Soil Moisture % Vol

Soil Moisture % Vol

60

Soil moisture sensor S34_01 (impact swamp)

. . . 500
1
LwW18 LW19 1 Lw21
1
1
I
1 - 400
1
1
1
& - 300
- =
—t =
T
| Py
1
1 - 200
1
1
1
1
70cm 1
80cm 1 - 100
90cm |
—— Profile mean 1
- Mean Baseline <2
-0
2021-07 2021-10 2022-01 2022-04 2022-07 2022-10 2023-01 2023-04
Soil moisture sensor S35a_01 (impact swamp)
60 i f i t . : : - : i 500
1 1
LW16 LW17 1 LW18 1 LW19 Lw21
1 1
1 1
50 1 1
1 - 400
40 -
- 300
30 A
- 200
20 -
- 100
10 Profile mean
~—— 60cm -=-- Mean Baseline >2y
70cm - LW passed <40
80cm
(e T -0
2019-07 2020-01 2020-07 2021-01 2021-07 2022-01 2022-07

2023-01

E-19

Weekly Rainfall (mm)

Weekly Rainfall (mm)



(reference swamp)

Soil moisture sensor S85 03

500

(ww) jreyurey Appapn

- 400

o o

o o

(3] N
L L

- 100

LW19

LW18

N

)

60

50

40 -

IOA % @Inisio |log

2021-03 2021-05 2021-07 2021-09 2021-11 2022-01 2022-03 2022-05 2022-07 2022-09 2022-11

2021-01

(reference swamp)

Soil moisture sensor S86_03

(ww) jreyurey Apjoap

o o o o
o o o o
n (s2) N ~ o
=
3
(2]
3
mv 9
7
@ 7
© Ll
& —al
-
2I
c £
§e
€8
§2 ¢
i
1
c £ E
L 18 Ol
o o
o

IOA % @INisIo Jlog

2021-07 2021-10 2022-01 2022-04 2022-07 2022-10 2023-01 2023-04

2021-04

E-20



Soil Moisture % Vol

Soil Moisture % Vol

60

Soil moisture sensor S87_02 (reference swamp)

i 500
LW18
- 400
- 300
30 A
- 200
20 -
- 100
10 1
0 -0
2021-01 2021-03 2021-05 2021-07 2021-09 2021-11 2022-01
Soil moisture sensor S95_01 (impact swamp)
60 i i i i i i i i i i i 500
LW18 LW19 Lw21
50
- 400
40
- 300
30 A \i"
b - 200
20 -
r |
N
—— 10cm 60cm |' - 100
107 20em —— Profile mean m .
~—— 30cm ---- Mean Baseline <2y
~ 40cm == = LW passed <400m
50cm
A e L0
2021-07 2021-09 2021-11 2022-01 2022-03 2022-05 2022-07 2022-09 2022-11 2023-01 2023-03

E-21

Weekly Rainfall (mm)

Weekly Rainfall (mm)



Soil Moisture % Vol

Soil Moisture % Vol

Soil moisture sensor SApp07_01 (reference swamp)

60 t t 500
LY
50 +
No lin % - 400
Impa data
B —
40 ~ ;
N - 300
30 +
- 200
20
—— 10cm ~ 80cm
——— 20cm 90cm
—— 30cm 100cm - 100
107 40em 110cm
~——— 50cm 120cm
—— Profile mean
. B .- -.--_- .
2022-08 2022-09 2022-10 2022-11 2022-12 2023-01 2023-02
Soil moisture sensor SApp07_02 (reference swamp)
60 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 500
LW18 LW19
50 -
WW - 400
40 - o~ \Lﬂl —«L lﬁ\'\
NSV AN - 300
\11 ] o
30 | Jq |
“ oS —
K W
- 200
20
—— 10cm ~—— 80c
—— 20cm 90c
—— 30cm 100 - 100
109 4 110
5 120
6 Prof an
7 = eline <2y
0 -0
2021-01 2021-03 2021-05 2021-07 2021-09 2021-11 2022-01 2022-03 2022-05 2022-07 2022-09 2022-11

E-22

Weekly Rainfall (mm)

Weekly Rainfall (mm)



Soil Moisture % Vol

60

Soil moisture sensor SApp07_03 (reference swamp)

. . . 500
LW18 LW19
W’WWWM*WMM'
50 e ]
| W - 400
40 - | .
! - 300
30
- 200
20 -
—— 10cm 8 i
—— 20cm 90c
104 30cm i 100
[ m (
— 0em .
6 i — ! e mean
cm — ! Baseline <
0 A 0 . EE—— 0
2021-01 2021-04 2021-07 2021-10 2022-01 2022-04 2022-07 2022-10 2023-01

E-23

Weekly Rainfall (mm)



Appendix F: Stream pool level hydrographs

Report D21190 133



Water level (m AHD)

Water level (m AHD)

Water level (m AHD)

WC13_Pool_1

| — wci13_pool_1]| LW14

2.5

N
o
‘

-
[¢;]
|

-
o
|

o
o
‘

0.0 A

LW15

LW16

LW17

LW18

LW19

- 400

- 300

r 200

- 100

2018 2019

2020

2021

WC14_Pool_9

2023

0.2 {l— wc14_pPoo 9| LW14

0.0 1

I

o

(¥
‘

|
©
~
|

I

g

[}
‘

-0.8

LW15

LW16

LW17

LW18

LW19

- 400

- 300

- 200

- 100

2018 2019

2020

2021

WC15_Pool_2

2022

2023

1.25 {|— wci1s_poo 2| LW 14
1.00 -
0.75 A
0.50
0.25 A
0.00 -

-0.25

LW15

LW16

LW17

LW18

LW19

Y I

% T

- 400

r 300

- 200

- 100

2023

Weekly Rainfall (mm)

Weekly Rainfall (mm)

Weekly Rainfall (mm)

200

175

150

125

100

75

50

25

200

175

150

125

100

75

50

25

200

175

150

125

100

75

50

25

3-day recession rate (mm/day) 3-day recession rate (mm/day)

3-day recession rate (mm/day)



Water level (m AHD)

-0.50 +

-0.75 -

-1.00

Water level (m AHD)

-2.00 +

-2.25 1

-2.50

Water level (m AHD)

