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MTP Bioremediation Project X01

Department of Environmental Quality Promotion

Maptaphut Industrial Estate 731081 1406768

Department of Geological Sciences

Faculty of Science, Chiang Mai University

Cement Plug

PVC Screen

Gravel Pack

Casing

Cement Plug

Topsoil : Brownish Yellow

Sand : Sand > Clay, Yellowish

Gray, medium-coarse grained,

composed of Quartz, Feldspar

Sand : Sand > Clay, Yellowish

Gray,fine-medium grained,

composed of Quartz, Feldspar

Clay : Gray, coarse to very coarse

grained, composed of Quartz,

Feldspar, Mica (low)

Weathered Granite, Yellowish

Gray, very coarse grained,

composed of Quartz, Feldspar,

Mica (high)

Granite : Gray, medium-very

coarse grained composed of

Quartz, Feldspar, Mica (high)
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Resistivity
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Elevation (m):

UTM (E,N):

Notes: Page 1 of 1
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MTP Bioremediation Project X02

Department of Environmental Quality Promotion

Maptaphut Industrial Estate 731057 1406743

Department of Geological Sciences

Faculty of Science, Chiang Mai University

Cement Plug

PVC Screen

Gravel Pack

Casing

Cement Plug

Top soil : Grayish Yellow

Sand : Sand > Clay, Yellowish

Gray, medium-coarse grained,

composed of Quartz, Feldspar

Clay : Sand < Clay, Gray,fine-very

coarse grained, composed of

Quartz, Feldspar

Weathered Granite : Sand > Clay,

Brownish Yellow, very coarse

grained, composed of Quartz,

Feldspar, mica

Granite : Gray,medium -  very

coarse grained,composed  of

Quartz, Feldspar, mica ,Chlorite
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By:
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Notes: Page 1 of 1
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MTP Bioremediation Project X03

Department of Environmental Quality Promotion

Maptaphut Industrial Estate 731042 1406721

Department of Geological Sciences

Faculty of Science, Chiang Mai University

Cement Plug

PVC Screen

Gravel Pack

Casing

Cement Plug

Top soil : Grayish Yellow

Sand : Sand > Clay, Grayish

Yellow, very coarse grained,

composed of Quartz, Feldspar

Clay : Clay > Sand, Brownish

Yellow, coarse-very coarse

grained,composed of Quartz,

Feldspar

Weathered Granite, Yellowish

Brown, fine-medium grained,

composed of Quartz, Feldspar,

Mica (low)

Granite : Gray, very coarse

grained,composed  of Quartz,

Feldspar, mica (low)
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Notes: Page 1 of 1
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Department of Environmental Quality Promotion

Maptaphut Industrial Estate 731030 1406708

Department of Geological Sciences

Faculty of Science, Chiang Mai University

Cement Plug

PVC Screen

Gravel Pack

Casing

Cement Plug

Topsoil : Brown

Sand : Gray, medium grained,

composed of Quartz,Feldspar

Clay : Clay > Sand, Gray, fine-

coarse grained,composed Quartz,

Feldspar

Weathered Granite : Gray, coarse

grained, composed of Quartz,

Feldspar, Mica, Chlorite

Granite : Gray, medium-very

coarse grained,composed  of

Quartz, Feldspar, mica
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Notes: Page 1 of 1
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Department of Environmental Quality Promotion

Maptaphut Industrial Estate 731023 1406691

Department of Geological Sciences

Faculty of Science, Chiang Mai University

Cement Plug

PVC Screen

Gravel Pack

Casing

Cement Plug

Topsoil: Brown

Grayish Yellow, medium grained,

composed of Quartz, Feldspar

Gray, very coarse grained,

composed of Quartz, Feldspar

Yellowish Brown, medium-very

coarse grained, composed of

Quartz, Feldspar

Weathered Granite, Yellow,

medium grained, composed of

Quartz, Feldspar

Granite, Gray , composed of

Quartz , Feldspar, Mica
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Notes: Page 1 of 1
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Department of Environmental Quality Promotion

Maptaphut Industrial Estate 731005 1406672

Department of Geological Sciences

Faculty of Science, Chiang Mai University

Cement Plug

PVC Screen

Gravel Pack

Casing

Cement Plug

Topsoil: Brown

Sand : Gray , medium-coarse

grained, composed of Quartz,

Feldspar

Clay : Grayish Yellow, composed

of Quartz, Feldspar

Sand and Clay : Yellow, medium

grained

Weather Granite: Yellow,

composed of Quartz, Feldspar ,

Mica
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Notes: Page 1 of 1
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Department of Environmental Quality Promotion

Maptaphut Industrial Estate 730988 1406657

Department of Geological Sciences

Faculty of Science, Chiang Mai University

Cement Plug

PVC Screen

Gravel Pack

Casing

Cement Plug

Topsoil: Brown

Sand : Grayish Yellow, medium-

coarse grained, composed of

Quartz, Feldspar

Clay, Yellow, fine-coarse

grained,composed of Quartz,

Feldspar

Weather Granite, Yellowish gray,

medium-coarse grained,

composed of Quartz, Feldspar,

Mica, Chlorite

Granite, Gray, medium-very

coarse grained,composed of

Quartz, Feldspar, Mica
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MTP Bioremediation Project X08

Department of Environmental Quality Promotion

Maptaphut Industrial Estate 730979 1406649

Department of Geological Sciences

Faculty of Science, Chiang Mai University

Cement Plug

Gravel Pack

PVC Screen

Gravel

Pack+Cement

Cement

Topsoil : Brown

Sand : Gray, coarse-very coarse

grained, composed of Quartz,

Feldspar

Sand : Sand > Clay, Yellow,

composed Quartz, Feldspar

Clay : Clay > Sand, Grayish

Yellow, medium-very coarse

grained, composed of Quartz,

Feldspar, Mica, Chlorite
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Notes: Page 1 of 1
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MTP Bioremediation Project X09

Department of Environmental Quality Promotion

Maptaphut Industrial Estate 730959 1406631

Department of Geological Sciences

Faculty of Science, Chiang Mai University

Cement Plug

PVC Screen

Gravel Pack

Casing

Cement Plug

Topsoil : Brown

Sand : Gray, medium-very coarse

grained, composed of Quartz,

Feldspar

Clay : Yellow, composed of

Quartz, Feldspar
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Notes: Page 1 of 1
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Department of Environmental Quality Promotion

Maptaphut Industrial Estate

35

730947 1406631

Department of Geological Sciences

Faculty of Science, Chiang Mai University

Cement Plug

Casing

Gravel Pack

PVC Screen

Topsoil : Brown

Sand : Gray,  fine -medium

grained, composed of Quartz,

Feldspar ar

Clay : Yellow, very coarse grained

(sand), composed of Quartz,

Feldspar

Weather Granite, Yellow,

composed of  Quartz, Feldspar,

Mica (low)
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Department of Environmental Quality Promotion

Maptaphut Industrial Estate 730991 1406617

Department of Geological Sciences

Faculty of Science, Chiang Mai University

Cement Plug

PVC Screen

Gravel Pack

Casing

Cement Plug

Topsoil : Brown

Sand : Gray, medium-very coarse

grained, composed of Quartz,

Feldspar

Clay : Yellow, composed of

Quartz, Feldspar
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MTP Bioremediation Project X13

Department of Environmental Quality Promotion

Maptaphut Industrial Estate 731006 1406651

Department of Geological Sciences

Faculty of Science, Chiang Mai University

Cement Plug

PVC Screen

Gravel Pack

Casing

Cement Plug

Topsoil : Brown

Sand : Grayish Yellow, medium

grained, composed of Quartz,

Feldspar

Sand : Gray, very coarse grained-

gravel (2 cm.) composed of

Quartz, Feldspar

Clay : Clay, Yellow, medium

grained, composed of Quartz,

Feldspar
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MTP Bioremediation Project X14

Department of Environmental Quality Promotion

Maptaphut Industrial Estate 731073 1406644

Department of Geological Sciences

Faculty of Science, Chiang Mai University

Cement Plug

PVC Screen

Gravel Pack

Casing

Cement Plug

Topsoil : Brown

Sand : Gray, medium grained,

composed of Quartz,Feldspar

Clay : Clay > Sand, Gray, fine-

coarse grained,composed Quartz,

Feldspar

Weather Granite : Gray, coarse

grained, composed of Quartz,

Feldspar, Mica, Chlorite

Granite : Gray, medium-very

coarse grained,composed  of

Quartz, Feldspar, mica
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MTP Bioremediation Project X15A

Department of Environmental Quality Promotion

Maptaphut Industrial Estate 731131 1406653

Department of Geological Sciences

Faculty of Science, Chiang Mai University

Cement Plug

Casing

Open Hole

Topsoil : Brown

Sand : Gray, medium grained,

composed of Quartz, Feldspar

Clay : Gray, composed of Quartz,

Feldspar

Weather Granite, Yellow, very

coarse grained, composed of

Quartz , Feldspar,Mica

Granite : Gray, composed of

Quartz, Feldspar,Mica
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MTP Bioremediation Project X15B

Department of Environmental Quality Promotion

Maptaphut Industrial Estate 731131 1406650

Department of Geological Sciences

Faculty of Science, Chiang Mai University

Cement Plug

PVC Screen

Gravel Pack

Casing

Cement Plug

Topsoil : Brown

Sand : Gray , medium grained,

composed of Quartz,  Feldspar

Clay : Grayish Yellow

Weather Granite, Brownish

Yellow, very coarse grained,

composed of  Quartz,

Feldspar,Mica
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MTP Bioremediation Project X16

Department of Environmental Quality Promotion

Maptaphut Industrial Estate (I-10) - -

Department of Geological Sciences

Faculty of Science, Chiang Mai University

Cement Plug

Casing

Open Hole

Topsoil : Brown

Weather Sandstone : reddish

brown

Sand and Clay : Yellowish brown,

medium grained, composed of

Quartz, Feldspar

Weather Granite : Grayish Yellow,

fine-medium grained, composed

of Quartz, Feldspar, Micaa

Weather Granite : Grayish Yellow,

medium-very coarsegrained,

composed of Quartz, Feldspar,

Mica

Granite: Gray, composed of

Quartz, Feldspar , Mica
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A02B02MTP Bioremediation

Surface Plug

Casing

PVC Screen

Topsoil, reddish brown, lterite.

