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Conducting mineral extraction activities usually requires obtaining a set of permits for each of
the activities planned to be undertaken. This directly concerns water management and discharges
associated with any mineral extraction operations. In response to the growing demand for energy
resources worldwide, the industry demand for permits relating to the extraction of coal seam (and
shale) gas also increased dramatically. This was in turn accompanied by the growing community
concerns in regard to fracking and wastewater management practices.

To address these concerns, the state governments in Australia developed a strict framework
and guidelines for the permit application process and provided terms of reference for the
environmental impact assessments, where required. In accord with the guidelines, a liquefied
natural gas mining operator was conducting a research to assess several facets of water releases
from Reedy Creek Water Treatment Facility to Yuleba Creek in Queensland. The scope for the
research was developed in line with such guidelines and included estimating the downstream
extents of flows from several Water Treatment Facility discharge volumes over a period of
planned discharges. More specifically, the purpose of the study presented in this paper was to
assess flows in Yuleba Creek before and after the proposed releases of treated water from the
Reedy Creek Water Treatment Facility, and how the planned change to flow parameters would
satisfy the regulatory guidelines. The assessment was based on 41 years of data collected at the
Forestry Station gauge.

An analysis of the obtained results suggested that the historical maximum was 25,825 ML/d.
An analysis of the median flows suggested that the years 1983, 1999, and 2010-2012 had the
highest medians of around 15 ML/d, 10 ML/d, and from 9 ML/d to 12 ML/d respectively. The
median flow values would exceed from 0.09 ML/d to 0.69 ML/d flows during the months of
February and March only. The lowest 90th percentile flows were obtained for the months from
April through to October. The highest flow estimates would be in the months from November
through to March. An analysis of the flow duration curves suggested that the annually averaged
flow of 0.08 ML/d in the Yuleba Creek would be present for around 48% of the time. Flows
predictabilities were calculated; for the baseline flow records, the value of predictability was 0.50,
and the constancy/predictability ratio was 0.89. The rates of streamflow rise and fall were
estimated and analysed. The results suggested that the rate of streamflow rise varied within a range
from 0.0 up to 320.0 ML/d per day. The rates of streamflow fall was up to 15.0 ML/d per day.

Key words: coal seam gas extraction; water management; flow parameters; magnitude of
flows; variability of flows; flow predictability; rates of rise and fall for increased flows

1. INTRODUCTION ernments in Australia developed a strict framework
and guidelines for the permit application process
and provided terms of reference for the environ-
mental impact assessments, where required. In ac-
cord with the guidelines and specific for the project
terms of reference, a liquefied natural gas mining
operator was conducting a research to assess sev-
eral facets of water releases from Reedy Creek
Water Treatment Facility to Yuleba Creek
in Queensland. The scope for the research was
developed in line with [1] as required by the
Queensland government.

The scope included estimating the downstream

This is a worldwide practice to obtain permits
from relevant government levels and authorities for
conducting and managing mineral extraction ac-
tivities. This specifically concerns water manage-
ment and discharges associated with such activi-
ties. In recent years, the industry demand for per-
mits relating to the extraction of coal seam (and
shale) gas increased dramatically. The growing
demand for permits was accompanied by the ac-
cordingly growing community concerns in regard
to fracking and wastewater management practices.

To address the growing concerns, the state gov-
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extents of flows from several Water Treatment Fa-
cility discharge volumes over a period of planned
discharges. More specifically, the purpose of the
study presented in this paper was to assess flows in
Yuleba Creek before and after the proposed releases
of treated water from the Reedy Creek Water
Treatment Facility, and how the planned change to
flow parameters would satisfy the regulatory guide-
lines. The study focused on estimating the down-
stream extents of flows from several Water Treat-
ment Facility discharge volumes over a period of
six month.

2. USED DATA

The data considered in these analyses were ob-
tained from the gauge 422219A - Yuleba Creek at
Forestry Station (Latitude 26.8474 S, Longitude
49.4724 E, http://watermonitoring.derm.qld.gov.au).
These were the daily discharge records covering a
41-year period, from January 1973 through to De-
cember 2013.

Three different time series were considered in
the analyses:

e Forestry Station; the gauge records for the
Yuleba Creek catchment area from the upper
reaches down to the gauge location (sub-areas from
A through to E in Figure 1) were processed,

e Middle Station; the Forestry Station gauge re-
cords scaled (divided) by the factor of 1.9 to reflect
the decrease of the catchment (covered by sub-areas
from A through to D in Figure 1) by the mentioned
factor were processed to reflect flows at this site,

e Discharge Site; the Forestry Station gauge re-
cords scaled by the factor of 71.4 in accord to the
decreased catchment (sub-area A in Figure 1) were
processed to estimate flows at this site.