-1.25 4

-1.50 +

-1.75

WC15_Pool 28

0.2

o
o
\

I

o

N
\

|
o
~
|

-0.6

| — wc1s_pool 28 LW 14

LW15

°
(]

L} .3 °

LW16

LW17

LW18

LW19

- 400

- 300

- 200

- 100

2018 2019

2020

WC15_Pool_34

2021

2022

2023

| — wci1s_pool_34 LW 14

o o
3x L X f!?.""a.:..d m“‘:

LW15

LW16

LW17

LW18

LW19

- 400

- 300

- 200

- 100

2018 2019

2020

2021

WC17_Pool_4

2022

1.0 |

0.8 -

0.6

0.4

0.2 A

0.0 -

_02 4

| — wc17_Pool_4| LW14

LW15

LW16

Lw17

LW18

‘O

- 400

- 300

- 200

- 100

2018 2019

2020

2021

2022

2023

Weekly Rainfall (mm)

Weekly Rainfall (mm)

Weekly Rainfall (mm)

200

175

150

125

100

75

50

25

200

175

150

125

100

75

50

25

200

175

150

125

100

75

50

25

3-day recession rate (mm/day) 3-day recession rate (mm/day)

3-day recession rate (mm/day)



Water level (m AHD)

Water level (m AHD)

Water level (m AHD)

WC21_Pool 24

3.0 1= 0ca1 Pool 2 |LW14 LW15 LW16 LW17  LW18 LW19
251 R 400
2.0 1 °
o F 300
W ¢
b
F 200
1.0 .
[ )
[ )
0.5 1 - 100
[ ]
[ ]
1 Lk i
0.0 . L ®
’ 00%°® ¢ .
2018 2019 2020 2021 2022 2023
WC21_Pool_25
o [F== woerpoa 25 |LW14 LW15 LW16 LW17  LW18 LW19
- 400
1.0 1
- 300
[ ]
0.5 -
- 200
0.0 1 °
N F 100
, LR
-0.5 | 3. o Newoes ® o o ° S
T T T T T T 0
2018 2019 2020 2021 2022 2023
WC_Pool21
F=7c.rooz1]  LW14 LW15 LW16 LW17  LW18 LW19
2.5
- 400
2.0 1
1.5 1
- 300
1.0 -
0.5 1 - 200
0.0
- 100
-0.5 1
4 Yngwipy.
T T T T 0
2018 2019 2020 2023

Weekly Rainfall (mm)

Weekly Rainfall (mm)

Weekly Rainfall (mm)

200

175

150

125

100

75

50

25

200

175

150

125

100

75

50

25

200

175

150

125

100

75

50

25

3-day recession rate (mm/day) 3-day recession rate (mm/day)

3-day recession rate (mm/day)



Water level (m AHD)

Water level (m AHD)

Water level (m AHD)

2.5

2.0 4

1.5 4

1.0 ¢

0.5 1

0.0 -

_05 4

-1.0 -

3.0 1

2.5

2.0 1

1.5 4

1.0 -

0.5 1

0.0 1

-0.5

0.3 1

o
N

°
-

o
o
;

_01 4

WC_Pool_23

|— wc_Poo 23] LW14 LW15 LW16 LW17 LW18 LW19
- 400
- 300
- 200
- 100
T T T 0
2018 2019 2020
WC_Pool_24
[— wc_poo_24| LW14 LW15 LW16 LW17 LW18 LW19
- 400
- 300
- 200
- 100
oo O
T T T T T T 0
2018 2019 2020 2021 2022 2023
WC_Pool_31
|— wc_pooi_31| LW14 LW15 LW16 LW17 LW18 LW19
- 400
- 300
- 200
- 100
L)
e 0
2018 2019 2020 2021 2022 2023

Weekly Rainfall (mm)

Weekly Rainfall (mm)

Weekly Rainfall (mm)

200

175

150

125

100

75

50

25

200

175

150

125

100

75

50

25

200

175

150

125

100

75

50

25

3-day recession rate (mm/day)

3-day recession rate (mm/day)

3-day recession rate (mm/day)



Water level (m AHD)

Water level (m AHD)

WC_Pool_35

|— wc_pool_35| LW14 LW15 LW16 LW17 LW18 LW19
0.3 -
F 400
0.2 -
0.1 - 300
0.0 -
F 200
_01 4
F 100
02 - 2
o
AR
2018 2019 2020 2021 2022 2023
WC_Pool_41
|— wc_pool_a1| LW14 LW15 LW16 LW17 LW18 LW19
281 ° - 400
g 280 - 300
<€
E
g 279 - L 200
: wal,
278 - . . L4 - 100
° . o°
° ° °
° o o ¢ ® e ’.
2771 - 0883° % o8 Lo o 8 8429 .0 .10
2018 2019 2020 2021 2022 2023
WC_Pool 43a
283.25 |l — wc_pool43a| LW 14 LW15 LW16 LW17 LW18 LW19
283.00 + 400
282.75 -
282.50 - [ 300
282.25 -
F 200
282.00 -
281.75 -
100
281.50 -
[ ]
281.25 - o %
T T T T T T 0
2018 2019 2020 2021 2022 2023

Weekly Rainfall (mm)

Weekly Rainfall (mm)

Weekly Rainfall (mm)

200

175

150

125

100

75

50

25

200

175

150

125

100

75

50

25

200

175

150

125

100

75

50

25

3-day recession rate (mm/day)

3-day recession rate (mm/day)

3-day recession rate (mm/day)



Water level (m AHD)

Water level (m AHD)

WC_Pool_45

283.0 |l— wc_Pool 45

282.5

282.0

281.5 4

281.0

280.5

280.0

279.5

Lw14

LW15 LW16

0 % B o

LW17 LW18 LW19

o % ° o0 o

- 400

- 300

- 200

- 100

2018

2019

2021

WC_Pool_49

2020

2022 2023

| — wc_Pool_49
283.25

283.00
282.75
282.50 -
282.25
282.00
281.75

281.50 -

281.25 -

LwW14

LW15 LW16

LW17 LW18 LW19

"0°i3 %

- 400

- 300

- 200

- 100

2018

2019

2021

WC_Pool_50

2020

2022 2023

| — wc_Pool 50

284

283

282 4

Water level (m AHD)

281 4

Lw14

LW15 LW16

LW17 LW18 LW19

N

it Ni ; 2*?4.'.5'

.

