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5.10

Silty Sandy CLAY: medium plasticity, pale grey and orange,
sand is fine grained; silt is low plasticity.

Continued as Cored Borehole
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RESIDUAL SOIL
0.00-5.10: soil composition,
consistency/density and  moisture
content was estimated from auger
cuttings to 5.1m depth
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Checked GEM

Date 2/12/2024

Comments

Project:

Location:

Client:

Job No.:

Pioneer-Burdekin PHES

Netherdale/Dalrymple Heights

Queensland Hydro

PS138693

Sheet 1  of  6Position: Upper Reservoir

Coords: 658112.8 m E  7667931.9 m N  MGA2020-55

Surface RL: 905.99 m AHD

Contractor: Twin Hills Engineering & Drilling   Drill Rig: TH24

Inclination: -89°    Direction:  018°

Date Started: 12/6/2024

Date Completed: 4/7/2024

Logged: PT

BOREHOLE:  BHUA-21
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NO CORE 0.70m (5.10-5.80)  NO CORE.

METAGRANITE: medium to coarse grained, pale
brown, white and grey, crystalline, massive, fabric
shows metamorphic crystal reorientation, moderately
to highly altered granite.

CI Sandy CLAY: medium plasticity, light brown, sand
is coarse grained; trace fine grained gravel. stiff.

METAGRANITE: medium to coarse grained,
red-brown and pale brown, crystalline, fabric shows
metamorphic crystal reorientation, moderately to
highly altered granite.

NO CORE 0.21m (8.26-8.47)

METAGRANITE: medium to coarse grained,
red-brown and pale brown, crystalline, massive,
fabric shows metamorphic crystal reorientation,
moderately to highly altered granite.
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6.65-6.80: J x3, rd br SN, PR, RF
6.85: J, 50°, br, wh gy VN, PR, RF
6.95-7.00: EW

7.55: P, 30°, bl-mi VN, PR, RF

7.85: J, 30°, SN, PR, RF

8.00: J, 30°, bl-mi SN, PR, RF

9.10-9.20: CS, 20 - 30°, clay and XW rock, 100 mm
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& Additional Observations

(Core partings shown -
refer to Detailed Defect Descriptions table

for all logged features)

    - UCS

Checked GEM

Date 2/12/2024

Comments

Project:

Location:

Client:

Job No.:

Pioneer-Burdekin PHES

Netherdale/Dalrymple Heights

Queensland Hydro

PS138693

Sheet 2  OF  6Position: Upper Reservoir

Coords: 658112.8 m E  7667931.9 m N  MGA2020-55

Surface RL: 905.99 m AHD

Contractor: Twin Hills Engineering & Drilling   Drill Rig: TH24

Inclination: -89°    Direction:  018°

Date Started: 12/6/2024

Date Completed: 4/7/2024

Logged: PT

BOREHOLE:  BHUA-21
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NO CORE 0.10m (10.00-10.10)

METAGRANITE: medium to coarse grained, pale
brown and pale pink, crystalline, massive, fabric
shows metamorphic crystal reorientation, moderately
to highly altered granite.

NO CORE 0.24m (11.36-11.60)

METAGRANITE: medium to coarse grained, pale
grey and pale brown, crystalline, massive, fabric
shows metamorphic crystal reorientation, moderately
to highly altered granite.

CL-CI CLAY: low to medium plasticity, pale grey and
pale brown, with fine to coarse grained sand; with
fine to medium grained gravel.

NO CORE 0.15m (14.45-14.60)

METAGRANITE: medium to coarse grained, pale
grey and pale brown, crystalline, massive, fabric
shows metamorphic crystal reorientation, moderately
to highly altered granite.

Clayey SAND: coarse grained, pale grey and brown,
clay is medium plasticity; trace fine grained gravel.

NO CORE 1.11m (15.89-17.00)

METAGRANITE: medium to coarse grained, pale
brown and pale grey, crystalline, massive, fabric
shows metamorphic crystal reorientation, moderately
to highly altered granite.

Sandy CLAY: low to medium plasticity, brown, sand
is fine to coarse grained; trace fine grained gravel.

NO CORE 1.25m (17.60-18.85)

CL-CI CLAY: low to medium plasticity, brown, with
fine to coarse grained sand; trace gravel; (RS
Lamprophyre).

