Stimulation

Fluid Type Treated Water

Sand Type 20/40

Supervisor Clayton James

Engineer Robin Kim

Client Rep Jeff Dzeryk

Acetic Acid >98% Sodium Hypochlorite 12.5%

Conc. Rate Total Conc. Rate Total Conc. Rate Total Conc. Rate Total Conc. Rate Total

Stage Fluid Prop. Conc. gpt gpm gal gpt gpm gal gpt gpm gal gpt gpm gal ppt ppm lbs

1 Treated Water 0.00 0.50 0.32 6.50 0.50 0.32 6.50

2 Treated Water 0.25 0.50 0.32 1.50 0.50 0.32 1.50

3 Treated Water 0.50 0.50 0.32 1.50 0.50 0.32 1.50

4 Treated Water 0.75 0.50 0.32 1.50 0.50 0.32 1.50

5 Treated Water 0.00 0.50 0.32 2.00 0.50 0.32 2.00

6 Treated Water 0.50 0.50 0.32 1.50 0.50 0.32 1.50

7 Treated Water 0.75 0.50 0.32 1.50 0.50 0.32 1.50

8 Treated Water 1.00 0.50 0.32 1.50 0.50 0.32 1.50

9 Treated Water 1.25 0.50 0.32 1.50 0.50 0.32 1.50

10 Treated Water 0.00 0.50 0.32 2.00 0.50 0.32 2.00

11 Treated Water 0.50 0.50 0.32 1.50 0.50 0.32 1.50

12 Treated Water 0.75 0.50 0.32 1.50 0.50 0.32 1.50

13 Treated Water 1.00 0.50 0.32 1.50 0.50 0.32 1.50

14 Treated Water 1.25 0.50 0.32 1.50 0.50 0.32 1.50

15 Treated Water 0.00 0.50 0.32 0.82 0.50 0.32 0.82

27.82 27.82 0.00 0.00 0.00

07-Jun-11

Blender Unit (Dry Chemicals)Blender Unit (Liquid Chemicals)
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11. APPENDIX 5 – PRE FRACTURE PRODUCT COMPOSITION 
 
 

  

Pre Fracture Product Composition Report Well No: M219FR Zone: 2

Density Density Volume Mass Mass

Product to 

Total 

Injected 

Volume

Wt. Fraction 

of Product to 

Total Injected 

Mass

Product Conc. 

In Total 

Injected 

Water

Proportion of 

Product to 

Total Injected 

Mass

Additive Name (SG) (ppg) BJ Component Use Totals UoM (L) (lbs) (kgs) (% vl) (% wt) (mg/l) (ppm)

Acetic Acid >98% 1.07 8.924 pH Buffer 27.82 gal 105.31 248.26 112.61 0.05% 0.05% 534.65 506.82

Sodium Hypochlorite 12.5% 1.22 10.175 Bacteriacide 27.82 gal 105.31 283.06 128.40 0.05% 0.0577% 609.61 577.87

0.00

0.00

0.00

0.00

20/40 Sand 2.65 22.115 Proppant 25,500.00 lb 4,367.89 25,500.00 11,566.62 2.03% 5.20% 54,917 52,058

Water 1.00 8.345 Water 55,640.00 gal 210,620.32 464,339.73 210,621.25 97.87% 94.69% 1,000,005 947,942

100.00% 100.00%

Total Combined Mass of Water and Sand Injected 489,840 222,188

Total Combined Mass of Product 531 241

Total Mass of Water, Sand, and Products 490,371 222,429

CAS of

AdditiveName Hazardous Compnents Hazardous Component Chemical Name

Sodium Hypochlorite 12.5% 7681-52-9 Sodium hypochlorite

1310-73-2 Sodium hydroxide

Acetic Acid >98% 64-19-7 Glacial acetic acid

DESIGN
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12.   APPENDIX 6 – POST FRACTURE PRODUCT COMPOSITION 
 
 

 
 

 

Post Fracture Product Composition Report Well No: M219FR Zone: 2

Density Density Volume Mass Mass

Product to 

Total 

Injected 

Volume

Wt. Fraction 

of Product to 

Total Injected 

Mass

Product Conc. 