[} ° "‘0.0‘... ':’

- 400

- 300

- 200

- 100

2020 2021

2022 2023

Weekly Rainfall (mm)

Weekly Rainfall (mm)

Weekly Rainfall (mm)

200

175

150

125

100

75

50

25

200

175

150

125

100

75

50

25

200

175

150

125

100

75

50

25

3-day recession rate (mm/day) 3-day recession rate (mm/day)

3-day recession rate (mm/day)



WC_Pool 59

r 200

- 175

(Aepjww) ajel uoissadal Aep-g
o [Te) o

w N o wn o
- - = N s}

r 25

- 400

(ww) jrejurey Ao

o o

o o

@ N
L L

r 100

LW19

LW18

LW17

LW16

LW15

LW14

WC_Pool_59

2023

2021 2022
WC Pool 72

2020

2019

3.5

, , , ,
© N © <
o o - -

(QHV w) [oAs) Jojepm

,
©
o

,
Q
o

2018

r 200

- 175

(Aepjww) ajel uoissaodal Aep-¢

o [t} o

0 3 =] 0 o

- - - N~ 0
I I I I I

- 25

- 400

(ww) [reyurey Apesp

o o

o o

(5] N
L L

- 100

LW19

LW18

LW17

LW16

LW15

LW14

WC_Pool_72

(QHV w) [oAs) Jerepn

2021 2022
WC Pool 78

2020

2019

r 200

- 175

(Aep/ww) ajel uoissaosal Aep-¢

=) 0 o

o I o 0 [=}

-~ - - N o
I I I I I

r 25

- 400

(ww) eyurey Apjeapn
o o
S 5

- 100

LW19

LW18

LW17

LW16

LW15

LW14

WC_Pool_78

2023

2022

2021

2020

2019

(QHVY w) joAs) Jerepm

2018



Wwu

LW16

r 200

(Aepjww) ajel uoissagal Aep-¢

- 175

o

e}

-
L

'el

N

-
L

o

o

=4
L

el
N

r 25

- 400

o
>
L

(ww) jrejurey Ao

LW19

LW18

LW17

LW15

LW14

WWU

2023

2022

2021

2020

2019

2018

354.00 -

353.75 -

353.50 -

(QHV w) |eAs) Jejepy

353.25

353.00 -

352.75

352.50 -

WF54

r 200

(Aepjww) a1es uoissagal Aep-¢

2021

SC10_Pool_11

o) o Yo o
~ w N o wn o w
- — — -~ ~ 0 N
(ww) [reyurey Apesp
o o o o
o o o o
< (2] N -~
(0]
=
-
8 M
=
—
N~
=
—
(o]
©
5
To]
=
5
<
=
-
<
w
w
=
© © < o o
© «© «© © ©
™ [32] [32] ™ [32]
[s2] (32) [s2] [92] (32)

(QHVY w) [oAs) Jorem

2023

2022

2020

2019

2018

r 200

- 175

(Aepjww) a1es uoissasal Aep-¢

o

0

-
L

0 o

N o 0

- - N
. . .

o
's}

r 25

(ww) eyurey Apjeapn

2023

2022

2021

2020

2019

2018

o o o o
g g & g

(o]

~

=
o8
od

—

o]

~

=

N~

A

3

©

=/

=

(o]

-~

=

<

~—

=

5

8

o

m_

O

(2]

~ N Qe «© © < N

-~ ~ -~ o o o o

(QHVY w) [oAs) Jorem



SC10_Pool_14

(Aepjww) ajel uoissadal Aep-g

o [te} o

2021 2022
SC10_Pool_23

2020

2019

o w
o N~ w N o wn o v
N ~ -~ ~ -~ ~ v N o
(ww) jrejurey Ao
o o o o
o o o o
< (2] N -~ o
o $
W °
—l °
[ X}
|
o]
=
-
N~
=
=]
©
-
=
To]
-
=
<
A
5
<
o
o
o
o
m,
(6]
%)
© © < N o N <

(QHV w) [9A8) Jojepm

2023

2018

LW16

r 200

- 175

(Aepjww) ajel uoissaodal Aep-¢

o e} o

o} N =) © o

- - - ~ frel
. . . . .

- 25

- 400

(ww) [reyurey Apesp

o o

o o

(5] N
L L

- 100

LW19

LW18

LW17

LW15

SC10_Pool_23 | LW 14

1

2021

SC10 Pool 26a

1.0

0.8 -

© < N
o =} =}

0.0 -

(QHVY w) [oAs) Jorepm

_02 4

2023

2022

2020

2019

2018

r 200

(Aep/ww) ajel uoissaodal Aep-¢

o 0 o

o N S 0 o

- - - ~ o
. . . . .

- 175

r 25

(ww) eyurey Apjeapn

2023

2022

2021

2020

2019

2018

o o o o
S 3 Q =

(o)) O oM‘

M L il ]

%

®

- %

0
A
=
N~
A
=
[(e]
A
=
Lo
-
=
<r
-
=
©
&
m_
£
O_
15
()

© < o o o

o o o o n_v

(QHVY w) joAs) Jojem



Appendix G: Watercourse flow observations

Report D21190 134



:-|'£' O Peengesl Crisa e '.E ] (=] 3 s Coees e
n.“_.- 1 " Elr {00t oy 1:|:. 3 | 1y [ Gl T
i | 1 [/ i m 5 ke L
- + 3 ',| 1 [ 1 3 _.""- .g K "
o 1 ) EaF ol e - = ' PUT=D
. ! e | il W %k Pl Vi y e & 0 b Pl Viakia
-‘L' o g = # 1 Subnertiaos Fiow Cbunesd By = e & 1 v s Ee oy Dberesd
L |
- L N Il.'i"q if # 1= farles Sespape Dbuenved LY 1 h[.iﬂ-- & 5 St Leatiie (e
& : | - 1 Tariad e Pagide e - LF e} 2ty & Nwipartecs Tackks Oboeved
b 3 g B d s farinin Fige (piarens - __'I I,'l B Garfenk loss Déarees
F,
& N L
N ] -F f (SIS e S el LR F i [T B -T2
. / e - = . y = —— .
= i . “§ # ~