METAGRANITE: medium to coarse grained, pale
brown and pale grey, crystalline, massive, fabric
shows metamorphic crystal reorientation, moderately
to highly altered granite.
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10.12: J, 20°, yl-mi SN, UN, RF

10.60-10.62: CS, 10 - 25°, clay and XW rock, 50 mm

10.81: P, yl-mi VN, PR, VR

11.94: J, 50°, rd-mi SN, PR, SM

12.20: P, yl-mi VN, ST, RF

12.43: J, 10°, bl-mi VN, UN, VR

12.90-13.10: CS, clay and XW rock, 20 mm

14.25-14.45: CS, clay and XW rock, 30 mm

15.26-15.45: CS, clay and XW rock, 20 mm

15.53: J, 10°, bl-mi VN, PR, VR

15.75: J, 10°, bl-mi SN, UN, RF

17.50: J, 10°, yl-mi SN, UN, RF
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refer to Detailed Defect Descriptions table

for all logged features)

    - UCS

Checked GEM

Date 2/12/2024

Comments

Project:

Location:

Client:

Job No.:

Pioneer-Burdekin PHES

Netherdale/Dalrymple Heights

Queensland Hydro

PS138693

Sheet 3  OF  6Position: Upper Reservoir

Coords: 658112.8 m E  7667931.9 m N  MGA2020-55

Surface RL: 905.99 m AHD

Contractor: Twin Hills Engineering & Drilling   Drill Rig: TH24

Inclination: -89°    Direction:  018°

Date Started: 12/6/2024

Date Completed: 4/7/2024

Logged: PT

BOREHOLE:  BHUA-21
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CL-CI CLAY: low to medium plasticity, brown, grey,
trace fine to coarse grained sand; trace fine grained,
sub-angular gravel; (RS Lamprophyre).

NO CORE 0.16m (20.44-20.60)

CLAY: medium plasticity, pale grey with orange.

LAMPROPHYRE: fine to medium grained, dark
brown and grey, porphyritic, massive.

NO CORE 0.10m (22.00-22.10)

LAMPROPHYRE: fine to medium grained, dark
brown and dark grey, porphyritic, massive,
phenocrysts to 2 mm diameter.

NO CORE 0.60m (23.00-23.60)

LAMPROPHYRE: fine to medium grained, dark
brown and dark grey, porphyritic, massive,
phenocrysts to 2 mm diameter.

METAGRANITE: medium to coarse grained, pale
brown and  grey, crystalline, massive, fabric shows
metamorphic crystal reorientation, moderately to
highly altered granite.

NO CORE 0.55m (24.55-25.10)

LAMPROPHYRE: fine to medium grained, red brown
and green grey, porphyritic, massive, phenocrysts to
2 mm in diameter.

NO CORE 0.27m (26.38-26.65)

LAMPROPHYRE: fine to medium grained, red brown
and green grey, porphyritic, massive, phenocrysts to
2 mm in diameter.

METAGRANITE: medium to coarse grained, red
brown, pale brown and dark grey, crystalline,
massive, fabric shows metamorphic crystal
reorientation, moderately to highly altered granite.

LAMPROPHYRE: fine to medium grained, red brown
and green grey, porphyritic, massive, phenocrysts to
2 mm in diameter.
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20.72-20.80: J x2, 40°, br-mi VN, PR, RF

22.10-22.90: FZ

24.11: J, 10°, bl-mi SN, PR, RF
24.13: J, 10°, SN, PR, RF
24.13-24.52: FZ

25.13-25.17: FZ, rd-mi, 100 mm

25.67-25.92: FZ

26.60-27.00: FZ

27.27: J, 30°, br-mi VN, PR, RF
27.33: J, 85°, br, or-mi VN, CU, VR
27.46: J, 60°, br-mi VN, PR, RF
27.63: J, 20°, br-mi VN, UN, RF
27.75: J, 40°, br-mi VN, PR, RF
27.83: J, 30°, br-mi VN, PR, RF
27.90-28.10: FZ /J, 60°, br VN, PR, RF

28.20-28.25: FZ, rd-mi, 100 mm
28.20-28.30: J x2, 60°, br-mi VN, UN, RF

28.80-29.10: FZ, recovered as gravel

29.40-29.45: Jx2, 10°, bl-mi SN, PR, RF
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(Core partings shown -
refer to Detailed Defect Descriptions table

for all logged features)