Clay, reddish brown, plastic, consists

of 60% sand and 40% clay

Granite, reddish brown, highly

weathered, composed of quartz and

feldspar

Granite, greenish gray, weathered,

composed of quartz, feldspar, biotite,

mica and chlorite.
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A02B03MTP Bioremediation

Surface Plug

Casing

PVC Screen

sand,brown,fine

grained,subangular,poorly

sorted,composed of quartz,feldspar

sand,brown,medium

grained,subangular,moderate

sorted,composed of

quartz,feldspar,dark minerals

Granite weathered,brown,highly

weathered,composed of

quartz,feldspar,biotite,mica

Granite weathered,brown to light

gray,moderately

weathered,Quartz,feldspar,biotite,

mica

Granite,gray,fresh,composed of

quartz,feldspar,biotite,mica



120 
 

 
 
 
 
 
 

Project: Borehole No:

S
o

il

(Ohm-m)
Resistivity

Gamma (cps) SP (mV)D
e

p
th

 (
m

)

S
y

m
b

o
l

Soil Description Well Construction

Page 1 of 1

0

10

20

30

40

50

60

70

80

90

100

110

120

130

A11B01MTP Bioremediation

Surface Plug

Casing

PVC Screen

Clay, yellowish brown, consist of 30%

clay, sand 70%, fine to medium sand

Sand, brown, fine-medium grained,

subangular, moderately sorted,

altered rock,composed of quartz and

feldspar

Sand/Gravel, brown, medium sand to

fine gravel, subangular, moderately

sorted, composed of quartz and

feldspar

Granite, gray, composed of quartz,

feldspar, biotite and clay mineral
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A12B02MTP Bioremediation

Surface Plug

Casing

PVC Screen

Casing

Gravel, Sand, Clay, brownish gray,

angular-subangular

Sandy Clay, reddish gray, consist

70% clay, 20% sand, 10% gravel,

poorly sorted, subangular-angular

Granite, highly weathered, brown,

coarse-grained, composed of quartz,

feldspar, biotite, muscovite

Biotite Granite, dark gray, coarse-

grained, composed of quartz,

feldspar, mica

Granite, greenish gray,  composed of

quartz, feldspar, mica

Biotite Granite, dark gray to black,

coarse-grained, composed of quartz,

feldspar, biotite

Granite, gray, medium to coarse

grained, composed of quartz,

feldspar, mica
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A15B01MTP Bioremediation

Surface Plug

Casing

PVC Screen

Casing

Open Hole

Gravel, yellowish brown, grain s ize 3-

10 mm., angular, composed of

quartz,feldspar, mica, clay mineral.

Granite wash, brown, subround,

coarse grained, compose of quartz,

feldspar,mica, c lay.

Granite, gray to l ight brown,

phaneritic texture, compose of quartz,

feldspar, mica,clay mineral, Fe

oxide, high weathered.

Granite, gray, phaneritic texture,

composed of quartz, feldspar, mica

and dark mineral, fresh granite.

Granite weathered, white, phaneritic

texture, composed of quartz,

feldspar, mica and clay mineral,

fracture 54-158 m.
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A23B03MTP Bioremediation

Surface Plug

Casing

PVC Screen

Casing

Clayey gravel, yellowish brown, sizes

range 2-5 mm., angular, 70%

gravel,30% clay, composed of quartz,

feldspar

Clayey sand, yellowish brown, fine

grained, subangular, 60% sand, 40%

clay,slightly, plastic, composed of

quartz, feldspar, dark mineral

Granite weathered, gray, s ize range

1-5 mm., composed of quartz,

feldspar,mica, high weathered

Granite weathered, reddish brown,

sizes range 0.5-4 mm., composed of

quartz,feldspar, mica, moderately

weathered

Granite, gray, size range <1-4 mm.,

composed of quartz, feldspar, mica
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A35B01MTP Bioremediation

Surface Plug

Casing

PVC Screen

Top soil, brown, 90%clay, 10%sand,

plastic

Sand, brown, very fine to medium

sand, angular, mogerately sorted

Clayey gravel, dark brown,

80%gravel, 20%clay, composed of

quartz and feldspar

Granite washed, grayish light brown

to whitish brown, hiah quartz, high

clay

Granite weathered, grayish brown,

high quartz and high clay

Granite, brown to grayish brown,

phaneritic texture, high quartz, Fe

oxide, moderately weathered.

Granite, gray, porphyritic  texture,

composed quartz, feldspar, mica,

mafic mineral, c lay, tracture 28.5-36.0

m. and 52.5-54.0 m.
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A35B06MTP Bioremediation

Surface Plug

Casing

PVC Screen

Open Hole

Topsoil, Gravel, various colour,

composed of quartz, feldspar, rock

fragment

Clayey Sand, brown, coarse-grained,

mostly quartz and weathered feldspar

Granite weathered, brownish gray,

coarse to pebble grained, subangular

to sibround, poorly sorted, composed

of 50% quaetz, 35% feldspar, 10%

mica, 5% dark mineral, moderately

weathered

Granite weathered, greenish gray,

seriate texture, coarse-grained,

composed of quartz 35%, 35%

feldspar, 20% dark mineral, 10%

mica, fracture 30-36 m. moderately

weathered

Granite, light gray, fresh, hard

Granite, gray, coarse grained, mostly

quartz and mica
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(Slug Test Results) 
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 Department of Geological Sciences 
Faculty of Science, Chiang Mai University 
Chiang Mai, Thailand 50200 
Tel. 0-5394-3417    Fax. 0-5394-3444 
http://www.geol.science.cmu.ac.th 

Slug Test Analysis Report 

                                                        

          .      

Test Date: 17-21 Sept 08 
Tested & Analyzed By CMU & ERTC 

 
 

Test Well Name: GENCO: MW-01 Location:        GENCO 
Well Information Depth: 14 m UTM-E: 731311 

Radius: 0.051 m UTM-N: 1406605 
 DTW: 3.76 m TOC: 0.54 m 

 
Test Data 
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GENCO
MW-01

Start Test

 

Probe:  Solinst Level Logger® 

Problems or Comments: 
                 n/a 

 
 
Analysis Results 

 

Hydraulic Conductivity (m/day): 

Hvorslev: - 

Bouwer & Rice: 2.35-2.96 

Problems or Comments: 
                 n/a 
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Slug Test Analysis Report 
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Test Date: 17-21 Sept 08 
Tested & Analyzed By CMU & ERTC 

 
 

Test Well Name: GENCO: MW-02 Location:        GENCO 
Well Information Depth: 12 m UTM-E: 731253 

Radius: 0.051 m UTM-N: 1406535 
 DTW: 3.18 m TOC: 0 m 

 
Test Data 

Time (sec)

0 60 120 180 240

H
e
ig

h
t 

o
f 

W
a
te

r 
A

b
o
v
e
 P

ro
b
e
 (

m
)

3.6

3.7

3.8

3.9

GENCO
MW-02

Start Test

 

Probe:  Solinst Level Logger® 

Problems or Comments: 
                 n/a 

 
 
Analysis Results 

 

Hydraulic Conductivity (m/day): 

Hvorslev: - 

Bouwer & Rice: 0.605-0.663 

Problems or Comments: 
                 n/a 
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Test Date: 17-21 Sept 08 
Tested & Analyzed By CMU & ERTC 

 
 

Test Well Name: GENCO: MW-05 Location:        GENCO 
Well Information Depth: 15 m UTM-E: 731323 

Radius: 0.051 m UTM-N: 1406327 
 DTW: 2.83 m TOC: 0.04 m 

 
Test Data 

Time (sec)
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Start Test

 

Probe:  Solinst Level Logger® 

Problems or Comments: 
                 n/a 

 
 
Analysis Results 

 

Hydraulic Conductivity (m/day): 

Hvorslev: - 

Bouwer & Rice: 0.22-0.33 

Problems or Comments: 
                 n/a 
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Test Date: 17-21 Sept 08 
Tested & Analyzed By CMU & ERTC 

 
 

Test Well Name: GENCO: MW-06 Location:        GENCO 
Well Information Depth: 14 m UTM-E: 731241 

Radius: 0.051 m UTM-N: 1402387 
 DTW: 3.41 m TOC: 0 m 

 
Test Data 

Time (sec)
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Start Test

 

Probe:  Solinst Level Logger® 

Problems or Comments: 
                 n/a 

 
 
Analysis Results 

 

Hydraulic Conductivity (m/day): 

Hvorslev: - 

Bouwer & Rice: 0.0321-0.0456 

Problems or Comments: 
                 n/a 
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Test Date: 17-21 Sept 08 
Tested & Analyzed By CMU & ERTC 

 
 

Test Well Name: GENCO: MW-07 Location:        GENCO 
Well Information Depth: 14 m UTM-E: 731428 

Radius: 0.051 m UTM-N: 1406402 
 DTW: 3.37 m TOC: 0.30 m 

 
Test Data 

Time (sec)
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Probe:  Solinst Level Logger® 

Problems or Comments: 
                 n/a 

 
 
Analysis Results 

 

Hydraulic Conductivity (m/day): 

Hvorslev: - 

Bouwer & Rice: 2.71-3.55 

Problems or Comments: 
                 n/a 

 



 

 

 

 

 

 

 

 

 

 

APPENDIX  C 

 

(Hydrochemical Test Results) 
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APPENDIX  D 

 

(Parameter Estimation Result for Groundwater Flow Model) 
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PEST MAIN OUTPUT FILE (.REC) 

 

                       PEST RUN RECORD: CASE p_e_1 

 

 

PEST run mode:- 

 

   Parameter estimation mode 

 

 

Case dimensions:- 

 

   Number of parameters                           :   14 

   Number of adjustable parameters                :   14 

   Number of parameter groups                     :    1 

   Number of observations                         :   27 

   Number of prior estimates                      :    0 

 

 

Model command line(s):- 

 

   p_e_1_bat1.bat 

 

 

Jacobian command line:- 

 

   na 

 

 

Model interface files:- 

 

   Templates: 

      p_e_1.tpl_1 

   for model input files: 

      p_e_1.snn_1 

 

   (Parameter values written using single precision protocol.) 

   (Decimal point always included.) 

 

   Instruction files: 

      p_e_1.ins 

   for reading model output files: 

      p_e_1._os 
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PEST-to-model message file:- 

 

   na 

 

 

Derivatives calculation:- 

 

Param        Increment   Increment   Increment   Forward or   Multiplier  Method 

group        type                    low bound   central      (central)   (central) 

general      relative    1.0000E-02   none         switch       2.000     outside_pts 

 

 

Parameter definitions:- 

 

Name         Trans-            Change       Initial        Lower          Upper 

             formation         limit        value          bound          bound 

hk_1         log               factor     0.265710       1.000000E-10   1.000000E+10 

hk_3         log               factor      12.0000       1.000000E-10   1.000000E+10 

hk_2         log               factor      3.00000       1.000000E-10   1.000000E+10 

hk_4         log               factor     2.617470E-06   1.000000E-10   1.000000E+10 

hk_5         log               factor     3.823320E-06   1.000000E-10   1.000000E+10 

hk_6         log               factor     0.196820       1.000000E-10   1.000000E+10 

vani_7       log               factor      6.00000       1.000000E-10   1.000000E+10 

riv_10       log               factor      200.000       1.000000E-10   1.000000E+10 

riv_11       log               factor      200.000       1.000000E-10   1.000000E+10 

riv_12       log               factor      200.000       1.000000E-10   1.000000E+10 

riv_13       log               factor      200.000       1.000000E-10   1.000000E+10 

riv_14       log               factor      200.000       1.000000E-10   1.000000E+10 

ghb_8        log               factor      1500.00       1.000000E-10   1.000000E+10 

ghb_9        log               factor      3000.00       1.000000E-10   1.000000E+10 

 