3. ASSESSED FLOW CHARACTERISTICS

To assess the natural creek flow regime, as well
as how the flow regime will change after 40 ML/d
discharge added to the flow, the following charac-
teristics were estimated:

e Magnitude of flows,

Variability of flows,

Duration of increased flow impacts,
Timing of increased flow impacts,

Flow predictability

Rates of rise and fall for increased flows.

The methodology applied to evaluate the above
characteristics was the natural flow regime analysis.
There were a number of publications on this topic
starting from the earliest editions of [2], which was
in part based on [3] as well as other published to

Sub-area C

Sub-area D

Sub-area E

Sub-area F

Figure 1 - Sub-areas of Yuleba Creek catchment; Discharge
Site is marked by circle between Sub-area A and Sub-area B,
Middle Station is marked by triangle between Sub-area D and
Sub-area E, Forestry Station is marked by triangle between Sub-
area E and Sub-area F

that date research. The Spells Analysis methodology
was then further developed and implemented in
Australia by e.g. [4] and [5]. It has been demon-
strated in a number of publications that the method-
ology may be used for creeks as well as entre river
basins [6-7].

4. OBTAINED RESULTS
4.1 Magnitudes

To analyse flow magnitudes and how they would
change with a 40 ML/d discharge coming from the
Reedy Creek WTF, maximum daily Yuleba Creek
discharges at the Forestry Station, Middle Station
and Discharge Site were plotted for years 1973-
2013 (Figure 2) and the same discharges plus
40 ML/d (Figure 3).

An analysis of the figures suggest that consider-
ing the historical maximum value of 25,825 ML/d
in the year of 1996 at the Forestry Station, the con-
tribution from the WTF of around 0.2% of the maxi-
mum would not be discernable. At the Middle
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Figure 2 - Maximum daily discharges estimated at three study
locations
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Figure 3 - Maximum daily discharges accounting for 40 ML/d
discharge from Reedy Creek WTF estimated at three study
locations

Station, the estimated historical maximum was
around 13,591 ML/d; the contribution from the
WTF would be around 0.3%. At the Discharge Site,
the estimated historical maximum was around
362 ML/d and the contribution from the WTF dis-
charge would be 11.1%.

To better evaluate flow magnitudes and their
variability, as well as estimate probable changes to
the flow regime due to a 40 ML/d discharge from
the Reedy Creek WTF, median Yuleba Creek dis-
charges were also plotted (Figure 4 and Figure 5).
An analysis of the medians at the Forestry Station
suggest that the years 1983, 1999, and 2010-2012
had the highest medians of around 15 ML/d,
10 ML/d, and from 9 ML/d to 12 ML/d respectively.
At the Middle Station and Discharge Site, the medi-
ans were lower, in accord with the catchment scal-
ing coefficients.

For 30 out of 41 years, the median discharges
evaluated from the historical records were 0 ML/d,
and for the rest they did not exceed 3 ML/d. When
there are 40 ML/d added on top of the historical
data, the historical medians all increase by this value
(Figure 5).
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Figure 4 - Median discharges estimated at three study locations
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Figure 5 - Median daily discharges accounting for 40 ML/d
discharge from Reedy Creek WTF estimated at three study
locations

4.2 Variability, duration and timing

To evaluate flow variability at different locations
along the Yuleba Creek extent, Sth, 50th, 75th, 90th
and 95th percentiles of the historical records of daily
flows were calculated for the Forestry Station, Mid-
dles Station and Discharge Site locations. The statis-
tics are presented in Table 1, Table 2 and Table 3
respectively.

An analysis of the tables suggests that the 5th
percentile was 0 each month at all three sites.

The median values (or the 50th percentile) would
exceed from 0.01 ML/d (at the Discharge Site, Ta-
ble 3) to 0.69 ML/d (at the Forestry Station, Ta-
ble 1) during the months of February and March
only.

The 75th flow percentiles would range from
1.02 ML/d (June, Table 1) to 32.25 ML/d (February,
Table 1) at the Forestry Station; from 0.53 ML/d to
16.97 ML/d at the Middle Station (Table 2); and
from 0.01 ML/d to 0.45 ML/d at the Discharge Site
(Table 3). The lowest 75th percentiles were obtained
for the months from April through to November (up
to 4.15 ML/d in September (Table 1) at the Forestry
Station, up to 2.18 ML/d at the Middle Station, and
up to 0.06 ML/d at the Discharge Site), while the
highest values would be for the months of Decem-
ber through to March (from 21.77 ML/d at the For-
estry Station; from 11.46 ML/d at the Middle
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Table 1 — Flow percentiles (ML/d) at Forestry Station