    - UCS
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Date 2/12/2024

Comments

Project:

Location:

Client:

Job No.:

Pioneer-Burdekin PHES

Netherdale/Dalrymple Heights

Queensland Hydro

PS138693

Sheet 4  OF  6Position: Upper Reservoir

Coords: 658112.8 m E  7667931.9 m N  MGA2020-55

Surface RL: 905.99 m AHD

Contractor: Twin Hills Engineering & Drilling   Drill Rig: TH24

Inclination: -89°    Direction:  018°

Date Started: 12/6/2024

Date Completed: 4/7/2024

Logged: PT

BOREHOLE:  BHUA-21
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LAMPROPHYRE: fine to medium grained, red brown
and green grey, porphyritic, massive, phenocrysts to
2 mm in diameter.

METAGRANITE: medium to coarse grained, pale
brown to red brown, grey, white, crystalline, massive.
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29.60-30.52: FZ, recovered as gravel

30.25-30.29: J x2, 10°, VN, PR, SM

30.56: J, 30°, VN, UN, RF
30.62: J, 25°, br-mi VN, PR, RF
30.70: J, 10°, br-mi VN, PR, RF
30.77: J, 10°, br-mi SN, PR, RF
30.83: J, 35°, br-mi VN, PR, RF
30.61-31.10: FZ
30.88: J, 20°, br-mi VN, UN, RF
31.06-31.12: FZ, recovered as gravel
31.45: J, 10°, or-br VN, IR, RF
31.60: J, 10 - 15°, or-br VN, UN, RF

31.71-31.81: CS, rd, or and wh mi, 100 mm

31.93: J, 30°, SN, PR, RF

32.55-32.63: FZ, recovered as gravel
32.65: J, 10°, SN, PR, SM
32.79: J, bl-mi SN, UN, RF

33.22: J, 30°, bl-mi SN, PR, RF

33.44: J, 5°, bl-mi SN, PR, RF
33.49: J, 20°, bl-mi VN, PR, RF

34.12-34.18: J x2, 30°, or-mi SN, PR, RF

34.32-34.53: SZ, dark red mi SN, PR-IR, RF, iron
stained surfaces

34.70: J, 10°, or-mi SN, ST, RF

34.95: J, 5°, VN, PR, RF
35.09: J, 5°, or-mi VN, RF

35.35: J, 15°, or-mi VN, PR, RF
35.49: J, 30°, or SN, PR, SM
35.55: J, 5°, or-mi SN, PR, RF

35.75: J, 20°, CN, PR, RF

35.91: J, 20°, br-mi SN, PR, RF
36.00-36.04: CS, or, br-mi, 50 mm

36.00-36.62: Jx2, 20°, or-mi SN, PR, RF

36.52: J, 5°, br, or-mi VN, IR, VR

36.93: J, 5°, or-mi VN, PR, RF
37.04: J, 10°, SN, PR, RF

37.00-37.42: J x2, 20°, bl, or-mi SN, PR, RF

37.00-37.75: Jx3, 5°, SN, PR, RF

37.66: J, 20°, or-mi VN, PR, RF

38.17: J, 30°, VN, PR, RF

38.40-38.51: J x3, 10°, gr, br-mi VN, PR, RF

39.10: J, 5°, bl, or-mi SN, PR, RF

39.36-39.43: Jx2, 10 - 20°, bl, or-mi CN, PR, RF

39.62: J, 10°, bl, or-mi SN, UN, RF

39.77: J, 5°, br, or-mi SN, PR, RF
39.91: J, 40°, br, or-mi VN, IR, VR
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(Core partings shown -
refer to Detailed Defect Descriptions table

for all logged features)

    - UCS

Checked GEM

Date 2/12/2024

Comments

Project:

Location:

Client:

Job No.:

Pioneer-Burdekin PHES

Netherdale/Dalrymple Heights

Queensland Hydro

PS138693

Sheet 5  OF  6Position: Upper Reservoir

Coords: 658112.8 m E  7667931.9 m N  MGA2020-55

Surface RL: 905.99 m AHD

Contractor: Twin Hills Engineering & Drilling   Drill Rig: TH24
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Hole Terminated at 40.10 m
Target depth. Backfilled