In Total 

Injected 

Water

Proportion of 

Product to 

Total Injected 

Mass

Additive Name (SG) (ppg) BJ Component Use Totals UoM (L) (lbs) (kgs) (% vl) (% wt) (mg/l) (ppm)

Acetic Acid >98% 1.07 8.924 pH Buffer 37.00 gal 140.06 330 150 0.05% 0.05% 519 498

Sodium Hypochlorite 12.5% 1.22 10.175 Bacteriacide 29.00 gal 109.78 295 134 0.04% 0.04% 464 445

20/40 Sand 2.65 22.115 Proppant 26,450.00 lb 4,530.62 26,450.00 11,997.53 1.54% 3.99% 41,579 39,919

Water 1.00 8.345 Water 76,225.80 gal 288,546.06 636,137.08 288,547.33 98.37% 95.92% 1,000,005 960,081

100.00% 100.00%

Total Combined Mass of Water and Sand Injected 662,587 300,545

Total Combined Mass of Product 625 284

Total Mass of Water, Sand, and Products 663,212 300,828

CAS of

AdditiveName Hazardous Compnents Hazardous Component Chemical Name

Sodium Hypochlorite 12.5% 7681-52-9 Sodium hypochlorite

1310-73-2 Sodium hydroxide

Acetic Acid >98% 64-19-7 Glacial acetic acid

ACTUAL
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13.   APPENDIX 7 – MAIN TREATMENT PUMP SCHEDULE (ACTUAL) 
 
SURFACE TREATMENT SCHEDULE PUMPED 
           
Stage No. Avg Slurry  

Rate 
(bpm) 

Liquid  
Volume 
(bbl) 

Slurry  
Volume 
(bbl) 

Total Slurry 
Volume 
(bbl) 

Total Time 
 
(min) 

Fluid Type Prop Type Conc. From 
(lbm/gal) 

Conc. To 
(lbm/gal) 

Prop. Stage 
Mass 
(lbm) 

1 12.597 37.005 37.005 37.005 3.725 Treated Water  0 0 0 
2 0.0014403 0.00010464 0.00010464 37.005 3.7976   0 0 0 
3 18.598 216.04 216.04 253.05 15.414 Treated Water  6.1442e-06 6.1442e-06 0.055751 
4 20.472 119.47 120.8 373.85 21.315 Treated Water 20/40 0.24673 0.24673 1238 
5 20.41 10.552 10.763 384.61 21.842 Treated Water 20/40 0.44195 0.44195 195.86 
6 20.422 28.629 28.629 413.24 23.244 Treated Water  7.9963e-05 7.9963e-05 0.096149 
7 20.421 98.609 100.82 514.06 28.181 Treated Water 20/40 0.49502 0.49502 2050.2 
8 20.427 14.865 15.357 529.41 28.933 Treated Water 20/40 0.73221 0.73221 457.13 
9 20.487 40.879 40.891 570.31 30.929 Treated Water  0.0062236 0.0062236 10.686 
10 20.458 77.443 80.058 650.36 34.842 Treated Water 20/40 0.74626 0.74626 2427.3 
11 20.457 10.748 11.185 661.55 35.389 Treated Water 20/40 0.89847 0.89847 405.59 
12 20.566 219.24 219.24 880.79 46.049 Treated Water  5.7775e-05 5.7775e-05 0.53199 
13 20.45 78.599 80.352 961.14 49.979 Treated Water 20/40 0.49296 0.49296 1627.3 
14 20.47 117.05 121.02 1082.2 55.891 Treated Water 20/40 0.74923 0.74923 3683.4 
15 20.482 67.022 70.011 1152.2 59.309 Treated Water 20/40 0.98527 0.98527 2773.5 
16 20.591 169.52 169.52 1321.7 67.542 Treated Water  1.201e-05 1.201e-05 0.085511 
17 20.522 30.773 31.796 1353.5 69.091 Treated Water 20/40 0.73411 0.73411 948.82 
18 20.474 137.84 144.02 1497.5 76.126 Treated Water 20/40 0.99045 0.99045 5734.1 
19 20.509 80.482 80.484 1578 80.05 Treated Water  0.0003852 0.0003852 1.3021 
20 20.488 21.535 21.978 1600 81.123 Treated Water 20/40 0.45425 0.45425 410.87 
21 20.482 59.482 59.482 1659.5 84.027 Treated Water  4.3185e-05 4.3185e-05 0.10789 
22 20.444 54.552 56.368 1715.8 86.784 Treated Water 20/40 0.73569 0.73569 1685.6 
23 20.457 34.268 35.817 1751.6 88.535 Treated Water 20/40 0.99859 0.99859 1437.2 
24 20.512 21.124 22.32 1774 89.623 Treated Water 20/40 1.2507 1.2507 1109.6 
25 20.61 27.491 29.285 1803.2 91.044 Treated Water 20/40 1.4422 1.4422 1665.2 
26 2.3198 41.676 41.676 1844.9 109.01 Treated Water  8.6452e-08 8.6452e-08 0.00015132 
 