Table 3 — Flow percentiles (ML/d) at Discharge Site

N Month St.h 5 ch 7§th 9ch 95Ath No Month 5t‘h 5 ch 75.th 9ch 9§th

Yoile Yoile Yile Yile Yoile Yoile Yile Yile Yoile Yoile
1 Jan 0.00 0.00 25.81 | 247.74 | 702.26 0 Jan 0.00 0.00 0.36 3.47 9.83
2 Feb 0.00 0.69 3225 | 211.87 | 736.37 2 Feb 0.00 0.01 0.45 2.97 10.31
3 | Mar 0.00 0.09 21.77 | 94.64 | 432.65 3 Mar 0.00 0.00 0.30 1.33 6.06
4. Apr 0.00 0.00 1.64 26.78 | 126.90 4. Apr 0.00 0.00 0.02 0.38 1.78
5 | May 0.00 0.00 2.46 2276 | 76.31 5. May 0.00 0.00 0.03 0.32 1.07
6. Jun 0.00 0.00 1.02 17.88 | 55.58 6. Jun 0.00 0.00 0.01 0.25 0.78
7 Jul 0.00 0.00 1.27 20.70 | 50.29 7 Jul 0.00 0.00 0.02 0.29 0.70
3 Aug | 0.00 0.00 1.73 20.71 | 57.37 3 Aug 0.00 0.00 0.02 0.29 0.80
9. Sep 0.00 0.00 4.15 30.84 65.38 9. Sep 0.00 0.00 0.06 0.43 0.92
10. | Oct 0.00 0.00 1.30 11.51 | 42.34 10. Oct 0.00 0.00 0.02 0.16 0.59
11. | Nov 0.00 0.00 3.24 61.00 | 293.59 11. | Nov 0.00 0.00 0.05 0.85 4.11
12, | Dec 0.00 0.00 26.81 | 176.41 |1012.26 1. Dec 0.00 0.00 0.38 247 14.18

Table 2 — Flow percentiles (ML/d) at Middle Station

No Month 5t.h Sch 75‘th 9ch 95‘th
Yile | %ile Yoile Yoile Yoile
1 Jan | 0.00 | 0.00 | 13.59 | 130.36 | 369.60
2. Feb 0.00 0.36 16.97 | 111.54 | 387.56
3 Mar | 0.00 | 0.05 | 11.46 | 49.81 | 227.69
4 Apr | 0.00 | 0.00 0.86 | 14.10 | 66.79
5 May | 0.00 | 0.00 1.30 | 11.98 | 40.16
6. Jun | 0.00 | 0.00 0.53 9.41 29.25
7. Jul 0.00 0.00 0.67 1090 | 26.47
g Aug | 0.00 | 0.00 091 | 1090 | 30.19
9. Sep | 0.00 | 0.00 2.18 | 1623 | 3441
10. Oct | 0.00 | 0.00 0.68 6.06 | 22.28
11. Nov 0.00 0.00 1.71 32.10 | 154.56
12. Dec 0.00 0.00 14.11 | 92.83 | 532.77

Station; and from 0.30 ML/d at the Discharge Site).
Boxplots in Figure 6 for the flows recorded at the
Forestry Station further illustrate the described
monthly variability.

The 90th percentiles from

would range

11.51 ML/d (October, Table 1) to 247.74 ML/d
(January, Table 1) at the Forestry Station; from
6.06 ML/d to 130.36 ML/d at the Middle Station (
Table 2); and from 0.16 ML/d to 3.47 ML/d at the
Discharge Site (Table 3). The lowest 90th percentile
values were obtained for the months from April
through to October (up to 30.84 ML/d (September,
Table 1) at the Forestry Station, up to 16.23 ML/d at
the Middle Station, and up to 0.43 ML/d at the Dis-
charge Site). The values higher than 61.00 ML/d,
32.00 ML/d, and 0.85 ML/d would be in the months
from November through to March at the Forestry
Station, Middle Station, and Discharge Site respec-
tively.
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Figure 6 - Boxplot representation of 25th, 50th and 75th per-
centiles for flows at Forestry Station

The 95th percentile estimates ranged from
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42.34 ML/d (October, Table 1) to 1012.26 ML/d
(December, Table 1) at the Forestry Station; from
22.28 ML/d to 532.77 ML/d at the Middle Station
(Table 2); and from 0.59 ML/d to 14.18 ML/d at the
Discharge Site (Table 3). The lowest 95th percen-
tiles were obtained for the months from May
through to October (up to 76.31 ML/d (May, Ta-
ble 1) at the Forestry Station, up to 40.16 ML/d
at the Middle Station, and up to 1.07 ML/d at the
Discharge Site). The values higher than
126.90 ML/d (April, Table 1), 66.79 ML/d, and
1.78 ML/d would be in the months from November
through to April at the Forestry Station, Middle
Station, and Discharge Site respectively.