40.10
865.90 40.08: J, 5°, br, gr-mi SN, ST, RF
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Surface RL: 905.99 m AHD
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Pioneer Burdekin Pumped Hydro Energy Storage: Tranche 2 – BHUA-21
 Defects List

PointID Depth Bottom Fracture Set
Defect 

Number
Type Type Suffix Dip Minimum 

(degrees)
Dip Maximum 

(degrees)
Infilling Material

Aperture 
Observation

Planarity Roughness
Aperture 

Measurement Sign
Aperture 

Measurement
Aperture Spacing Remark

BHUA-21 6.65 6.80 J x3 rd br SN PR RF
BHUA-21 6.85 J 50 br, wh gy VN PR RF
BHUA-21 6.95 7.00 EW
BHUA-21 7.55 P 30 bl-mi VN PR RF
BHUA-21 7.85 J 30 SN PR RF
BHUA-21 8.00 J 30 bl-mi SN PR RF
BHUA-21 9.10 9.20 CS 20 30 clay and XW rock 100
BHUA-21 9.11 9.22 DB x2
BHUA-21 9.84 DB
BHUA-21 10.12 J 20 yl-mi SN UN RF
BHUA-21 10.31 DB
BHUA-21 10.37 DB
BHUA-21 10.45 DB
BHUA-21 10.60 10.62 CS 10 25 clay and XW rock 50
BHUA-21 10.73 DB
BHUA-21 10.81 P yl-mi VN PR VR
BHUA-21 10.83 DB
BHUA-21 11.06 DB
BHUA-21 11.20 DB
BHUA-21 11.26 DB
BHUA-21 11.87 DB
BHUA-21 11.94 J 50 rd-mi SN PR SM
BHUA-21 12.10 DB
BHUA-21 12.20 P yl-mi VN ST RF
BHUA-21 12.43 J 10 bl-mi VN UN VR
BHUA-21 12.60 DB
BHUA-21 12.90 13.10 CS clay and XW rock 20
BHUA-21 13.34 hJ 5 bl-mi VN PR
BHUA-21 13.45 hJ 70 bl, yl-mi SN UN
BHUA-21 13.58 DB
BHUA-21 13.72 hJ 70 br-mi SN PR
BHUA-21 13.75 DB
BHUA-21 13.95 DB
BHUA-21 14.00 15.00 DB x4
BHUA-21 14.05 hJ 65 br-mi
BHUA-21 14.25 14.45 CS clay and XW rock 30
BHUA-21 14.60 15.00 DB x4
BHUA-21 15.26 15.45 CS clay and XW rock 20
BHUA-21 15.53 J 10 bl-mi VN PR VR
BHUA-21 15.75 J 10 bl-mi SN UN RF
BHUA-21 17.30 DB
BHUA-21 17.50 J 10 yl-mi SN UN RF
BHUA-21 19.60 DB
BHUA-21 19.66 21.90 HB
BHUA-21 20.72 20.80 J x2 40 br-mi VN PR RF
BHUA-21 20.86 21.10 hJ x3 40 br-mi SN PR
BHUA-21 22.10 22.90 FZ
BHUA-21 24.11 J 10 bl-mi SN PR RF
BHUA-21 24.13 J 10 SN PR RF
BHUA-21 24.13 24.52 FZ
BHUA-21 24.73 hJ 40 bl-mi VN PR RF
BHUA-21 25.13 25.17 FZ rd-mi 100
BHUA-21 25.25 hJ 70 br-mi
BHUA-21 25.26 hJ 30 br-mi SN UN
BHUA-21 25.53 DB
BHUA-21 25.67 25.92 FZ
BHUA-21 26.00 26.38 HB
BHUA-21 26.60 27.00 FZ
BHUA-21 27.20 DB
BHUA-21 27.27 J 30 br-mi VN PR RF
BHUA-21 27.33 J 85 br, or-mi VN CU VR
BHUA-21 27.43 hJ 40 bl-mi VN PR
BHUA-21 27.45 hJ 5 br-mi SN PR RF
BHUA-21 27.46 J 60 br-mi VN PR RF
BHUA-21 27.47 DB
BHUA-21 27.48 hJ 60 bl-mi VN PR
BHUA-21 27.63 J 20 br-mi VN UN RF
BHUA-21 27.75 J 40 br-mi VN PR RF
BHUA-21 27.83 J 30 br-mi VN PR RF
BHUA-21 27.90 28.10 FZ /J 60 br VN PR RF
BHUA-21 28.00 28.67 hJ br-mi
BHUA-21 28.20 28.25 FZ rd-mi 100
BHUA-21 28.20 28.30 J x2 60 br-mi VN UN RF
BHUA-21 28.40 DB
BHUA-21 28.41 28.68 hJ x3 bl, or - mi VN PR
BHUA-21 28.50 hJ 45 br-mi SN PR
BHUA-21 28.54 28.70 hJ 15 or-mi SN PR
BHUA-21 28.65 hJ 55 br-mi VN PR
BHUA-21 28.67 28.69 hJ x2 10 20 br-mi VN PR
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Pioneer Burdekin Pumped Hydro Energy Storage: Tranche 2 – BHUA-21
 Defects List