[ 1

5 X

-.. o, F e - M
o I'x_ ' | o SR 1
iyl Mg e - 2 L H] W 1 ,.' " e __\_{
B o | ! g < R o) : wete
: e . e 1y | K =X g e | i
= L | ‘. & ¥ = L [ Y [T _FY L P .
8 b { B i L] i = i
o .cI".“ ", . 2 r .'-. ..ﬂ'. |§ = g o { ,
| X \ $ | q
] ."T' iyl ped l‘" ] " 1".1";'-\.. [T u'.‘n .
T W, ¥ L - =1 1 " 4! ]
‘:I.'f-‘.. [ i Ll i =, 5 1 [ a 1 {
AT i - LA \ ,‘l' 5
i 1 ) ' A |
Ll ; ¥ 1] §
WTTR i L 4 l:.\_ L'!\ I:' i .I L
-\" LI 1 - = 3 4 . 1 -
T A | | oy L A
w . i ' ! b ‘i’w g AT 1
1 1 ok - [ - 1 1 1 m A Bk ¥ il
: it s : | =i = 4 o [ m— |
Flow observations: Jun-2022 Flow observations: Jul-2022 Catchment closed *
=‘|'.‘.:. g 0 sl i = ﬂ = 1] 0 Veeigeel st Wi
n.'”_.- " Ebier 0o it _':'..- 1 Elr {0t s
=11 1 L [ NSUEY SErv A =g 1 [ W S
e 1 l "_'_ = il T ? l "_'_ SR T
A o A | L B F ek Fles wiis - e i | C—TH B Fork Flam wuids
-.:.. & ) - " = # 1 r Subnedacs Fiow Cbwnesd -‘:.. = ) = & 1 v Subnertiaos Fuow Cburesd
'l N I-l:;'ll B I sSuries Tespage Dbuervesd - ® li:-;'ll W I= Turlers Tepoage Dbuervad
Ll { . o B e Satad i P b - { . G- B e Saataln P
g __:' F e B d o Faminie Fiow Oppprved e __u' yr. B d o Farinie Figw Dpparwed
il - _r'/ ; [T R TE 2l a ),./ ; SR R
w: ) e 3 - i e =
- |k - SRty | o - O | ¥
-] o 1 d = o 1 |
i o f Wi A F
d-a...- ey .’] o L1 .h“--‘_‘f o . .'] I, " e i _J'.‘
- Ly | S - 1 Ly | 1 =
=] £ M ey | il ¢ g oy
i TN " " L T L F :;: _. T J " X 5 F "
B b L] W E Y b L] " . L8
5 thil.l‘ 3 & . . .- o o ':#.—1 3 [ - r .- =
: ."T' et ot - i‘i Yy ! , -"T' A E . . -1" Y .
e il : L 1 gl . . i L 9 a)
1,\(‘. LY i3 L Fi 1:\('. =t ® . 3!
e ' L L k i £ Bty 1
BT =i 1Yp E 4 .L i - =& s ! ':.\_
-" " oE 1 = = ] . g -," LY 1 » = J . " 4
‘ ] v ‘ W ! v
E i w® - il E i w* b T - "
1 1 J:"-""- -\. ) '.. : 1 J.:-m. = n ..-
F X o -y ¥ | —— it 51 | F A - i | ]
Flow observations: Aug-2022 Flow observations: Sep-2022 | Assessment D not triggered
e g 0 . Wikl il i Qutflow obseryation
i e Eler (0 e
: 'Jl -.-' [ SSREY FFriRY STy o Ul
. ¥ H L » gl
T i 4 P
% '.:.: { - B %ok Pl vighis ' 0= Na Flow Vigible
el g & 1 et Fos O
L= | B g -~ e ® 1 = Subsurface Flow Obsarved
- L 5 ILF fil I ¥ I~ Turtes Tespage Thusrned
e g o B0 St Parkd (e & 2= 5uriace Seepage Dbservad
[ A = -
I B d o Bl Flier Cppirved _
i f ; T T—— @ 3=3Surface Trickle Observed
g Ty -
ORI s y @ 4 =Surface Flow Obsened
o . 1 3
e i o ’ O  Wongawil Creek ske
el ) e
I | : i gy f — - -
,[ ) .‘ﬁ‘h ! -+ * No or limited observations along Wongawilli Ck because of
Ll (LN} 3 ¥ 18 . .
{ " 3 |I;'|- f catchment closure due to high rainfall.
1 L I %
'..!' R g | \
3 .#__:-\..' [ ' 3 -.'gé ]
L @i .
L . -y i i A E:\DENDROBIUM\Reports\HGEO15\TARP_D\SW Flow observations during LW19.docx
i S l;' E:\DENDROBIUM\GIS\Maps\Deliverable\EoP19\SWobservations_EOP19.mxd
o F. 5
) 0 w WATERSHED
. o HYgRGGIa
i . S o e
;"H. r;h — _E"'_

Flow observations: Oct-2022

Catchment closed *



O eengmel [ @i

N F b R o iy
‘_.-"'f-."'l i.'l Ll Tingm el el m Gy
- < il ': = shigle
A ¥ s : F i B F ko Pl Wiids
IL_:--\. ) L] & # 1 Subnerise Fow Cowneed
|
1 4 fil = ¥ 1= Turles Tespeage Dbuerved
b {8 el B 1o Sadiale Prkds Dl
btod Fane & i Sariain Fiw (e
(SIS
oy T
- 1 b
T e 1
L -r
? - “'“-.f "
&
ol T, [Facs. 8 [F rﬁ. T
| -f%. ‘- 4
- A N
ik { pat
A
L
L4 —_— r - -""\.x
o h !
- - ] ;
1 al )
& | oo
i I T

> |5
FIow observatlons Nov-2022 _ FIow observatlons Dec 2022

lﬁ O eengmel [ @i
g™ B it
I| Tingm el el m Gy
= v gl
b g B F ko Pl Wiids
M #  1r Submeria Fow Chwmred
fil ¥ 1= Turles Tespeage Dbuerved
]
L]
5]
T

| ' o 1 Sarlad i Pghde Oibirvad
- dl & Bamips o Fipe (Mpprens
P ':-Il'l'l:n-uurl '\.Il'.-\.r
T =2 aat ; l
— 1"'\-\. x|
it T
]

