
 
 
 
 
 
 
 
 
 
 
 
 

Attachment A 
 



Waste Front Radius and Pressure Front Calculations 
 

 
A. Waste Front Radius Calculation 

 
 

The maximum daily wastewater flow is 765,000 gallons. 
 
The calculation assumes the injection of an equal volume split between two 
wells. 
 
The closest spaced injection wells, IW 1 and IW3, were selected for the 
calculations (Figure B2, Appendix B). 
 
The injection zone includes early Eocene sand sequences, located at the 
estimated depth interval of 4,700 to 5,600 feet bgs.    
 
Per injection well           Q (gallons per day): 765,000/2=382,500 

Net H (ft): 500 
Porosity: 25.0% 

 
Calculations based on Warner & Lehr (1977), eqns 3-10, 3-1 1 

r={V/(pi*h*phi)*0.5 
r2=r+2.3*(D*r)*0.5 

 
Where: r = radial distance of wastewater front from well 

r2 = radial distance of wastewater front from well with dispersion 
V =cumulative wastewater injection in cubic feet 
pi = 3.1416 
h = net reservoir thickness 
phi = average effective porosity 
D =dispersion coefficient; 3 for sandstone 

 
The data in Table A1 was used to the construct of contour map of waste front radii (Figure A2, 
Attachment A). 
 
Note: The range of porosity for sandstones in the San Joaquin basin, is reportedly 20% to 35%. 
A porosity of 25% has been assumed for the injection zone sandstone sequences located 
between 4,750 and 5,590 feet bgs at the PEC site.  



B. Pressure Front Calculation 
 
Injection Zone: Early Eocene Sand 
 
Injection Wells IW 1 and IW 3 
 
Calculations based on Warner & Lehr (1977): eqn 3.9a 
 
Delta P = {(162.6*Q*Uw)l(k*h)}{log(k*t)/(phi*Uw*Ct*r2)-3.23} 
 

Where: Delta   P = psi reservoir pressure change at radius r (R) and time t (years). 
Q = injection rate, (BPD) 
Uw = injectate viscosity, centipoise 
k = reservoir permeability 
h = net thickness, R 
t = injection time, years 
phi = reselvoir porosity. %. 
Ct = reservoir compressibility, psi -1 
r = radius of interest, ft. 

 
Apply   Q (BPD): 9,107 per well 

Porosity: 25.0% 
Uw (w): I 
k (md): 500 
h (ft.): 500 
t (years): 30 
Ct: 5.90E-06 

 
Table A2            Pressure Front Data 

Radius* 
(feet) 

Delta P, psi 
One well 

Delta P, psi ** 
Two wells  

4,000 20.84 44.0
3,500 21.52 45.3
3,000 22.32 47.0
2,500 23.26 49.0
2,000 24.40 51.5
1,500 25.89 54.6
1,000 27.97 55.5

750 29.46 58.0
500 31.54 62.0
250 35.11 67.4
100 39.83 75.0

1 63.53 90.0
 
*Radius centered between injection wells IW 1 and IW 3.  
**Pressure measured at a point perpendicular to a line joining wells IW 1 and IW 3. 



TABLE A1.  Waste Front Radius Data

Time Injection Cumulative Waste Radius (ft) Waste Radius (ft) Wastefront Rate 
(years) Volume (cu ft.) Volume (cu ft.) with no dispersion with dispersion with Dispersion (ft/yr)

1 37347543 37347543 308 378 378
2 37347543 74695086 436 519 260
3 37347543 112042629 534 626 209
4 37347543 149390172 617 716 179
5 37347543 186737715 690 794 159
6 37347543 224085258 755 865 144
7 37347543 261432801 816 930 133
8 37347543 298780344 872 990 124
9 37347543 336127887 925 1046 116
10 37347543 373475430 975 1100 110
11 37347543 410822973 1023 1150 105
12 37347543 448170516 1068 1199 100
13 37347543 485518059 1112 1245 96
14 37347543 522865602 1154 1289 92
15 37347543 560213145 1194 1332 89
16 37347543 597560688 1234 1373 86
17 37347543 634908231 1272 1414 83
18 37347543 672255774 1308 1452 81
19 37347543 709603317 1344 1490 78
20 37347543 746950860 1379 1527 76
21 37347543 784298403 1413 1563 74
22 37347543 821645946 1446 1598 73
23 37347543 858993489 1479 1632 71
24 37347543 896341032 1511 1666 69
25 37347543 933688575 1542 1698 68
26 37347543 971036118 1572 1730 67
27 37347543 1008383661 1602 1762 65
28 37347543 1045731204 1632 1793 64
29 37347543 1083078747 1661 1823 63
30 37347543 1120426290 1689 1853 62








	Waste Front Radius and Pressure Front Calculations.pdf
	Table A1. Panoche-waste front radius Calc DH =two wells.pdf
	Figure A1 Area_of_Review.pdf
	Figure A2  Waste Front Map.pdf
	Figure A3  Pressure Front Map.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