Name         Group          Scale         Offset        Model command number 

hk_1         general       1.00000        0.00000            1 

hk_3         general       1.00000        0.00000            1 

hk_2         general       1.00000        0.00000            1 

hk_4         general       1.00000        0.00000            1 

hk_5         general       1.00000        0.00000            1 

hk_6         general       1.00000        0.00000            1 

vani_7       general       1.00000        0.00000            1 

riv_10       general       1.00000        0.00000            1 

riv_11       general       1.00000        0.00000            1 

riv_12       general       1.00000        0.00000            1 

riv_13       general       1.00000        0.00000            1 

riv_14       general       1.00000        0.00000            1 

ghb_8        general       1.00000        0.00000            1 

ghb_9        general       1.00000        0.00000            1 
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Prior information:- 

 

   No prior information supplied 

 

 

Observations:- 

 

Observation name        Observation       Weight       Group 

 hed1                    20.6600          1.960       head         

 hed2                    20.3600          1.960       head         

 hed3                    20.0000          1.960       head         

 hed4                    20.2300          1.960       head         

 hed5                    20.0700          1.960       head         

 hed6                    20.2300          1.960       head         

 hed7                    19.9600          1.960       head         

 hed8                    20.0700          1.960       head         

 hed9                    21.3400          1.960       head         

 hed10                   20.3300          1.960       head         

 hed11                   20.5800          1.960       head         

 hed12                   20.2100          1.960       head         

 hed13                   20.3900          1.960       head         

 hed14                   20.3400          1.960       head         

 hed15                   20.5400          1.960       head         

 hed16                   20.2800          1.960       head         

 hed17                   19.9800          1.960       head         

 hed18                   20.5100          1.960       head         

 hed19                   20.5500          1.960       head         

 hed20                   20.8900          1.960       head         

 no_rivf0                1.00000         1.0000E-19   river        

 no_rivf1                1.00000         1.0000E-19   river        

 no_rivf2                1.00000         1.0000E-19   river        

 no_rivf3                1.00000         1.0000E-19   river        

 no_rivf4                1.00000         1.0000E-19   river        

 no_ghbf0                1.00000         1.0000E-19   ghb          

 no_ghbf1                1.00000         1.0000E-19   ghb          

 

 

Control settings:- 

 

   Initial lambda                                               :  10.000     

   Lambda adjustment factor                                     :  2.0000     

   Sufficient new/old phi ratio per optimisation iteration      : 0.30000     

   Limiting relative phi reduction between lambdas              : 3.00000E-02 

   Maximum trial lambdas per iteration                          :  10 

   Forgive model run failure during lamda testing               : no 

 

   Perform Broyden's update of Jacobian matrix                  : no 
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   Maximum  factor  parameter change (factor-limited changes)   :  5.0000 

   Maximum relative parameter change (relative-limited changes) : na 

   Fraction of initial parameter values used in computing 

   change limit for near-zero parameters                        : 1.00000E-03 

   Allow bending of parameter upgrade vector                    : no 

   Allow parameters to stick to their bounds                    : no 

 

   Relative phi reduction below which to begin use of 

   central derivatives                                          : 0.10000              

   Iteration at which to first consider derivatives switch      :   1 

 

   Relative phi reduction indicating convergence                : 0.50000E-02 

   Number of phi values required within this range              :   3 

   Maximum number of consecutive failures to lower phi          :   3 

   Minimal relative parameter change indicating convergence     : 0.50000E-02 

   Number of consecutive iterations with minimal param change   :   3 

   Maximum number of optimisation iterations                    :  20 

 

   Attempt automatic user intervention                          : no 

 

   Attempt reuse of parameter sensitivities                     : no 

 

 

File saving options: - 

 

   Save multiple JCO files                                      : no 

   Save multiple REI files                                      : no 

 

 

                            OPTIMISATION RECORD 

 

 

INITIAL CONDITIONS:  

  Sum of squared weighted residuals (ie phi)                =   8.3222     

  Contribution to phi from observation group "head"         =   8.3222     

  Contribution to phi from observation group "river"        =  8.80554E-32 

  Contribution to phi from observation group "ghb"          =  9.09686E-32 

 

      Current parameter values 

      hk_1            0.265710     

      hk_3             12.0000     

      hk_2             3.00000     

      hk_4            2.617470E-06 

      hk_5            3.823320E-06 

      hk_6            0.196820     

      vani_7           6.00000     

      riv_10           200.000     
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      riv_11           200.000     

      riv_12           200.000     

      riv_13           200.000     

      riv_14           200.000     

      ghb_8            1500.00     

      ghb_9            3000.00     

 

 

OPTIMISATION ITERATION NO.        : 1 

   Model calls so far             : 1 

   Starting phi for this iteration                          :   8.3222     

   Contribution to phi from observation group "head"        :   8.3222     

   Contribution to phi from observation group "river"       :  8.80554E-32 

   Contribution to phi from observation group "ghb"         :  9.09686E-32 

 

       Lambda =   10.000     -----> 

          Phi =   8.6772      (  1.043 times starting phi) 

 

       Lambda =   5.0000     -----> 

          Phi =   8.8883      (  1.068 times starting phi) 

 

       Lambda =   20.000     -----> 

          Phi =   8.3761      (  1.006 times starting phi) 

 

       Lambda =   40.000     -----> 

          Phi =   8.0790      (  0.971 of starting phi) 

 

       Lambda =   80.000     -----> 

          Phi =   8.0624      (  0.969 of starting phi) 

 

   No more lambdas: relative phi reduction between lambdas less than 0.0300 

   Lowest phi this iteration:   8.0624     

   Relative phi reduction between optimisation iterations less than 0.1000 

   Switch to central derivatives calculation 

 

      Current parameter values                 Previous parameter values 

      hk_1            0.244090                 hk_1             0.265710     

      hk_3             13.1797                 hk_3              12.0000     

      hk_2             1.46733                 hk_2              3.00000     

      hk_4            1.673717E-06             hk_4             2.617470E-06 

      hk_5            2.943222E-06             hk_5             3.823320E-06 

      hk_6            0.125810                 hk_6             0.196820     

      vani_7           11.1476                 vani_7            6.00000     

      riv_10           177.610                 riv_10            200.000     

      riv_11           118.685                 riv_11            200.000     

      riv_12           199.909                 riv_12            200.000     

      riv_13           126.212                 riv_13            200.000     
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      riv_14           132.948                 riv_14            200.000     

      ghb_8            949.111                 ghb_8             1500.00     

      ghb_9            2571.41                 ghb_9             3000.00     

   Maximum   factor change:  2.045     ["hk_2"] 

   Maximum relative change: 0.8579     ["vani_7"] 

 

 

OPTIMISATION ITERATION NO.        : 2 

   Model calls so far             : 27 

   Starting phi for this iteration                          :   8.0624     

   Contribution to phi from observation group "head"        :   8.0624     

   Contribution to phi from observation group "river"       :  7.02581E-32 

   Contribution to phi from observation group "ghb"         :  7.26777E-32 

 

       Lambda =   80.000     -----> 

          Phi =   8.0429      (  0.998 of starting phi) 

 

       Lambda =   40.000     -----> 

          Phi =   8.0487      (  0.998 of starting phi) 

 

       Lambda =   160.00     -----> 

          Phi =   8.0313      (  0.996 of starting phi) 

 

   No more lambdas: relative phi reduction between lambdas less than 0.0300 

   Lowest phi this iteration:   8.0313     

 

      Current parameter values                 Previous parameter values 

      hk_1            0.235631                 hk_1             0.244090     

      hk_3             16.1526                 hk_3              13.1797     

      hk_2             1.50341                 hk_2              1.46733     

      hk_4            1.935548E-06             hk_4             1.673717E-06 

      hk_5            3.037419E-06             hk_5             2.943222E-06 

      hk_6            0.629051                 hk_6             0.125810     

      vani_7           13.2629                 vani_7            11.1476     

      riv_10           187.431                 riv_10            177.610     

      riv_11           115.787                 riv_11            118.685     

      riv_12           180.290                 riv_12            199.909     

      riv_13           95.4047                 riv_13            126.212     

      riv_14           124.009                 riv_14            132.948     

      ghb_8            1046.17                 ghb_8             949.111     

      ghb_9            2764.17                 ghb_9             2571.41     

   Maximum   factor change:  5.000     ["hk_6"] 

   Maximum relative change:  4.000     ["hk_6"] 

 

 

OPTIMISATION ITERATION NO.        : 3 

   Model calls so far             : 60 
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   Starting phi for this iteration                          :   8.0313     

   Contribution to phi from observation group "head"        :   8.0313     

   Contribution to phi from observation group "river"       :  7.94158E-32 

   Contribution to phi from observation group "ghb"         :  8.23974E-32 

 

       Lambda =   160.00     -----> 

          Phi =   7.9927      (  0.995 of starting phi) 

 

       Lambda =   80.000     -----> 

          Phi =   8.0116      (  0.998 of starting phi) 

 

       Lambda =   320.00     -----> 

          Phi =   7.9597      (  0.991 of starting phi) 

 

   No more lambdas: relative phi reduction between lambdas less than 0.0300 

   Lowest phi this iteration:   7.9597     

 

      Current parameter values                 Previous parameter values 

      hk_1            0.261295                 hk_1             0.235631     

      hk_3             9.77988                 hk_3              16.1526     

      hk_2             1.33030                 hk_2              1.50341     

      hk_4            1.656597E-06             hk_4             1.935548E-06 

      hk_5            2.505146E-06             hk_5             3.037419E-06 

      hk_6             3.14525                 hk_6             0.629051     

      vani_7           18.5860                 vani_7            13.2629     

      riv_10           218.155                 riv_10            187.431     

      riv_11           152.055                 riv_11            115.787     

      riv_12           184.682                 riv_12            180.290     

      riv_13           71.2270                 riv_13            95.4047     

      riv_14           136.193                 riv_14            124.009     

      ghb_8            2273.09                 ghb_8             1046.17     

      ghb_9            2538.65                 ghb_9             2764.17     

   Maximum   factor change:  5.000     ["hk_6"] 

   Maximum relative change:  4.000     ["hk_6"] 

 

 

OPTIMISATION ITERATION NO.        : 4 

   Model calls so far             : 94 

   Starting phi for this iteration                          :   7.9597     

   Contribution to phi from observation group "head"        :   7.9597     

   Contribution to phi from observation group "river"       :  1.01196E-31 

   Contribution to phi from observation group "ghb"         :  1.03258E-31 

 

       Lambda =   320.00     -----> 

          Phi =   7.9415      (  0.998 of starting phi) 

 

       Lambda =   160.00     -----> 
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          Phi =   7.9439      (  0.998 of starting phi) 

 

       Lambda =   640.00     -----> 

          Phi =   7.9348      (  0.997 of starting phi) 

 

   No more lambdas: relative phi reduction between lambdas less than 0.0300 

   Lowest phi this iteration:   7.9348     

 