.r‘l, T
1
F .
] .
I'
-g
'H'

.'\.I- “H- -'\._.\.
sl i, ; VoA
Flow observations: Jan-2023

ol

T
-

N

[ -\._-.
-

O eengmel [ @i

E

CeF
2o Pl Fliom o pdida
1 Gdmuriace Fom 06 wreed
1 = Sartecw Ssmpeape Dbuenrad
1o Sagbind e P Jpobeimtvid
A5 Fagini e (pparwed
A i pA G

e T AN o

i

1
\
L
) -
..l\.h-
= 3!
-:'
w t. oy
fAoemenm.
i
i

5 - .;.-' - - '\-\_\‘h._ II
* by -
L | ! ! & .: I.-'_
J i ._‘ J [
" l:l-. o - -"'-.x
*}.1- LW
o ] i
L = 4 gl
L] 7 1 _-_7 B |
i P

-=;
s : J

; b :
Flow observations: Mar-2023

]

_ FIow observatlons Feb 2023 it L

=1
o KU ﬁ O el (i e
R | ] E
o ', Eier oriobe e
'r’__,.d":.'.- '!.'I Ll Ty Ao i m AR
- 4 '|. =\ i
" o | e : P —mreiid 5o PR Pl v ie
e | " 1 = Budnartace Fiow Dbunved
I
- 1 A fil 1 = Dnlacw Tsp-age Thuarved
5 | i
o T |.., = =

L]
#
: "

G ' B o Sariade Pigde O
:d? B d o Fawindh Fige (parees
B DWW GEsag il
e ]

1"'\-\. "'\-\.I
3 oy

SeA g

o
b
¥
\ T
i 1
-_! 1 £
1 & ™ .-.

§
\ . '
-mv-.uu ."'-m. ' _.,..-r""?

-
- —

:

g KU ] ﬁ O el (i e
19 L TE
- L e iy et ey
'r’__,.-".'.- '!.I Ll Ty Ao i m AR
e FL : = gl
" o e : P —mreiid B Fark Flas wiis
‘}q-u' L] . & 1 ¢ Subserims Fiow Ctanied
|
& L] 5 fil = & 1 Daries Ssspage Dhuerved
Sy
R g I | T B 1w Saakal b Pahde
vt il ] Fane & d o Fawinin Fiow Dppived
LS j o BTG gag e
9 L ! o e
- 1 b
T Ty 1
L -r
" o
4 1
-ﬂ L = il
T = 1 ]
L1 . 'I K
J s
L] - oF L8
o kY
L i '
L = ! e N
h b P |
.I '] I}
i 1 ]
-_! £ I:"
% h P ¥
[T - I
L] k - ’
g = 1 3T '."'IH‘:I:
P EGE— |

Qutflow observation

<l

0= Mo Flow Vigible

1 = Subsurface Flow QObsarved
2 =5urface Seapage Obsarsad
3 = Burface Trickle Observed

4 = Surface Flow Obsansad

LB I

o

‘Wongawilll Creek ske

* No or limited observations along Wongawilli Ck because of
catchment closure due to high rainfall.

E:\DENDROBIUM\Reports\HGEO15\TARP_D\SW Flow observations during LW19.docx
E:\DENDROBIUM\GIS\Maps\Deliverable\EoP19\SWobservations_EOP19.mxd

W

WATERSHED
HYBRGEGIG



. 1] [ Vsl i e

o K
A P e
45 | i &i—_’-h.ﬂﬂﬂiﬂl
__.-'""-. .-..I | [EF - RSREr SPrRT S
e L4 ': S T
A ¥ s . T B F ko Pl Wiids
s | B ey T Ty v—
1 ': -i:t'ﬂ = ¥ 1= Turles Tespeage Dbuerved
- < Lh iy - ==y B e Saatale Paode bbEd
i 4 J e o | B d o Fariain P Dppirend
.\.1"\-\._ _|' Ty -I.' 3 l..l"_ ':-Il'_«'-?-u.quﬂ; '\.Ill.l-\.-'. =
sy, |kl _.J - 4 1
¥ " 5 | F "\-\. kl
mEr f s
e . " - .'\.\_\‘. 3
- I'-'"‘_ ﬁ L r.J‘l
=Y g e 1 o
Lk - I @ Wi
b L y - I
L .'_ A o - s
il Y 1 = 3
o ol T -'*'"' N : P
) A ) L] X
| - i g
waar W | =
N I. & .
LAl Y ] | }
Lyt w . | :
- = g ' I:"'
o \ o :
| . \ A )
i b # p, -5
\ | e B mi r—
Y oM el |
Flow observatons: Apr-2023 | ASSBSSeRtDIotigger

Outfiow obsenvation

“Huli>

0 = Na Flow Visibla

1 = Subsurface Flow Observed
2= Gurfaca Seepage Dbserdad
3 = Surfaca Trickle Obsarved

4 = Surface Flow Obsened

*9 8@ =

O Wongawil Creek ste

* No or limited observations along Wongawilli Ck because of
catchment closure due to high rainfall.

E:\DENDROBIUM\Reports\HGEO15\TARP_D\SW Flow observations during LW19.docx
E:\DENDROBIUM\GIS\Maps\Deliverable\EoP19\SWobservations_EOP19.mxd

W

WATERSHED
HYBRGEGIG



Appendix H: Rainfall-runoff modelling

Report D21190 136



H1. AWBM comparison: DCU — Donalds Castle Creek

This catchment incorporates the headwater sub-catchments DC13 and DCS2, and was mined under
at the commencement of Longwall 9, and again by Longwalls 10-12, and marginally by Longwall 13.
Longwalls 14-19 are beyond it (to the south). About 60% of the DCU catchment is not mined under.
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Figure H1 Comparison of observed flow against AWBM simulated flow: DCU

A This shows that during the pre-mining period the model is a moderate fit to observed data (this site continues to be difficult to calibrate a rainfall-
runoff model for). This fit is essentially the same in the post-mining period. Simulation of the very lowest flows remains the main weakness.