PointID Depth Bottom Fracture Set
Defect 

Number
Type Type Suffix Dip Minimum 

(degrees)
Dip Maximum 

(degrees)
Infilling Material

Aperture 
Observation

Planarity Roughness
Aperture 

Measurement Sign
Aperture 

Measurement
Aperture Spacing Remark

BHUA-21 28.80 29.10 FZ recovered as gravel
BHUA-21 29.20 29.35 hJ 10 or, br-mi SN PR
BHUA-21 29.20 29.61 hJ x6 10 20 br-mi VN PR RF
BHUA-21 29.40 29.45 J x2 10 bl-mi SN PR RF
BHUA-21 29.60 30.52 FZ recovered as gravel
BHUA-21 30.25 30.29 J x2 10 VN PR SM
BHUA-21 30.56 J 30 VN UN RF
BHUA-21 30.61 31.10 FZ
BHUA-21 30.62 J 25 br-mi VN PR RF
BHUA-21 30.70 J 10 br-mi VN PR RF
BHUA-21 30.77 J 10 br-mi SN PR RF
BHUA-21 30.83 J 35 br-mi VN PR RF
BHUA-21 30.88 J 20 br-mi VN UN RF
BHUA-21 31.06 31.12 FZ recovered as gravel
BHUA-21 31.15 31.22 hJ br-mi VN IR highly fractured and jointed at various orientation
BHUA-21 31.30 hJ 65 br-mi VN UN RF
BHUA-21 31.33 31.64 hJ x2 40 br-mi SN IR
BHUA-21 31.45 J 10 or-br VN IR RF
BHUA-21 31.58 31.66 hJ x2 20 br-mi SN PR
BHUA-21 31.60 J 10 15 or-br VN UN RF
BHUA-21 31.65 hJ 70 rd-br VN PR RF
BHUA-21 31.71 31.81 CS rd, or and wh mi 100
BHUA-21 31.82 32.60 hJ 10 RF
BHUA-21 31.93 J 30 SN PR RF
BHUA-21 32.00 32.97 hJ x3 30 bl-mi PR RF
BHUA-21 32.55 32.63 FZ recovered as gravel
BHUA-21 32.65 J 10 SN PR SM
BHUA-21 32.65 33.00 hJ br VN UN numerous healed joints at various orientations
BHUA-21 32.79 J bl-mi SN UN RF
BHUA-21 33.00 33.09 hJ or-mi
BHUA-21 33.22 J 30 bl-mi SN PR RF
BHUA-21 33.44 J 5 bl-mi SN PR RF
BHUA-21 33.49 J 20 bl-mi VN PR RF
BHUA-21 33.70 hJ 70 or-mi CU
BHUA-21 33.78 33.95 hJ 10 br-mi PR
BHUA-21 34.00 34.70 hJ x3 70 or-mi CU
BHUA-21 34.12 34.18 J x2 30 or-mi SN PR RF
BHUA-21 34.32 34.53 SZ dark red mi SN PR-IR RF iron stained surfaces
BHUA-21 34.70 J 10 or-mi SN ST RF
BHUA-21 34.74 34.79 hJ x4 10 br-mi PR
BHUA-21 34.95 J 5 VN PR RF
BHUA-21 35.00 35.66 hJ
BHUA-21 35.09 J 5 or-mi VN RF
BHUA-21 35.35 J 15 or-mi VN PR RF
BHUA-21 35.49 J 30 or SN PR SM
BHUA-21 35.55 J 5 or-mi SN PR RF
BHUA-21 35.63 35.70 hJ 40 br-mi PR
BHUA-21 35.67 hJ 30 bl-mi PR
BHUA-21 35.75 J 20 CN PR RF
BHUA-21 35.91 J 20 br-mi SN PR RF
BHUA-21 36.00 36.04 CS or, br-mi 50
BHUA-21 36.00 36.22 hJ 20 x4, br-mi PR
BHUA-21 36.00 36.62 J x2 20 or-mi SN PR RF
BHUA-21 36.52 J 5 br, or-mi VN IR VR
BHUA-21 36.58 36.97 hJ x7 20 or-mi PR
BHUA-21 36.93 J 5 or-mi VN PR RF
BHUA-21 37.00 37.42 J x2 20 bl, or-mi SN PR RF
BHUA-21 37.00 37.75 J x3 5 SN PR RF
BHUA-21 37.04 J 10 SN PR RF
BHUA-21 37.20 37.21 hJ x2 5 br-mi PR
BHUA-21 37.42 38.00 hJ 90 br-mi CU
BHUA-21 37.66 J 20 or-mi VN PR RF
BHUA-21 38.00 38.02 hJ 40 br-mi PR
BHUA-21 38.17 J 30 VN PR RF
BHUA-21 38.40 38.51 J x3 10 gr, br-mi VN PR RF
BHUA-21 38.63 38.64 hJ x2 25 PR
BHUA-21 38.78 38.85 hJ 25 bl, or-mi PR RF
BHUA-21 39.00 39.26 hJ 10 br-mi PR
BHUA-21 39.00 39.60 hJ x2 20 br-mi PR
BHUA-21 39.10 J 5 bl, or-mi SN PR RF
BHUA-21 39.32 hJ 65 br-mi ST
BHUA-21 39.36 39.43 J x2 10 20 bl, or-mi CN PR RF
BHUA-21 39.62 J 10 bl, or-mi SN UN RF
BHUA-21 39.77 J 5 br, or-mi SN PR RF
BHUA-21 39.91 J 40 br, or-mi VN IR VR
BHUA-21 40.08 J 5 br, gr-mi SN ST RF