      Current parameter values                 Previous parameter values 

      hk_1            0.265924                 hk_1             0.261295     

      hk_3             1.95598                 hk_3              9.77988     

      hk_2            0.790421                 hk_2              1.33030     

      hk_4            1.962597E-06             hk_4             1.656597E-06 

      hk_5            2.596657E-06             hk_5             2.505146E-06 

      hk_6             2.96483                 hk_6              3.14525     

      vani_7           21.9278                 vani_7            18.5860     

      riv_10           219.466                 riv_10            218.155     

      riv_11           178.788                 riv_11            152.055     

      riv_12           166.857                 riv_12            184.682     

      riv_13           39.5923                 riv_13            71.2270     

      riv_14           116.268                 riv_14            136.193     

      ghb_8            1988.68                 ghb_8             2273.09     

      ghb_9            1194.30                 ghb_9             2538.65     

   Maximum   factor change:  5.000     ["hk_3"] 

   Maximum relative change: 0.8000     ["hk_3"] 

 

 

OPTIMISATION ITERATION NO.        : 5 

   Model calls so far             : 128 

   Starting phi for this iteration                          :   7.9348     

   Contribution to phi from observation group "head"        :   7.9348     

   Contribution to phi from observation group "river"       :  9.71254E-32 

   Contribution to phi from observation group "ghb"         :  9.75326E-32 

 

       Lambda =   640.00     -----> 

          Phi =   7.9301      (  0.999 of starting phi) 

 

       Lambda =   320.00     -----> 

          Phi =   8.0175      (  1.010 times starting phi) 

 

       Lambda =   1280.0     -----> 

          Phi =   8.0150      (  1.010 times starting phi) 

 

   No more lambdas: phi rising 

   Lowest phi this iteration:   7.9301     

 

      Current parameter values                 Previous parameter values 
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      hk_1            0.239314                 hk_1             0.265924     

      hk_3             1.99807                 hk_3              1.95598     

      hk_2            0.769821                 hk_2             0.790421     

      hk_4            2.165263E-06             hk_4             1.962597E-06 

      hk_5            2.493623E-06             hk_5             2.596657E-06 

      hk_6             2.83660                 hk_6              2.96483     

      vani_7           21.4393                 vani_7            21.9278     

      riv_10           209.762                 riv_10            219.466     

      riv_11           180.015                 riv_11            178.788     

      riv_12           172.603                 riv_12            166.857     

      riv_13           45.1798                 riv_13            39.5923     

      riv_14           116.290                 riv_14            116.268     

      ghb_8            2117.61                 ghb_8             1988.68     

      ghb_9            1185.67                 ghb_9             1194.30     

   Maximum   factor change:  1.141     ["riv_13"] 

   Maximum relative change: 0.1411     ["riv_13"] 

 

   Optimisation complete: the  3 lowest phi's are within a relative distance 

                          of eachother of 5.000E-03 

   Total model calls:    160 

 

   The model has been run one final time using best parameters.  

   Thus all model input files contain best parameter values, and model  

   output files contain model results based on these parameters. 

 

 

                            OPTIMISATION RESULTS 

 

 

Parameters -----> 

 

Parameter        Estimated         95% percent confidence limits 

                 value             lower limit       upper limit 

 hk_1           0.239314           5.744655E-78      9.969496E+75 

 hk_3            1.99807           1.998069-300      1.000000+300 

 hk_2           0.769821           7.698207-301      7.698207+299 

 hk_4           2.165263E-06       1.134065-222      4.134122+210 

 hk_5           2.493623E-06       5.641466-154      1.102223+142 

 hk_6            2.83660           2.836602-300      1.000000+300 

 vani_7          21.4393           4.721302E-52      9.735564E+53 

 riv_10          209.762           2.097624-298      1.000000+300 

 riv_11          180.015           1.171018-110      2.767285+114 

 riv_12          172.603           5.466464-213      5.449898+216 

 riv_13          45.1798           1.502235-227      1.358786+230 

 riv_14          116.290           1.162899-298      1.000000+300 

 ghb_8           2117.61           7.774043-140      5.768247+145 

 ghb_9           1185.67           1.185673-297      1.000000+300 
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Note: confidence limits provide only an indication of parameter uncertainty. 

      They rely on a linearity assumption which  may not extend as far in  

      parameter space as the confidence limits themselves - see PEST manual. 

 

See file p_e_1.sen for parameter sensitivities. 

 

 

Observations -----> 

 

Observation            Measured       Calculated     Residual       Weight     Group 

                       value          value 

hed1                   20.6600        20.4806       0.179440        1.960      head         

hed2                   20.3600        20.5312      -0.171220        1.960      head         

hed3                   20.0000        20.3987      -0.398740        1.960      head         

hed4                   20.2300        20.4818      -0.251780        1.960      head         

hed5                   20.0700        20.3077      -0.237650        1.960      head         

hed6                   20.2300        20.3076      -7.756000E-02    1.960      head         

hed7                   19.9600        20.3550      -0.395010        1.960      head         

hed8                   20.0700        20.4025      -0.332500        1.960      head         

hed9                   21.3400        20.4291       0.910910        1.960      head         

hed10                  20.3300        20.4436      -0.113560        1.960      head         

hed11                  20.5800        20.4575       0.122520        1.960      head         

hed12                  20.2100        20.4500      -0.239960        1.960      head         

hed13                  20.3900        20.4715      -8.146000E-02    1.960      head         

hed14                  20.3400        20.5508      -0.210790        1.960      head         

hed15                  20.5400        20.5602      -2.019000E-02    1.960      head         

hed16                  20.2800        20.4646      -0.184590        1.960      head         

hed17                  19.9800        20.4126      -0.432630        1.960      head         

hed18                  20.5100        20.4695       4.052000E-02    1.960      head         

hed19                  20.5500        20.3993       0.150670        1.960      head         

hed20                  20.8900        20.4011       0.488900        1.960      head         

no_rivf0               1.00000        2981.07       -2980.07       1.0000E-19  river        

no_rivf1               1.00000        11.5891       -10.5891       1.0000E-19  river        

no_rivf2               1.00000        6.67963       -5.67963       1.0000E-19  river        

no_rivf3               1.00000        2.68680       -1.68680       1.0000E-19  river        

no_rivf4               1.00000        5.03461       -4.03461       1.0000E-19  river        

no_ghbf0               1.00000       -2985.30        2986.30       1.0000E-19  ghb          

no_ghbf1               1.00000       -21.6021        22.6021       1.0000E-19  ghb          

 

See file p_e_1.res for more details of residuals in graph-ready format. 

 

See file p_e_1.seo for composite observation sensitivities. 

 

 

Objective function -----> 

 

  Sum of squared weighted residuals (ie phi)                =   7.930     
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  Contribution to phi from observation group "head"         =   7.930     

  Contribution to phi from observation group "river"        =  8.8810E-32 

  Contribution to phi from observation group "ghb"          =  8.9185E-32 

 

 

Correlation Coefficient -----> 

 

  Correlation coefficient                                   =  0.9995     

 

 

Analysis of residuals -----> 

 

  All residuals:- 

     Number of residuals with non-zero weight                       =    27 

     Mean value of non-zero weighted residuals                      = -9.1080E-02 

     Maximum weighted residual [observation "hed9"]                 =   1.785     

     Minimum weighted residual [observation "hed17"]                = -0.8479     

     Standard variance of weighted residuals                        =  0.6100     

     Standard error of weighted residuals                           =  0.7810     

 

     Note: the above variance was obtained by dividing the objective  

     function by the number of system degrees of freedom (ie. number of  

     observations with non-zero weight plus number of prior information  

     articles with non-zero weight minus the number of adjustable parameters.) 

     If the degrees of freedom is negative the divisor becomes  

     the number of observations with non-zero weight plus the number of  

     prior information items with non-zero weight. 

 

  Residuals for observation group "head":- 

     Number of residuals with non-zero weight                       =    20 

     Mean value of non-zero weighted residuals                      = -0.1230     

     Maximum weighted residual [observation "hed9"]                 =   1.785     

     Minimum weighted residual [observation "hed17"]                = -0.8479     

     "Variance" of weighted residuals                               =  0.3965     

     "Standard error" of weighted residuals                         =  0.6297     

 

     Note: the above "variance" was obtained by dividing the sum of squared  

     residuals by the number of items with non-zero weight. 

 

  Residuals for observation group "river":- 

     Number of residuals with non-zero weight                       =     5 

     Mean value of non-zero weighted residuals                      = -6.0041E-17 

     Maximum weighted residual [observation "no_rivf3"]             = -1.6868E-19 

     Minimum weighted residual [observation "no_rivf0"]             = -2.9801E-16 

     "Variance" of weighted residuals                               =  1.7762E-32 

     "Standard error" of weighted residuals                         =  1.3327E-16 
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     Note: the above "variance" was obtained by dividing the sum of squared  

     residuals by the number of items with non-zero weight. 

 

  Residuals for observation group "ghb":- 

     Number of residuals with non-zero weight                       =     2 

     Mean value of non-zero weighted residuals                      =  1.5045E-16 

     Maximum weighted residual [observation "no_ghbf0"]             =  2.9863E-16 

     Minimum weighted residual [observation "no_ghbf1"]             =  2.2602E-18 

     "Variance" of weighted residuals                               =  4.4592E-32 

     "Standard error" of weighted residuals                         =  2.1117E-16 

 

     Note: the above "variance" was obtained by dividing the sum of squared  

     residuals by the number of items with non-zero weight. 

 

 

K-L information statistics -----> 

 

 

  AIC   =  -3.079608     

  AICC  =   40.55676     

  BIC   =   16.35794     

  KIC   =  -114.4236     

 

Parameter covariance matrix -----> 

 

                 hk_1         hk_3         hk_2         hk_4         hk_5         hk_6        vani_7       riv_10    

                riv_11       riv_12       riv_13       riv_14       ghb_8        ghb_9     

 

hk_1            1258.       -714.7       -5090.        1349.        741.4        3404.       -185.9        471.2     

               -243.0       -2772.        602.8        4982.        470.4       -8690.     

 

hk_3           -714.7       2.9676E+04   -9805.      -1.4762E+04   -9527.       5.5480E+04   -3722.      -2.3725E+04 

                2545.        6657.       1.4786E+04   5.5557E+04   -8057.       4.0350E+04 

 

hk_2           -5090.       -9805.       3.3695E+04    2089.        1779.      -3.8174E+04    2819.        8172.     

               -3737.        5342.       -6289.      -5.3362E+04   -1292.        9536.     

 

hk_4            1349.      -1.4762E+04    2089.       1.0026E+04    6726.      -2.5244E+04    1841.       1.3208E+04 

               -1309.       -6435.       -6856.      -2.6469E+04    3660.      -3.0365E+04 

 

hk_5            741.4       -9527.        1779.        6726.        4672.      -1.6576E+04    1204.        8602.     

               -588.3       -4012.       -4525.      -1.8104E+04    2152.      -1.9219E+04 

 

hk_6            3404.       5.5480E+04  -3.8174E+04  -2.5244E+04  -1.6576E+04   1.3142E+05   -8478.      -4.9662E+04 

                2689.        315.9       3.5809E+04   1.2954E+05  -1.7090E+04   4.5391E+04 

 

vani_7         -185.9       -3722.        2819.        1841.        1204.       -8478.        594.3        3332.     
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               -374.1       -437.1       -2108.       -9148.        926.8       -3980.     