B Confirms the reasonable match between modelled and observed flows for the pre-mining period (black vs green) and illustrates that the model
predicts the range of flows reasonably well for the subsequent post-mining period (purple vs orange). The model overestimates lower flows
during Longwall 19 (blue vs red).

C The hydrograph shows a reasonable match between observed flows up until early 2013 (the start of Longwall 9), including periods of zero flow,
and the match is the same after that time. The model is considered to capture the 2017-19 drought and flow in the subsequent wetter 2020-23
period quite well. Generally, the flow recessions are matched to a reasonable degree, but there is scope for more improvement in this
catchment (it remains the most difficult hydrograph to match. There is no discernible systematic change in behaviour.

D The pre-mining ratio of modelled to observed flows shows the ratio hovers at about 1 (i.e. a good match between observed and modelled). The
post-mining ratio, including during Longwall 19, oscillates around 1, and is similar to the pre-mining behaviour (e.g. see 2009).

Catchment . . . Lo
- +
discharge after For the complete post-mining period, the water balance [Qsim _ETs:m] is former TARP — Not triggered
>= -6% of average Pobs (+12%) (and +4% for Longwall 19 period)
Longwall 19:
Assessment: The flow duration curves suggest that there is no systematic reduction in flow, especially at low flows, during Longwall 19. This is in

agreement with the agreed TARP assessment using Reference Sites.
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H2. AWBM comparison: WC12 — Wongawilli Creek tributary

The end of Longwall 15 skirted the north-western edge of this sub-catchment and to within 250 m of
the watercourse itself. Longwall 16 mined within 40 m of WC12, and Longwall 17 mined under this
watercourse. Longwalls 18-19 did not mine under this sub-catchment (Longwall 19 is 1 km away).
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Figure H2 Comparison of observed flow against AWBM simulated flow: WC12

A This shows that during the short (560 day) pre-mining period the model is a very good fit to observed data (R? = 0.84), with the fit weaker in the
shorter (605-day) post-mining period, but still good (R? = 0.67).

B Confirms the moderate match between modelled and observed flows for the pre-mining period (black vs green) and illustrates that the model
underestimates flow for the subsequent post-mining period (purple vs orange) and also slightly under for the Longwall 19 period (red vs blue).

C The hydrograph shows a reasonable match between observed flows up until Oct-2020 (as Longwall 16 approaches WC12), including two
periods of zero flow during the 2019 drought, and the match is the similar after that time. The model is considered to capture flow in the
subsequent wetter 2020-23 period moderately well. Generally, the flow recessions are well matched, but some are over-estimated and some
under-estimated in both the pre-mining and post-mining periods. There is no discernible systematic change in behaviour.

D The pre-mining ratio of modelled to observed flows shows the ratio oscillates at approximately 1 (i.e. a good match between observed and
modelled). The post-mining ratio during Longwall 19 has oscillated around 1, and has behaved similarly to the pre-mining ratio.

Catchment . . . Lo
discharge after For the complete post-mining period, the.water balance [Qsim + ETsim] is former TARP — Level 1
< -6% of average Pobs (-8.5%)
Longwall 19:
Assessment: This assessment suggests that mining effects on surface water flows are likely to occur in this sub-catchment, yet are relatively

minor (Level 1). This is the same result as for the Longwall 18 period.
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H3. AWBM comparison: WWL — Wongawilli Creek (lower)

Wongawilli Creek lies between Areas 3A and 3B. The watercourse is not directly mined under by
longwalls, but some tributaries (e.g. WC21, WC15, among others) have been mined under by Area 3A
and 3B longwalls, including Longwall 19. Longwall 18 is outside the Wongawilli Creek catchment.
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Figure H3  Comparison of observed flow against AWBM simulated flow: WWL

A This shows that during the pre-mining period the model is a moderate to good fit to observed data (R = 0.53). This fit is slightly better (R? =
0.64) in the post-mining period.

B Confirms the reasonable match between modelled and observed flows for the pre-mining period (black vs green) and illustrates that the model
still predicts the range of flows reasonably well for the subsequent post-mining period (purple vs orange) as well as reasonably well during the
extremely wet Longwall 19 period — including a good match to low flows during this period.

C The hydrograph shows a reasonable match between observed flows up until Feb-2010 (the start of Longwall 6), including two periods of zero
flow, and the match is the same after that time. The model is considered to capture the 2017-19 drought and flow in the subsequent wetter
2020-23 period quite well. Generally, the flow recessions are well matched, but some are over-estimated and some under-estimated in both the
pre-mining and post-mining periods. There is no discernible systematic change in behaviour.

D The pre-mining ratio of modelled to observed flows shows the ratio hovers at about 1 (i.e. a good match between observed and modelled). The
post-mining ratio, including during Longwall 19, oscillates around 1, and is similar to the pre-mining behaviour, although during droughts (when
flows were frequently close to 0), the ratio is more variable.

Catchment

discharge after For thoe complete post-mining period, the .water balance [Qsim + ETsim] is former TARP — Not triggered
>= -6% of average Pobs (-0.1%)
Longwall 19:
Assessment: The above analysis does not suggest any reduced sub-catchment flow / yield that can be discerned beyond natural variability or

model/method accuracy. This is consistent with the agreed TARP assessment using Reference Sites.
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H4. AWBM comparison: ND1S1 on Native Dog tributary ND1

ND1 is a tributary to Native Dog Creek, which flows into Lake Avon. Elouera Colliery longwalls are
within or close to this sub-catchment, but were not directly beneath this watercourse or its tributaries.
Dendrobium Longwall 18 mined under the upstream parts of the ND1 catchment.