Total Slurry Volume 1844.9 (bbl) 
Total Liquid Volume 1814.9 (bbl) 
Total Proppant Mass 27863 (lbm) 
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BOTTOMHOLE TREATMENT SCHEDULE PUMPED 
 
Stage No. Avg Slurry  

Rate 
(bpm) 

Liquid  
Volume 
(bbl) 

Slurry  
Volume 
(bbl) 

Total Slurry 
Volume 
(bbl) 

Total Time 
 
(min) 

Fluid Type Prop Type Conc. From 
(lbm/gal) 

Conc. To 
(lbm/gal) 

Prop. Stage 
 Mass 
(lbm) 

Well 9.9288 42.68 42.68 42.68 5.0861 Treated Water  0 0 0 
1 19.151 37.005 37.005 79.684 7.0184 Treated Water  0 0 0 
2 20.618 0.00010464 0.00010464 79.684 7.0184   0 0 0 
3 20.628 216.04 216.04 295.73 17.492 Treated Water  6.1442e-06 6.1442e-06 0.055751 
4 20.431 119.47 120.8 416.53 23.404 Treated Water 20/40 0.24673 0.24673 1238 
5 20.489 10.552 10.763 427.29 23.929 Treated Water 20/40 0.44195 0.44195 195.86 
6 20.403 28.629 28.629 455.92 25.333 Treated Water  7.9963e-05 7.9963e-05 0.096149 
7 20.426 98.609 100.82 556.74 30.268 Treated Water 20/40 0.49502 0.49502 2050.2 
8 20.528 14.865 15.357 572.09 31.017 Treated Water 20/40 0.73221 0.73221 457.13 
9 20.476 40.879 40.891 612.99 33.014 Treated Water  0.0062236 0.0062236 10.686 
10 20.455 77.443 80.058 693.04 36.928 Treated Water 20/40 0.74626 0.74626 2427.3 
11 20.556 10.748 11.185 704.23 37.472 Treated Water 20/40 0.89847 0.89847 405.59 
12 20.561 219.24 219.24 923.47 48.135 Treated Water  5.7775e-05 5.7775e-05 0.53199 
13 20.44 78.599 80.352 1003.8 52.066 Treated Water 20/40 0.49296 0.49296 1627.3 
14 20.479 117.05 121.02 1124.8 57.975 Treated Water 20/40 0.74923 0.74923 3683.4 
15 20.499 67.022 70.011 1194.9 61.391 Treated Water 20/40 0.98527 0.98527 2773.5 
16 20.593 169.52 169.52 1364.4 69.623 Treated Water  1.201e-05 1.201e-05 0.085511 
17 20.476 30.773 31.796 1396.2 71.175 Treated Water 20/40 0.73411 0.73411 948.82 
18 20.47 137.84 144.02 1540.2 78.211 Treated Water 20/40 0.99045 0.99045 5734.1 
19 20.501 80.482 80.484 1620.7 82.137 Treated Water  0.0003852 0.0003852 1.3021 
20 20.494 21.535 21.978 1642.7 83.209 Treated Water 20/40 0.45425 0.45425 410.87 
21 20.485 59.482 59.482 1702.1 86.113 Treated Water  4.3185e-05 4.3185e-05 0.10789 
22 20.443 54.552 56.368 1758.5 88.87 Treated Water 20/40 0.73569 0.73569 1685.6 
23 20.576 34.268 35.817 1794.3 90.611 Treated Water 20/40 0.99859 0.99859 1437.2 
24 20.497 21.124 22.32 1816.6 91.7 Treated Water 20/40 1.2507 1.2507 1109.6 
25 1.6339 26.489 28.281 1844.9 109.01 Treated Water 20/40 1.4957 1.4957 1664 

 
Total Slurry Volume 1844.9 (bbl) 
Total Liquid Volume 1814.9 (bbl) 
Total Proppant Mass 27861 (lbm) 
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14.  APPENDIX 8 – MSDS 
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