 

riv_10          471.2      -2.3725E+04    8172.       1.3208E+04    8602.      -4.9662E+04    3332.       2.2228E+04 

               -980.8       -4780.      -1.3995E+04  -4.7791E+04    7674.      -3.2927E+04 

 

riv_11         -243.0        2545.       -3737.       -1309.       -588.3        2689.       -374.1       -980.8     

                2698.        2641.       -686.6        6079.        710.8        9094.     

 

riv_12         -2772.        6657.        5342.       -6435.       -4012.        315.9       -437.1       -4780.     

                2641.        9862.       -1068.        4360.       -224.9       3.1674E+04 

 

riv_13          602.8       1.4786E+04   -6289.       -6856.       -4525.       3.5809E+04   -2108.      -1.3995E+04 

               -686.6       -1068.       1.1189E+04   3.0248E+04   -6085.       1.0570E+04 

 

riv_14          4982.       5.5557E+04  -5.3362E+04  -2.6469E+04  -1.8104E+04   1.2954E+05   -9148.      -4.7791E+04 

                6079.        4360.       3.0248E+04   1.5030E+05  -1.0591E+04   4.9944E+04 

 

ghb_8           470.4       -8057.       -1292.        3660.        2152.      -1.7090E+04    926.8        7674.     

                710.8       -224.9       -6085.      -1.0591E+04    4348.       -8229.     

 

ghb_9          -8690.       4.0350E+04    9536.      -3.0365E+04  -1.9219E+04   4.5391E+04   -3980.      -3.2927E+04 

                9094.       3.1674E+04   1.0570E+04   4.9944E+04   -8229.       1.2226E+05 

 

 

 

Parameter correlation coefficient matrix -----> 

 

                 hk_1         hk_3         hk_2         hk_4         hk_5         hk_6        vani_7       riv_10    

                riv_11       riv_12       riv_13       riv_14       ghb_8        ghb_9     

 

hk_1            1.000      -0.1170      -0.7816       0.3799       0.3058       0.2647      -0.2150       8.9101E-02 

              -0.1319      -0.7868       0.1606       0.3623       0.2011      -0.7006     

 

hk_3          -0.1170        1.000      -0.3101      -0.8558      -0.8090       0.8884      -0.8863      -0.9238     

               0.2845       0.3891       0.8115       0.8319      -0.7093       0.6699     

 

hk_2          -0.7816      -0.3101        1.000       0.1136       0.1418      -0.5737       0.6299       0.2986     

              -0.3920       0.2931      -0.3239      -0.7498      -0.1067       0.1486     

 

hk_4           0.3799      -0.8558       0.1136        1.000       0.9828      -0.6955       0.7541       0.8848     

              -0.2517      -0.6472      -0.6473      -0.6819       0.5544      -0.8673     

 

hk_5           0.3058      -0.8090       0.1418       0.9828        1.000      -0.6689       0.7224       0.8440     

              -0.1657      -0.5911      -0.6259      -0.6832       0.4774      -0.8041     

 

hk_6           0.2647       0.8884      -0.5737      -0.6955      -0.6689        1.000      -0.9594      -0.9189     

               0.1428       8.7743E-03   0.9339       0.9217      -0.7149       0.3581     
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vani_7        -0.2150      -0.8863       0.6299       0.7541       0.7224      -0.9594        1.000       0.9167     

              -0.2955      -0.1806      -0.8176      -0.9680       0.5765      -0.4669     

 

riv_10         8.9101E-02  -0.9238       0.2986       0.8848       0.8440      -0.9189       0.9167        1.000     

              -0.1267      -0.3229      -0.8874      -0.8268       0.7806      -0.6316     

 

riv_11        -0.1319       0.2845      -0.3920      -0.2517      -0.1657       0.1428      -0.2955      -0.1267     

                1.000       0.5120      -0.1250       0.3019       0.2075       0.5008     

 

riv_12        -0.7868       0.3891       0.2931      -0.6472      -0.5911       8.7743E-03  -0.1806      -0.3229     

               0.5120        1.000      -0.1017       0.1132      -3.4352E-02   0.9122     

 

riv_13         0.1606       0.8115      -0.3239      -0.6473      -0.6259       0.9339      -0.8176      -0.8874     

              -0.1250      -0.1017        1.000       0.7376      -0.8724       0.2858     

 

riv_14         0.3623       0.8319      -0.7498      -0.6819      -0.6832       0.9217      -0.9680      -0.8268     

               0.3019       0.1132       0.7376        1.000      -0.4143       0.3684     

 

ghb_8          0.2011      -0.7093      -0.1067       0.5544       0.4774      -0.7149       0.5765       0.7806     

               0.2075      -3.4352E-02  -0.8724      -0.4143        1.000      -0.3569     

 

ghb_9         -0.7006       0.6699       0.1486      -0.8673      -0.8041       0.3581      -0.4669      -0.6316     

               0.5008       0.9122       0.2858       0.3684      -0.3569        1.000     

 

 

 

Normalized eigenvectors of parameter covariance matrix -----> 

 

              Vector_1     Vector_2     Vector_3     Vector_4     Vector_5     Vector_6     Vector_7     Vector_8    

              Vector_9     Vector_10    Vector_11    Vector_12    Vector_13    Vector_14   

 

hk_1           0.3966      -0.4540       0.3001      -0.3901      -0.1537      -0.2894       0.1367      -0.5020     

               6.2396E-02   3.1707E-02   9.0827E-03   4.2436E-02   9.7306E-02  -6.2446E-03 

 

hk_3           0.1661      -0.2173      -0.1285       0.2203      -0.1150      -0.1265       0.1398       0.1934     

               0.3433      -0.7424      -3.6458E-02  -0.1579      -9.0900E-02  -0.2653     

 

hk_2          -7.8726E-03   0.1346       9.7351E-02  -9.5593E-02   9.2593E-02   0.1236      -0.3494      -0.3319     

              -0.1555      -0.2694       0.4194      -0.5427      -0.3354       0.1661     

 

hk_4          -0.2974      -5.1602E-02  -0.4338      -4.2760E-02  -0.2183       0.2749       0.2951      -0.4617     

              -0.3327      -0.2797      -0.2597       2.8106E-02   0.1395       0.1367     

 

hk_5          -5.8253E-03  -4.4849E-02   0.5188       0.3422       0.4618      -0.1145       0.1156      -2.4999E-02 

              -0.4473      -0.2486      -0.3070       5.5759E-03   8.3737E-02   9.0351E-02 
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hk_6           0.1331       6.3169E-02   0.1517      -0.2251       2.4262E-02   0.4694      -5.0923E-02   3.3898E-02 

              -1.5297E-02   0.1093      -0.3480      -0.4228       0.2177      -0.5661     

 

vani_7        -7.4002E-02   0.3985       0.5036       0.2647      -0.6853       4.6202E-02   0.1518      -9.1588E-02 

               8.3850E-02  -1.2516E-02   2.9501E-03  -2.9743E-03  -8.2499E-03   3.9130E-02 

 

riv_10        -0.2710       0.2704       0.2447      -0.4689       0.2895       0.1630       4.3963E-02  -5.1006E-02 

               0.4943      -0.3004      -0.1366       0.2213       6.1282E-02   0.2300     

 

riv_11         2.8192E-03   5.1881E-02  -6.1458E-02  -3.4796E-02  -0.2121      -0.2285      -0.7689      -8.3311E-02 

              -6.0461E-02  -0.1411      -0.4806       0.2000      -4.3087E-02  -2.6702E-02 

 

riv_12        -0.2803      -0.3883       0.2442      -0.3779      -0.2563       0.1852      -2.3394E-02   0.4483     

              -0.3642      -0.1474       0.1242       0.1744      -0.2541      -4.4836E-02 

 

riv_13        -0.7195      -0.3440       0.1031       0.1400       1.5709E-02  -0.2786      -5.0133E-02  -0.1338     

               0.2578       0.1991      -5.6886E-02  -0.3207       5.2391E-02  -0.1433     

 

riv_14        -0.1735       0.2054       2.3556E-02  -6.2624E-03   0.1009      -0.1172      -9.1995E-02  -0.2245     

              -0.1607      -0.1705       0.4569       0.3850       0.2581      -0.6049     

 

ghb_8          5.7652E-02  -0.4080       0.1239       0.4072       4.7393E-02   0.6076      -0.2581      -0.1995     

               0.2462       3.8951E-02   0.1251       0.2981       1.9207E-02   6.5070E-02 

 

ghb_9         -1.6240E-02   8.6563E-02  -1.3005E-02   3.4471E-02   0.1276       1.4819E-02   0.2058      -0.2417     

               5.1026E-02   0.1448      -0.2174       0.1997      -0.8099      -0.3270     

 

 

 

Eigenvalues -----> 

 

               5.4967E-03   0.4772        1.214        3.337        7.674        12.62        45.75        57.55     

                969.9        2718.        4129.       2.9053E+04   1.2327E+05   3.7395E+05 
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SENSITIVITY MAIN OUTPUT FILE (.SEN) 

                           PARAMETER SENSITIVITIES: CASE p_e_1 

 

 

 OPTIMISATION ITERATION NO.  1 -----> 

 Parameter name    Group          Current value    Sensitivity 

   hk_1            general         0.265710         4.192073E-03 

   hk_3            general          12.0000         5.623760E-03 

   hk_2            general          3.00000         1.973702E-02 

   hk_4            general         2.617470E-06     3.970622E-02 

   hk_5            general         3.823320E-06     1.845463E-02 

   hk_6            general         0.196820         2.036955E-02 

   vani_7          general          6.00000         2.499310E-02 

   riv_10          general          200.000         5.211187E-03 

   riv_11          general          200.000         2.382327E-02 

   riv_12          general          200.000         4.516115E-03 

   riv_13          general          200.000         2.305928E-02 

   riv_14          general          200.000         2.049875E-02 

   ghb_8           general          1500.00         1.868333E-02 

   ghb_9           general          3000.00         4.958438E-03 

 

 

 OPTIMISATION ITERATION NO.  2 -----> 

 Parameter name    Group          Current value    Sensitivity 

   hk_1            general         0.244090         1.447551E-04 

   hk_3            general          13.1797         3.394039E-03 

   hk_2            general          1.46733         3.771747E-03 

   hk_4            general         1.673717E-06     2.932762E-02 

   hk_5            general         2.943222E-06     2.950606E-02 

   hk_6            general         0.125810         2.144629E-03 

   vani_7          general          11.1476         2.029029E-02 

   riv_10          general          177.610         1.321429E-04 

   riv_11          general          118.685         1.385928E-04 

   riv_12          general          199.909         2.250313E-04 

   riv_13          general          126.212         3.521049E-04 

   riv_14          general          132.948         3.154862E-04 

   ghb_8           general          949.111         2.250311E-04 

   ghb_9           general          2571.41         1.447551E-04 

 

 