A) X Scattergram (obs. v modelled) B} Flow Duration Curve
000 s , Lty Ol PP r:.
1:1 b
g Wl
4
= 1 e
g |
e
om . l‘_f!_-.:. g ; .
oo e L B | | ) ) . L D e :. ; T -
0001 om 0.1 1 1 10 1000 v Fral e —— Migceliad {calh | Fosl menng
Cibtsrend F iow WAL S— T Pocialed [oaib ) LW
C) Hydragraph DTS W00 ploding 00001 O (WL idey) AWE Modnlled Flon (WLid)
& Apps date of under-meniag Longwall Paogiiiiagn
10000 N . - . . . I - "
4000 i ]
i, ' & 18 l .
i) ] 1
EI ] ! !J |
3 i | P |1| g ]
i 1 1 ! i | i A
: " | " he NG A
0.1 L | | | | i 1h § g 5
"' | r| | ! || \i' | | i Wha L v "ﬂ'.l,. | | "".'.I.,I,'.'
B |5 | |- | {4 gl =3
oo TR il S L PR L P
el i b : | | B = _!._.J | j. : H
Jan-21re Jan-2017 Jar g Janv2018 Jan-2020 a0 a2z Jan- 20
B) e e e T
12
ratio ,
01 Hatio of Modebed o Obeersed
G g EPEOT, D O urdsi-rearng
Jan-2108 Jan-2017 Jmn-Z00E Jan-219 Jary- 2020 Jar-F02 Jan-2072 Jan2003

Figure H4 Comparison of observed flow against AWBM simulated flow: ND1

A This shows that during the pre-mining period the model is a good fit to observed data (R2 = 0.87), while the fit in the post-mining period is much
poorer. In part, this is related to the choice of rainfall input. None of the available rainfall series, or combinations, is an appropriate match for the
pattern of flow during 2021-23, sometimes causing over-estimated flow and under-estimated flow.

B Confirms the reasonable match between modelled and observed flows for the pre-mining period (black vs green) and illustrates that the model
still tends to under-estimate low flows for the summer of 2021-22 period (purple vs orange) [see comment re: rainfall, above].

C The hydrograph shows a reasonable match between observed flows up until Jan-2022 (late in Longwall 17), including two periods of zero flow
early in Longwall 17. The model then underestimates flows in the summer of 2021-22 (as at some other sites). From Mar-2022, observed flows
are consistently below modelled, and the timing of this suggests that Longwall 18 has affected (reduced) the baseflow input to ND1 .

D The pre-mining ratio of modelled to observed flows shows the ratio hovers at about 1 (i.e. a good match between observed and modelled), but
tends to >1 during 2020. Halfway through Longwall 18, the ratio has increased significantly, suggesting a mining effect.

Catchment

discharge after For the complete post-mining period, the.water balance [Qsim + ETsim] is former TARP — Level 2
< -12% of average Pobs (-16%)
Longwall 19:
Assessment: The above analysis suggests that halfway through Longwall 18, this site has been affected by mining, which is unsurprising given

that Longwall 18 passed under the headwaters of this sub-catchment, including tributary ND1C. This is different to the agreed
TARP assessment using Reference Sites. During the Longwall 19 period, the flow effects are milder, however continue to be lower

than modelled.
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H5. AWBM comparison: SC10S1 on Sandy Creek tributary SC10

SC10 is a tributary to Sandy Creek, which flows into Lake Cordeaux. Earlier Area 3A longwalls are
within or close to this sub-catchment, but were not directly beneath this watercourse Dendrobium
Longwall 19 mined under the parts of the SC10 catchment. An initial comment is that this site has
proven difficult to simulate with AWBM. The flow in this subcatchment (in mm/d per unit area) is high
compared to other catchments, which causes problems with selecting a rainfall sequence.

A} X-¥ Scattergram {obs. v modelled) H]I_F_Iuw Duration Curve
2. ¢ WBoadehed - a -
1000 LB v BicSelipd - Fodl-ssreing f o %
g o i .
g T - R T . . . =l 5
E 10 : = 1 B
¥ >
2 By ‘ | "‘"“*‘\-\‘_\::‘
! i1 11 II|I -+1'
IIL
1001 —hn
0.1 Fs ¥ T i A% BT T T B "1 )
[eRita ] T
§ e —— ——— g, Pre e - = = Ligele] (cad | B e g
[rfe ] o a2 1 L L] [Ia = K [ e T8 R —'.: 1. Flom
Cibparved Flow (ML — Ol LW (e —
C) Hydrograph BCAO51 J0001E plameg 000001 O MLisay) ANER) Mzdeled Flow ML)
ot & Appron die of erded-minng Lorgenis Progresson
= - - , = = = T
1000 1 4 |
100
=5
i 1]
F
L
(R
Qo
0 201 Ju;-.';
don-id Janld Je0 daeeid Jan-i2 Jaee1d Jden-id JdeeeiB Jdeeeif JaneiT danci8 Jeeeid Jancdd Jand) Jandd JenZl
TR R e T amT e e e e e R
10 - : o i d f it
ratio i o i : pail q 1 (
B b i = 1 e .'. i s L 3 ; J 1 i ¥ i LA TE e
o1 Feao of Modeed to Cosered |
B we= ARGTGE Qi OF USd-Saieng

dan-08 JAan-09 Jan-10 Jae-AE Jan-17 Jan13 Jencld Jan 1S Jan-16 Jan1T Jan-18 Janad2 Janead Janadl  Janlr  Jana2d

Figure H5 Comparison of observed flow against AWBM simulated flow: SC10

A This shows that during the pre-mining period the model is a poor fit to observed data (R2 = 0.24), while the fit in the post-mining period similar
(0.34).

B This shows a reasonable match between modelled and observed flows for the pre-mining period (black vs green), albeit that observed flows
above Q60 are much higher than modelled flows. This also illustrates that the model tends to match flows for the post-mining period (purple vs

orange) and Longwall 19 period (red vs blue).

C The hydrograph shows a passable match between observed and modelled in the pre- and post-mining periods. The hydrograph does not
indicate any significant change in behaviour.

D The pre-mining ratio of modelled to observed flows shows the ratio hovers at about 1 (i.e. a good match between observed and modelled), is
quite noisy, which reflects on the issue of trying to calibrate a rainfall runoff model to flows in this sub-catchment.