Tranche-2_Defect-Table_BHUA-21_RevA.xlsx | Page 2 of 2

Prel
im

ina
ry

 
(c)

 Q
ue

en
sla

nd
 H

yd
ro

 P
ty 

Ltd
 20

25
, C

C 
BY

 4.
0. 

Pl
ea

se
 no

te 
co

py
rig

ht 
an

d l
im

ita
tio

n o
f li

ab
ilit

y n
oti

ce
s o

n a
tta

ch
ed

 co
ve

r p
ag

e.
 



 PointID : BHUA-21 Depth Range: 9.00 - 13.00 m
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 PointID : BHUA-21 Depth Range: 33.00 - 37.00 m
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BHUA-21 Structural Logs 
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LOGGED BY:

PROJECT:

BH AZIMUTH:

GEOPHYSICAL RECORD OF BOREHOLE:

BH PLUNGE:

LOGGED DATE:

FILE:

BH DIAMETER:

COORD SYSTEM:

BH DEPTH:

NORTHING:

JOB #

DATE:

EASTING:

LOGGED DEPTH:

ELEVATION: REVIEWED BY:

CASING DEPTH:

CLIENT:

CASING TYPE:

LOCATION:

DRAWN BY:

Crushed Seam Fracture Zone Joint Shear Zone Vein Healed Joint

BOREHOLE DEVIATION

NOTESBOREHOLE DETAILS

INTERPRETED STRUCTURES

DOCUMENT DETAILS

LOGGING DATUM:

MGA2020-55

-89° TN

40 m

Pioneer-Burdekin PHES

7667931 m N

HWT Steel

Upper Reservoir A

905.96 m

WSP Australia Pty Limited
Level 12, 900 Ann Street
Fortitude Valley
QLD 4006
Australia

HQ (96 mm)

BHUA-21_Struct_RevB

Ground Level

40 m

BHUA-21

18/11/2024

JH

Image logs are oriented relative to borehole magnetic
north. Final structure log is oriented relative to true north
using magnetic declination of 8.2° East.

Mechanical calliper log used for structure dip corrections.

All logs zerored to ground level. Cased section assumed
straight for deviation calculations.
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