 OPTIMISATION ITERATION NO.  3 -----> 

 Parameter name    Group          Current value    Sensitivity 

   hk_1            general         0.235631         9.343907E-05 

   hk_3            general          16.1526         3.439017E-03 

   hk_2            general          1.50341         3.309383E-03 

   hk_4            general         1.935548E-06     2.990453E-02 

   hk_5            general         3.037419E-06     2.958768E-02 

   hk_6            general         0.629051         4.782766E-04 

   vani_7          general          13.2629         1.978393E-02 

   riv_10          general          187.431         1.447552E-04 

   riv_11          general          115.787         1.506662E-04 

   riv_12          general          180.290         1.914931E-04 

   riv_13          general          95.4047         2.472165E-04 

   riv_14          general          124.009         1.506657E-04 

   ghb_8           general          1046.17         2.771846E-04 

   ghb_9           general          2764.17         1.821462E-04 

 

 

 OPTIMISATION ITERATION NO.  4 -----> 

 Parameter name    Group          Current value    Sensitivity 

   hk_1            general         0.261295         1.506661E-04 

   hk_3            general          9.77988         4.468107E-03 

   hk_2            general          1.33030         1.819445E-02 

   hk_4            general         1.656597E-06     2.897718E-02 

   hk_5            general         2.505146E-06     2.885369E-02 

   hk_6            general          3.14525         1.023574E-04 

   vani_7          general          18.5860         1.823665E-02 
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   riv_10          general          218.155         5.909606E-05 

   riv_11          general          152.055         1.105586E-04 

   riv_12          general          184.682         1.506659E-04 

   riv_13          general          71.2270         1.202427E-03 

   riv_14          general          136.193         1.772885E-04 

   ghb_8           general          2273.09         1.181921E-04 

   ghb_9           general          2538.65         1.971100E-03 

 

 

 OPTIMISATION ITERATION NO.  5 -----> 

 Parameter name    Group          Current value    Sensitivity 

   hk_1            general         0.265924         0.156253     

   hk_3            general          1.95598         6.565625E-02 

   hk_2            general         0.790421         7.475362E-03 

   hk_4            general         1.962597E-06     0.116696     

   hk_5            general         2.596657E-06     1.575352E-02 

   hk_6            general          2.96483         5.240578E-02 

   vani_7          general          21.9278         3.683023E-02 

   riv_10          general          219.466         0.106841     

   riv_11          general          178.788         5.307642E-03 

   riv_12          general          166.857         0.110956     

   riv_13          general          39.5923         0.281133     

   riv_14          general          116.268         6.827064E-02 

   ghb_8           general          1988.68         2.960846E-02 

   ghb_9           general          1194.30         7.559458E-03 

 

 

 

                        COMPLETION OF OPTIMISATION PROCESS 

 

 Composite sensitivities for observation group "head" -----> 

 

 Number of observations with non-zero weight =    20 

 Parameter name    Group          Current value    Sensitivity 

   hk_1            general         0.239314         0.210942     

   hk_3            general          1.99807         8.863594E-02 

   hk_2            general         0.769821         1.009174E-02 

   hk_4            general         2.165263E-06     0.157540     

   hk_5            general         2.493623E-06     2.126725E-02 

   hk_6            general          2.83660         7.074781E-02 

   vani_7          general          21.4393         4.972081E-02 

   riv_10          general          209.762         0.144235     

   riv_11          general          180.015         7.165316E-03 

   riv_12          general          172.603         0.149790     

   riv_13          general          45.1798         0.379529     

   riv_14          general          116.290         9.216537E-02 

   ghb_8           general          2117.61         3.997142E-02 

   ghb_9           general          1185.67         1.020527E-02 

 

 

 

 Composite sensitivities for observation group "river" -----> 

 

 Number of observations with non-zero weight =     5 

 Parameter name    Group          Current value    Sensitivity 

   hk_1            general         0.239314         1.829215E-19 

   hk_3            general          1.99807         9.946472E-19 

   hk_2            general         0.769821         2.792011E-19 

   hk_4            general         2.165263E-06     6.103167E-20 

   hk_5            general         2.493623E-06     1.322628E-19 

   hk_6            general          2.83660         2.212511E-20 

   vani_7          general          21.4393         5.717848E-19 

   riv_10          general          209.762         1.425209E-16 

   riv_11          general          180.015         1.179276E-19 

   riv_12          general          172.603         8.557603E-20 

   riv_13          general          45.1798         1.523786E-19 

   riv_14          general          116.290         1.628702E-19 

   ghb_8           general          2117.61         2.729456E-19 

   ghb_9           general          1185.67         5.230844E-20 

 

 

 

 Composite sensitivities for observation group "ghb" -----> 

 

 Number of observations with non-zero weight =     2 
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 Parameter name    Group          Current value    Sensitivity 

   hk_1            general         0.239314         8.019169E-18 

   hk_3            general          1.99807         3.693435E-18 

   hk_2            general         0.769821         9.612116E-19 

   hk_4            general         2.165263E-06     7.142779E-19 

   hk_5            general         2.493623E-06     3.413420E-19 

   hk_6            general          2.83660         3.590425E-19 

   vani_7          general          21.4393         2.051683E-18 

   riv_10          general          209.762         3.552398E-16 

   riv_11          general          180.015         1.307174E-19 

   riv_12          general          172.603         3.461400E-19 

   riv_13          general          45.1798         1.218098E-18 

   riv_14          general          116.290         3.851410E-19 

   ghb_8           general          2117.61         7.506918E-18 

   ghb_9           general          1185.67         9.163207E-19 

 

 

 

 Composite sensitivities for all observations/prior info -----> 

 

 Number of observations with non-zero weight =    27 

 Parameter name    Group          Current value    Sensitivity 

   hk_1            general         0.239314         0.156253     

   hk_3            general          1.99807         6.565625E-02 

   hk_2            general         0.769821         7.475362E-03 

   hk_4            general         2.165263E-06     0.116696     

   hk_5            general         2.493623E-06     1.575352E-02 

   hk_6            general          2.83660         5.240578E-02 

   vani_7          general          21.4393         3.683023E-02 

   riv_10          general          209.762         0.106841     

   riv_11          general          180.015         5.307642E-03 

   riv_12          general          172.603         0.110956     

   riv_13          general          45.1798         0.281133     

   riv_14          general          116.290         6.827064E-02 

   ghb_8           general          2117.61         2.960846E-02 

   ghb_9           general          1185.67         7.559458E-03 
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PEST MAIN OUTPUT FILE (.REC) 

 
PEST RUN RECORD: CASE rt3d_calib 

 

 

PEST run mode:- 

 

   Parameter estimation mode 

 

 

Case dimensions:- 

 

   Number of parameters                           :   20 

   Number of adjustable parameters                :   10 

   Number of parameter groups                     :    4 

   Number of observations                         :   26 

   Number of prior estimates                      :    0 

 

 

Model command line(s):- 

 

   run.bat 

 

 

Jacobian command line:- 

 

   na 

 

 

Model interface files:- 

 

   Templates: 

      rt3dbtn.dat.tpl 

      rt3ddsp.dat.tpl 

      rt3drct.dat.tpl 

      ucd.pre.tpl 

   for model input files: 

      rt3dbtn.dat 

      rt3ddsp.dat 

      rt3drct.dat 

      ucd.pre 

 

   (Parameter values written using single precision protocol.) 

   (Decimal point always included.) 
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   Instruction files: 

      rt3d_calib_pce.ins 

      rt3d_calib_tce.ins 

      rt3d_calib_dce.ins 

   for reading model output files: 

      ForPlot_Avg.dat 

      ForPlot_Avg.dat 

      ForPlot_Avg.dat 

 

 

PEST-to-model message file:- 

 

   na 

 

 

Derivatives calculation:- 

 

Param        Increment   Increment   Increment   Forward or   Multiplier  Method 

group        type                    low bound   central      (central)   (central) 

porosity     relative    1.0000E-02   none         switch       2.000     outside_pts 

dispersivity relative    1.0000E-02   none         switch       2.000     outside_pts 

rxn_rate     relative    1.0000E-02   none         switch       2.000     outside_pts 

source_conc  relative    1.0000E-02   none         switch       2.000     outside_pts 

 

 

Parameter definitions:- 

 

Name         Trans-            Change       Initial        Lower          Upper 

             formation         limit        value          bound          bound 

por1         log               factor     0.300000       0.100000       0.550000     

por2         tied por1           na       0.300000          na             na 

por3         tied por1           na       0.300000          na             na 

por4         tied por1           na       0.300000          na             na 

por5         tied por1           na       0.300000          na             na 

por6         tied por1           na       0.300000          na             na 

alph_l1      log               factor      1.00000       1.000000E-10   1.000000E+10 

alph_l2      tied alph_l1        na        1.00000          na             na 

alph_l3      tied alph_l1        na        1.00000          na             na 

alph_l4      tied alph_l1        na        1.00000          na             na 

alph_l5      tied alph_l1        na        1.00000          na             na 

alph_l6      tied alph_l1        na        1.00000          na             na 

k-pce        log               factor     3.000000E-03   1.000000E-10   1.000000E+10 

k-tce        log               factor     8.500000E-03   1.000000E-10   1.000000E+10 

k-dce        log               factor     5.000000E-04   1.000000E-10   1.000000E+10 

k-vc         log               factor     3.000000E-03   1.000000E-10   1.000000E+10 

pce_s1       log               factor      6.50000       1.000000E-10   1.000000E+10 

tce_s1       log               factor      15.5000       1.000000E-10   1.000000E+10 



 

1
5
8
 

pce_s2       log               factor     7.000000E-03   1.000000E-10   1.000000E+10 

tce_s2       log               factor     0.250000       1.000000E-10   1.000000E+10 

 

Name         Group          Scale         Offset        Model command number 

por1         porosity      1.00000        0.00000            1 

por2         porosity      1.00000        0.00000            1 

por3         porosity      1.00000        0.00000            1 

por4         porosity      1.00000        0.00000            1 

por5         porosity      1.00000        0.00000            1 

por6         porosity      1.00000        0.00000            1 

alph_l1      dispersivity  1.00000        0.00000            1 

alph_l2      dispersivity  1.00000        0.00000            1 

alph_l3      dispersivity  1.00000        0.00000            1 

alph_l4      dispersivity  1.00000        0.00000            1 

alph_l5      dispersivity  1.00000        0.00000            1 

alph_l6      dispersivity  1.00000        0.00000            1 

k-pce        rxn_rate      1.00000        0.00000            1 

k-tce        rxn_rate      1.00000        0.00000            1 

k-dce        rxn_rate      1.00000        0.00000            1 

k-vc         rxn_rate      1.00000        0.00000            1 

pce_s1       source_conc   1.00000        0.00000            1 

tce_s1       source_conc   1.00000        0.00000            1 

pce_s2       source_conc   1.00000        0.00000            1 

tce_s2       source_conc   1.00000        0.00000            1 

 

 

Prior information:- 

 

   No prior information supplied 

 

 

Observations:- 

 