Catchment

L - - Lo
discharge after For :[]he complete post mlnlrsg period, the water balance [Qsim + ETsim] is former TARP not triggered
> -6% of average Pobs (+9%)
Longwall 19:
Assessment: The above analysis suggests that an effect is not detectable in this catchment (consistent with the TARP assessment using

Reference Sites). However, we should stress that this finding has a low reliability given the difficulty in matching flows in
this catchment using a rainfall-runoff model.
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H6. AWBM comparison: GS2122205 on Sandy Creek

Sandy Creek flows into Lake Cordeaux near Area 3A. Area 2 Longwall 5 mined along the eastern
edge of this catchment, while Area 3A Longwalls 7-8 mined beneath this catchment, as did Longwall
19. All these longwalls were at least 400 m from the watercourse (but closer to tributaries, e.g. SC10).
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Figure H6  Comparison of observed flow against AWBM simulated flow: Sandy Creek
A This shows that during the pre-mining period the model is a moderate to good fit to observed data (R2 = 0.66), while the fit in the post-mining
period is similar (0.49).
B Confirms the reasonable match between modelled and observed flows for the pre-mining period (black vs green) and illustrates that the model
tends to slightly under-estimate low flows in the post-mining period (purple vs orange/ blue vs red) but is still a good match.
C The hydrograph shows a reasonable match between observed flows through the historical period, including dry spells in 2013 and 2017-19.
Some other periods of low flow are under-estimated by the model, while some are over-estimated. There is no clear difference in the degree to
which the model matches the pre-mining period compared to the post-mining period, except perhaps during the 2012-2016.
D The pre-mining ratio of modelled to observed flows shows the ratio hovers at about 1 (i.e. a good match between observed and modelled), but

tends to >1 during 2013-16, before settling down again from 2017 (and continuing around 1 through to 2023).

former TARP — No triggered

Catchment For the complete post-mining period, the.water balance [Qsim + ETsim] is
(but close to Level 1 during Longwall 19 alone)

discharge after o .
Longwall 19: < -6% of average Pobs (-0.4%)
The above analysis suggests this site has not been clearly affected by mining by Longwall 19, but mild effects from earlier mining

Assessment:
(Longwalls 7 and 8 in Area 3A) may have occurred — which would match observations made about tributary catchment SC10C.

This is consistent with the agreed TARP assessment using Reference Sites.
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H5. Parameters used for AWBM by modelled sub-catchment

AWBM was first developed by W. Boughton in the early 1990s (Boughton, 2004; Boughton and Chiew,
2003). The model takes average rainfall and potential evaporation across a catchment as inputs on a
daily timestep. The user provides parameters to describe the relative area and soil moisture storage
capacity of three stores covering the catchment (Figure H5).

Based on these inputs and
parameters, surface runoff and
baseflow are calculated and
then released from the relevant
storage using a linear decay
(Ksurf or Kbase). These
decayed flows are summed to
estimate total catchment
outflow on a daily basis.

Most of the parameters relate in
part to the simulated connected
groundwater system in the
catchment. For this project,
AWBM has been populated and
run via a spreadsheet version
of the AWBM model.

cil

P E

¢

Excess {1.0-BF1)* Excess

=== =
¥

| | —r
-4
AT |
I: -
A2 Surface runoff
Hinfiltration =
c3 - BFI" Excess

LatFrac "
] Infiltration
T
{1.0-LatFrac) | i"—l-
" Infilraben T Interflow
. ETgw W 1.
"GV slore’
E ]
Baseflow

Figure H5. AWBM Rainfall-runoff model flow diagram

(modified from Boughton, 2004)

Report D21190

143



Table H1. AWBM parameters and inputs for selected Dendrobium catchment models

Kbase Klat

area - fraction fraction fraction

fraction

area -
fraction

area -
fraction

Donalds Castle Creek catchments

DCU ‘ 0.08 ‘ 0.20 0.72 ‘ 0.99 0.7 ‘ 0.30 0.60 0.7 0.04 ‘ 0.25 ‘ 0.40 0.006
Wongawilli Creek catchments

WC12 0.1 0.55 0.35 0.982 0.85 0.35 0.32 0.7 0.015 0.175 0.35 0.01
WWL 0.3 0.35 0.35 0.992 0.8 0.20 0.60 0.7 0.015 0.15 0.25 0.04
Lake Avon catchments

ND1 ‘ 0.02 ‘ 0.40 0.58 ‘ 0.975 ‘ 0.85 ‘ 0.5 0.5 0.5 0.06 ‘ 0.15 ‘ 0.40 0.06

Sandy Creek catchments

X ‘

X ‘

SITE DAILY RAINFALL INPUT EVAPORATION INPUTS

Donalds Castle Creek catchments

DCU

Daily SILO Data Drill “DEN-South” to Oct-2007.

Average of Dendrobium Centroid and A3B rainfall
records used for Oct-2007-2021.

Daily SILO “DEN-South” Pan Evaporation (‘Evap’).

Pan factor of 1.
ETew simulated from 0.6% of this sub-catchment.

Wongawilli Creek catchments

WC12 Average of SILO Data Drill “DEN-South” and WaterNSW  Daily SILO “DEN-South” Pan Evaporation (‘Evap’).
Browns Road rainfall used. Pan factor of 1.
ETew simulated from 1% of this sub-catchment.
WWL Daily SILO Data Drill “DEN-South” to Oct-2007. Daily SILO “DEN-South” Pan Evaporation (‘Evap’).

Average of Dendrobium Centroid, A3B and SILO “DEN-
South” rainfall records used for Oct-2007-2021.

Pan factor of 1.
ETew simulated from 1% of this sub-catchment.

Native Dog Creek catchments

ND1

Average of Daily SILO Data Drill “DEN-South” and
WaterNSW Browns Road to Oct-2007.

Average of Dendrobium Centroid, A3B, Browns Rd and
SILO “DEN-South” rainfall records used for Oct-2007-
2021.

Sandy Creek catchments

Daily SILO “DEN-South” Pan Evaporation (‘Evap’).

Pan factor of 1.
ETew simulated from 6% of this sub-catchment.

WC12

WWL

Average of SILO Data Drill “DEN-South” and WaterNSW
Browns Road rainfall used.

Daily SILO Data Drill “DEN-South” to Oct-2007.

Average of Dendrobium Centroid, A3B and SILO “DEN-
South” rainfall records used for Oct-2007-2021.

Daily SILO “DEN-South” Pan Evaporation (‘Evap’).

Pan factor of 1.
ETew simulated from 1% of this sub-catchment.

Daily SILO “DEN-South” Pan Evaporation (‘Evap’).

Pan factor of 1.
ETew simulated from 1% of this sub-catchment.
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