Observation name        Observation       Weight       Group 

 w1-1                    1.80000          1.000       w1           

 w3-1                    1.30000          1.000       w3           

 w1-2                    1.30000          1.000       w1           

 w1-3                    3.70000          1.000       w1           

 w1-4                    7.70000          1.000       w1           

 w3-2                    2.70000          1.000       w3           

 w3-3                    9.10000          1.000       w3           

 w7-1                    9.00000          1.000       w7           

 w2-1                    1.60000          1.000       w2           

 w2-2                    2.20000          1.000       w2           

 w2-3                    4.10000          1.000       w2           

 w2-4                    4.30000          1.000       w2           

 w2-5                    6.00000          1.000       w2           
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 w3-4                    128.000          1.000       w3           

 w3-5                    3.30000          1.000       w3           

 w3-6                    105.000          1.000       w3           

 w3-7                    100.000          1.000       w3           

 w3-8                    99.0000          1.000       w3           

 w3-9                    122.000          1.000       w3           

 w3-10                   118.000          1.000       w3           

 w7-2                    202.000          1.000       w7           

 w7-3                    5.50000          1.000       w7           

 w7-4                    4.00000          1.000       w7           

 w7-5                    4.10000          1.000       w7           

 w7-6                    5.80000          1.000       w7           

 w7-7                    17.0000          1.000       w7           

 

 

Control settings:- 

 

   Initial lambda                                               :  10.000     

   Lambda adjustment factor                                     :  2.0000     

   Sufficient new/old phi ratio per optimisation iteration      : 0.30000     

   Limiting relative phi reduction between lambdas              : 3.00000E-02 

   Maximum trial lambdas per iteration                          :  10 

   Forgive model run failure during lamda testing               : no 

 

   Perform Broyden's update of Jacobian matrix                  : no 

 

   Maximum  factor  parameter change (factor-limited changes)   :  5.0000 

   Maximum relative parameter change (relative-limited changes) : na 

   Fraction of initial parameter values used in computing 

   change limit for near-zero parameters                        : 1.00000E-03 

   Allow bending of parameter upgrade vector                    : no 

   Allow parameters to stick to their bounds                    : no 

 

   Relative phi reduction below which to begin use of 

   central derivatives                                          : 0.10000              

   Iteration at which to first consider derivatives switch      :   1 

 

   Relative phi reduction indicating convergence                : 0.50000E-02 

   Number of phi values required within this range              :   3 

   Maximum number of consecutive failures to lower phi          :   3 

   Minimal relative parameter change indicating convergence     : 0.50000E-02 

   Number of consecutive iterations with minimal param change   :   3 

   Maximum number of optimisation iterations                    :  -1 (only compute Jacobian) 

 

   Attempt automatic user intervention                          : no 

 

   Attempt reuse of parameter sensitivities                     : no 
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File saving options: - 

 

   Save multiple JCO files                                      : no 

   Save multiple REI files                                      : no 

 

 

                            OPTIMISATION RECORD 

 

 

INITIAL CONDITIONS:  

  Sum of squared weighted residuals (ie phi)                =  2.64808E+05 

  Contribution to phi from observation group "w1"           =   74.072     

  Contribution to phi from observation group "w2"           =   1094.4     

  Contribution to phi from observation group "w3"           =  2.23234E+05 

  Contribution to phi from observation group "w7"           =   40405.     

 

      Current parameter values 

      por1            0.300000     

      por2            0.300000     

      por3            0.300000     

      por4            0.300000     

      por5            0.300000     

      por6            0.300000     

      alph_l1          1.00000     

      alph_l2          1.00000     

      alph_l3          1.00000     

      alph_l4          1.00000     

      alph_l5          1.00000     

      alph_l6          1.00000     

      k-pce           3.000000E-03 

      k-tce           8.500000E-03 

      k-dce           5.000000E-04 

      k-vc            3.000000E-03 

      pce_s1           6.50000     

      tce_s1           15.5000     

      pce_s2          7.000000E-03 

      tce_s2          0.250000     

 

 

OPTIMISATION ITERATION NO.        : 1 

   Model calls so far             : 1 

   Starting phi for this iteration                          :  2.64808E+05 

   Contribution to phi from observation group "w1"          :   74.072     

   Contribution to phi from observation group "w2"          :   1094.4     

   Contribution to phi from observation group "w3"          :  2.23234E+05 

   Contribution to phi from observation group "w7"          :   40405.     
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   Optimisation complete: NOPTMAX supplied as -1 indicating that statistics 

                          for initial parameter set only are required. 

   Total model calls:     11 

 

   The model has been run one final time using best parameters.  

   Thus all model input files contain best parameter values, and model  

   output files contain model results based on these parameters. 

 

 

                            OPTIMISATION RESULTS 

 

 

Adjustable parameters -----> 

 

Parameter        Estimated         95% percent confidence limits 

                 value             lower limit       upper limit 

 por1           0.300000           3.229990E-02       2.78639     

 alph_l1         1.00000           0.167348           5.97556     

 k-pce          3.000000E-03       5.514516E-04      1.632056E-02 

 k-tce          8.500000E-03       4.428352E-05       1.63153     

 k-dce          5.000000E-04       7.184615E-05      3.479658E-03 

 k-vc           3.000000E-03       1.066357E-04      8.439947E-02 

 pce_s1          6.50000           0.264319           159.845     

 tce_s1          15.5000            2.69710           89.0770     

 pce_s2         7.000000E-03       9.695652E-04      5.053812E-02 

 tce_s2         0.250000           3.261577E-02       1.91625     

 

Note: confidence limits provide only an indication of parameter uncertainty. 

      They rely on a linearity assumption which  may not extend as far in  

      parameter space as the confidence limits themselves - see PEST manual. 

 

 

Tied parameters -----> 

 

Parameter      Estimated value 

 por2           0.300000     

 por3           0.300000     

 por4           0.300000     

 por5           0.300000     

 por6           0.300000     

 alph_l2         1.00000     

 alph_l3         1.00000     

 alph_l4         1.00000     

 alph_l5         1.00000     

 alph_l6         1.00000     

See file rt3d_calib.sen for parameter sensitivities. 
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Observations -----> 

 

Observation            Measured       Calculated     Residual       Weight     Group 

                       value          value 

w1-1                   1.80000        2.01321      -0.213210        1.000      w1           

w3-1                   1.30000        431.287       -429.987        1.000      w3           

w1-2                   1.30000       2.538930E-02    1.27461        1.000      w1           

w1-3                   3.70000       2.572430E-02    3.67428        1.000      w1           

w1-4                   7.70000       2.528230E-02    7.67472        1.000      w1           

w3-2                   2.70000        41.1331       -38.4331        1.000      w3           

w3-3                   9.10000        41.2357       -32.1357        1.000      w3           

w7-1                   9.00000        5.14775        3.85225        1.000      w7           

w2-1                   1.60000        15.9154       -14.3154        1.000      w2           

w2-2                   2.20000        18.0084       -15.8084        1.000      w2           

w2-3                   4.10000        18.6840       -14.5840        1.000      w2           

w2-4                   4.30000        19.6495       -15.3495        1.000      w2           

w2-5                   6.00000        19.8295       -13.8295        1.000      w2           

w3-4                   128.000        37.2594        90.7406        1.000      w3           

w3-5                   3.30000        37.9162       -34.6162        1.000      w3           

w3-6                   105.000        38.0682        66.9318        1.000      w3           

w3-7                   100.000        37.4960        62.5040        1.000      w3           

w3-8                   99.0000        36.8402        62.1598        1.000      w3           

w3-9                   122.000        36.2373        85.7627        1.000      w3           

w3-10                  118.000        35.5546        82.4454        1.000      w3           

w7-2                   202.000        1.73329        200.267        1.000      w7           

w7-3                   5.50000        1.69938        3.80062        1.000      w7           

w7-4                   4.00000        1.64823        2.35177        1.000      w7           

w7-5                   4.10000        1.58623        2.51377        1.000      w7           

w7-6                   5.80000        1.58782        4.21218        1.000      w7           

w7-7                   17.0000        1.51681        15.4832        1.000      w7           

 

See file rt3d_calib.res for more details of residuals in graph-ready format. 

 

See file rt3d_calib.seo for composite observation sensitivities. 

 

 

Objective function -----> 

 

  Sum of squared weighted residuals (ie phi)                =  2.6481E+05 

  Contribution to phi from observation group "w1"           =   74.07     

  Contribution to phi from observation group "w2"           =   1094.     

  Contribution to phi from observation group "w3"           =  2.2323E+05 

  Contribution to phi from observation group "w7"           =  4.0405E+04 

Correlation Coefficient -----> 

  Correlation coefficient                                   = -5.1743E-02 
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Analysis of residuals -----> 

 

  All residuals:- 

     Number of residuals with non-zero weight                       =    26 

     Mean value of non-zero weighted residuals                      =   3.322     

     Maximum weighted residual [observation "w7-2"]                 =   200.3     

     Minimum weighted residual [observation "w3-1"]                 =  -430.0     

     Standard variance of weighted residuals                        =  1.6550E+04 

     Standard error of weighted residuals                           =   128.6     

 

     Note: the above variance was obtained by dividing the objective  

     function by the number of system degrees of freedom (ie. number of  

     observations with non-zero weight plus number of prior information  

     articles with non-zero weight minus the number of adjustable parameters.) 

     If the degrees of freedom is negative the divisor becomes  

     the number of observations with non-zero weight plus the number of  

     prior information items with non-zero weight. 

 

  Residuals for observation group "w1":- 

     Number of residuals with non-zero weight                       =     4 

     Mean value of non-zero weighted residuals                      =   3.103     

     Maximum weighted residual [observation "w1-4"]                 =   7.675     

     Minimum weighted residual [observation "w1-1"]                 = -0.2132     

     "Variance" of weighted residuals                               =   18.52     

     "Standard error" of weighted residuals                         =   4.303     

 

     Note: the above "variance" was obtained by dividing the sum of squared  

     residuals by the number of items with non-zero weight. 

 

  Residuals for observation group "w2":- 

     Number of residuals with non-zero weight                       =     5 

     Mean value of non-zero weighted residuals                      =  -14.78     

     Maximum weighted residual [observation "w2-5"]                 =  -13.83     

     Minimum weighted residual [observation "w2-2"]                 =  -15.81     

     "Variance" of weighted residuals                               =   218.9     

     "Standard error" of weighted residuals                         =   14.79     

 

     Note: the above "variance" was obtained by dividing the sum of squared  

     residuals by the number of items with non-zero weight. 

 

  Residuals for observation group "w3":- 

     Number of residuals with non-zero weight                       =    10 

     Mean value of non-zero weighted residuals                      =  -8.463     

     Maximum weighted residual [observation "w3-4"]                 =   90.74     

     Minimum weighted residual [observation "w3-1"]                 =  -430.0     

     "Variance" of weighted residuals                               =  2.2323E+04 
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     "Standard error" of weighted residuals                         =   149.4     

 

     Note: the above "variance" was obtained by dividing the sum of squared  

     residuals by the number of items with non-zero weight. 

 

  Residuals for observation group "w7":- 

     Number of residuals with non-zero weight                       =     7 

     Mean value of non-zero weighted residuals                      =   33.21     

     Maximum weighted residual [observation "w7-2"]                 =   200.3     

     Minimum weighted residual [observation "w7-4"]                 =   2.352     

     "Variance" of weighted residuals                               =   5772.     

     "Standard error" of weighted residuals                         =   75.97     

 

     Note: the above "variance" was obtained by dividing the sum of squared  

     residuals by the number of items with non-zero weight. 

 

 

K-L information statistics -----> 

 

 

  AIC   =   261.9452     

  AICC  =   280.8024     

  BIC   =   275.7843     

  KIC   =   254.5743     

 

Parameter covariance matrix -----> 

 

                 por1       alph_l1       k-pce        k-tce        k-dce         k-vc        pce_s1       tce_s1    

                pce_s2       tce_s2    

 

por1           0.2085      -9.0499E-02   3.6811E-02  -0.4049       3.9856E-02   0.2255       0.2292      -6.8134E-02 

              -0.1371      -0.1249     

 

alph_l1       -9.0499E-02   0.1341      -1.6949E-02   0.2204      -3.3405E-02  -0.1811      -9.9799E-02   5.1856E-02 

               2.7382E-02   7.6659E-02 

 

k-pce          3.6811E-02  -1.6949E-02   0.1204      -0.1515      -7.2390E-02   4.4035E-04   9.9289E-02   2.8212E-02 

               8.9168E-03   9.6293E-03 

 

k-tce         -0.4049       0.2204      -0.1515        1.160      -0.1603      -0.5112      -0.6466       3.1107E-02 

               0.2744       0.2223     

 

k-dce          3.9856E-02  -3.3405E-02  -7.2390E-02  -0.1603       0.1580       6.4022E-02   9.7664E-02  -2.6123E-02 

              -5.0806E-02  -7.2784E-02 

k-vc           0.2255      -0.1811       4.4035E-04  -0.5112       6.4022E-02   0.4673       0.2079      -0.1016     

              -0.1763      -0.1090     
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pce_s1         0.2292      -9.9799E-02   9.9289E-02  -0.6466       9.7664E-02   0.2079       0.4304      -1.7442E-02 

              -0.1562      -0.1676     

 

tce_s1        -6.8134E-02   5.1856E-02   2.8212E-02   3.1107E-02  -2.6123E-02  -0.1016      -1.7442E-02   0.1283     

               2.9433E-02   7.1449E-02 

 

pce_s2        -0.1371       2.7382E-02   8.9168E-03   0.2744      -5.0806E-02  -0.1763      -0.1562       2.9433E-02 

               0.1640       5.1577E-02 

 

tce_s2        -0.1249       7.6659E-02   9.6293E-03   0.2223      -7.2784E-02  -0.1090      -0.1676       7.1449E-02 

               5.1577E-02   0.1741     

 

 

 

Parameter correlation coefficient matrix -----> 

 

                 por1       alph_l1       k-pce        k-tce        k-dce         k-vc        pce_s1       tce_s1    

                pce_s2       tce_s2    

 

por1            1.000      -0.5413       0.2324      -0.8234       0.2196       0.7224       0.7651      -0.4166     

              -0.7417      -0.6556     

 

alph_l1       -0.5413        1.000      -0.1334       0.5587      -0.2295      -0.7235      -0.4154       0.3953     

               0.1846       0.5017     

 

k-pce          0.2324      -0.1334        1.000      -0.4055      -0.5249       1.8564E-03   0.4362       0.2270     

               6.3457E-02   6.6514E-02 

 

k-tce         -0.8234       0.5587      -0.4055        1.000      -0.3746      -0.6944      -0.9152       8.0632E-02 

               0.6291       0.4946     

 

k-dce          0.2196      -0.2295      -0.5249      -0.3746        1.000       0.2356       0.3746      -0.1835     

              -0.3157      -0.4389     

 

k-vc           0.7224      -0.7235       1.8564E-03  -0.6944       0.2356        1.000       0.4635      -0.4150     

              -0.6370      -0.3823     

 

pce_s1         0.7651      -0.4154       0.4362      -0.9152       0.3746       0.4635        1.000      -7.4218E-02 

              -0.5879      -0.6124     

 

tce_s1        -0.4166       0.3953       0.2270       8.0632E-02  -0.1835      -0.4150      -7.4218E-02    1.000     

               0.2029       0.4780     

 

pce_s2        -0.7417       0.1846       6.3457E-02   0.6291      -0.3157      -0.6370      -0.5879       0.2029     

                1.000       0.3053     

 

tce_s2        -0.6556       0.5017       6.6514E-02   0.4946      -0.4389      -0.3823      -0.6124       0.4780     
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               0.3053        1.000     

 

 

 

Normalized eigenvectors of parameter covariance matrix -----> 

 

              Vector_1     Vector_2     Vector_3     Vector_4     Vector_5     Vector_6     Vector_7     Vector_8    

              Vector_9     Vector_10   

 

por1          -0.4294      -0.2652      -0.4758       0.4655      -9.7973E-02   0.4057       0.1960      -3.1928E-03 

              -0.1130      -0.2771     

 

alph_l1       -0.1430       8.8621E-03   0.6244       0.3959       0.1372       0.4816      -0.2950      -0.1089     

               0.2424       0.1565     

 

k-pce         -0.4327       0.5927       9.9320E-03  -0.1100       0.2078       9.9284E-03   0.3398       0.3823     

               0.3727      -7.3751E-02 

 

k-tce         -0.4115      -8.5503E-02  -6.2781E-03  -0.3555      -0.1544       0.2073       0.1629      -9.3546E-02 

              -0.2761       0.7202     

 

k-dce         -0.4497       0.2633      -0.1223       1.8626E-02   0.2553      -0.3378      -0.3752      -0.6054     

              -0.1234      -0.1067     

 

k-vc          -0.2978      -2.7525E-02   0.4250      -9.1158E-02  -0.1306      -0.1023      -0.1523       0.4055     

              -0.6132      -0.3612     

 

pce_s1        -0.2080      -0.4591       0.2010      -0.5617       1.2125E-02   0.1198       0.1345      -0.2504     

               0.3615      -0.4051     

 

tce_s1        -0.2186       9.3761E-03  -8.7002E-02   3.6422E-02  -0.7452      -0.2036      -0.4058       0.1454     

               0.3971       5.5194E-02 

 

pce_s2        -0.2051      -0.3972       0.2543       0.3861       9.3183E-02  -0.6153       0.3807       2.6545E-02 

               0.1289       0.1922     

 

tce_s2        -0.1208      -0.3637      -0.2746      -0.1168       0.5082      -3.7993E-02  -0.4908       0.4666     

               0.1309       0.1694     

 

 

 

Eigenvalues -----> 

 

               1.1673E-03   5.0170E-03   2.1949E-02   2.5142E-02   4.7415E-02   0.1265       0.1651       0.2352     

               0.3665        2.151     
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SENSITIVITY MAIN OUTPUT FILE (.SEN) 

  PARAMETER SENSITIVITIES: CASE rt3d_calib 

 

 

 OPTIMISATION ITERATION NO.  1 -----> 

 Parameter name    Group          Current value    Sensitivity 

   por1            porosity        0.300000          68.6861     

   alph_l1         dispersivity     1.00000          33.0108     

   k-pce           rxn_rate        3.000000E-03      75.6094     

   k-tce           rxn_rate        8.500000E-03      61.2141     

   k-dce           rxn_rate        5.000000E-04      68.6452     

   k-vc            rxn_rate        3.000000E-03      46.1657     

   pce_s1          source_conc      6.50000          48.0742     

   tce_s1          source_conc      15.5000          36.6671     

   pce_s2          source_conc     7.000000E-03      44.3825     

   tce_s2          source_conc     0.250000          35.2500     

 

 

 

                        COMPLETION OF OPTIMISATION PROCESS 

 

 Composite sensitivities for observation group "w1" -----> 

 

 Number of observations with non-zero weight =     4 

 Parameter name    Group          Current value    Sensitivity 

   por1            porosity        0.300000          6.50117     

   alph_l1         dispersivity     1.00000          12.7500     

   k-pce           rxn_rate        3.000000E-03      26.9752     

   k-tce           rxn_rate        8.500000E-03      5.19230     

   k-dce           rxn_rate        5.000000E-04      12.7053     

   k-vc            rxn_rate        3.000000E-03      6.87455     

   pce_s1          source_conc      6.50000          6.12105     

   tce_s1          source_conc      15.5000          5.33210     

   pce_s2          source_conc     7.000000E-03      19.3675     

   tce_s2          source_conc     0.250000          3.43022     

 

 

 

 Composite sensitivities for observation group "w2" -----> 

 

 Number of observations with non-zero weight =     5 

 Parameter name    Group          Current value    Sensitivity 

   por1            porosity        0.300000          223.285     

   alph_l1         dispersivity     1.00000          113.654     

   k-pce           rxn_rate        3.000000E-03      84.7490     

   k-tce           rxn_rate        8.500000E-03      171.679     

   k-dce           rxn_rate        5.000000E-04      72.4878     

   k-vc            rxn_rate        3.000000E-03      140.281     

   pce_s1          source_conc      6.50000          174.565     

   tce_s1          source_conc      15.5000          107.229     

   pce_s2          source_conc     7.000000E-03      128.820     

   tce_s2          source_conc     0.250000          71.4191     

 

 

 

 Composite sensitivities for observation group "w3" -----> 

 

 Number of observations with non-zero weight =    10 

 Parameter name    Group          Current value    Sensitivity 

   por1            porosity        0.300000          139.328     

   alph_l1         dispersivity     1.00000          64.0060     

   k-pce           rxn_rate        3.000000E-03      191.640     

   k-tce           rxn_rate        8.500000E-03      133.987     

   k-dce           rxn_rate        5.000000E-04      174.669     

   k-vc            rxn_rate        3.000000E-03      97.3228     

   pce_s1          source_conc      6.50000          89.3061     

   tce_s1          source_conc      15.5000          78.7603     
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   pce_s2          source_conc     7.000000E-03      95.4045     

   tce_s2          source_conc     0.250000          84.3524     

 Composite sensitivities for observation group "w7" -----> 

 

 Number of observations with non-zero weight =     7 

 Parameter name    Group          Current value    Sensitivity 

   por1            porosity        0.300000          4.27782     

   alph_l1         dispersivity     1.00000          5.41647     

   k-pce           rxn_rate        3.000000E-03      3.92788     

   k-tce           rxn_rate        8.500000E-03      3.37316     

   k-dce           rxn_rate        5.000000E-04      3.32260     

   k-vc            rxn_rate        3.000000E-03      4.14314     

   pce_s1          source_conc      6.50000          6.91566     

   tce_s1          source_conc      15.5000          3.61967     

   pce_s2          source_conc     7.000000E-03      3.25932     

   tce_s2          source_conc     0.250000          3.86910     

 

 

 

 Composite sensitivities for all observations/prior info -----> 

 

 Number of observations with non-zero weight =    26 

 Parameter name    Group          Current value    Sensitivity 

   por1            porosity        0.300000          68.6861     

   alph_l1         dispersivity     1.00000          33.0108     

   k-pce           rxn_rate        3.000000E-03      75.6094     

   k-tce           rxn_rate        8.500000E-03      61.2141     

   k-dce           rxn_rate        5.000000E-04      68.6452     

   k-vc            rxn_rate        3.000000E-03      46.1657     

   pce_s1          source_conc      6.50000          48.0742     

   tce_s1          source_conc      15.5000          36.6671     

   pce_s2          source_conc     7.000000E-03      44.3825     

   tce_s2          source_conc     0.250000          35.2500     
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