After 40 ML/d from the Reedy Creek WTF was
added to the Yuleba Creek flows, the 5th, 50th,
75th, 90th and 95th percentiles were recalculated;
the results are presented in Table 4, Table 5, and
Table 6.

An analysis of the tables suggests that the most
affected would be the 5th and the 50th percentile
values, which would all stagger between 40.00 and
40.69 ML/d at all three of the considered sites.
A comparison of Table 3 and Table 6 suggests that
the WTF discharge would constitute the larger part
of all flows at the Discharge Site.

The 75th percentile flows would increase by the
factor from 2.2 (see data for February in Table 1 and
Table 4) to 40.2 (see data for June in Table 1 and

Table 4 — Flow with added 40 ML/d discharge from Reedy
Creek WTF percentiles (ML/d) at Forestry Station

Ne Month SFh Sch 75'th 9ch 95'th
Yoile Yile Yoile Yoile Yoile
Jan 40.00 | 40.00 | 65.82 | 287.75 | 742.27
2 Feb 40.00 | 40.69 | 72.25 | 251.87 | 776.37
3. Mar 40.00 40.09 61.78 | 134.65 | 472.66
4 Apr 40.00 | 40.00 | 41.64 | 66.79 | 166.90
5. May 40.00 | 40.00 | 42.47 | 62.76 | 116.31
6. Jun 40.00 | 40.00 | 41.02 | 57.89 | 95.58
7. Jul 40.00 40.00 | 41.28 60.70 90.29
8. Aug 40.00 40.00 | 41.73 60.71 97.37
9. Sep 40.00 | 40.00 | 44.15 | 70.85 | 105.39
10. Oct 40.00 | 40.00 | 41.30 | S1.51 | 82.34
1. Nov 40.00 | 40.00 | 43.24 | 101.00 | 333.59
12. Dec 40.00 40.00 66.81 | 216.41 | 1052.14

Table 5 — Flow with added 40 ML/d discharge from Reedy
Creek WTF percentiles (ML/d) at Middle Station

Ne  [Month| 5th 50th 75th 90th 95th
Yoile Yoile Yoile Yoile Yoile
1. Jan |40.00| 40.00 | 53.59 | 170.36 | 409.60
2. Feb |40.00| 4037 | 56.98 | 151.55 | 427.57
3. Mar | 40.00| 40.05 | 51.46 | 89.79 | 267.69
4. Apr |40.00| 40.00 | 40.87 | 54.10 | 106.81
5. May | 40.00| 40.00 | 41.30 | 51.98 | 80.16
6. Jun [40.00 | 40.00 | 40.54 | 49.41 69.26
7. Jul |40.00| 40.00 | 40.67 | 50.90 | 66.47
8. Aug | 40.00| 40.00 | 4091 | 50.90 | 70.20
9. Sep |40.00| 40.00 | 42.19 | 56.24 | 7441
10. Oct |40.00| 40.00 | 40.69 | 46.06 | 62.28
11. | Nov [40.00 | 40.00 | 41.71 | 72.11 | 194.56
12. Dec [40.00 | 40.00 | 54.11 | 132.83 | 572.77

Table 6 — Flow with added 40 ML/d discharge from Reedy
Creek WTF percentiles (ML/d) at Discharge Site

Ne Month 5t.h Sch 75.th 9ch 95.th

Yile Yile | %ile Y%ile | %ile
1 Jan 40.00 |40.00 | 40.37 | 43.47 | 49.84
5 Feb 40.00 [40.01| 40.46 | 42.97 | 50.31
3 Mar | 40.00 |[40.00| 40.31 | 41.33 | 46.07
4. Apr 40.00 |40.00 | 40.03 | 40.37 | 41.78
5 May | 40.00 |40.00| 40.04 | 40.32 | 41.07
6. Jun 40.00 |40.00 | 40.02 | 40.25 | 40.78
7 Jul 40.00 [40.00| 40.02 | 40.29 | 40.71
3. Aug 40.00 [40.00| 40.03 | 40.29 | 40.81
9. Sep 40.00 |40.00 | 40.06 | 40.44 | 40.92
10. Oct 40.00 |40.00 | 40.02 | 40.17 | 40.60
1. Nov 40.00 [40.00| 40.05 | 40.86 | 44.11
2. Dec 40.00 [40.00| 40.38 | 42.47 | 54.18

Table 4) at the Forestry Station; by the factor from
3.4 to 94.3 at the Middle Station (see Table 2 and
Table 5 for June and February respectively); and by
the factor from 89.9 to 4002.0 at the Discharge Site
(see Table 3 and Table 6 for the same months as
mentioned above). Boxplots in Figure 7 illustrate
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the described monthly variability for the Forestry
Station flows.
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Figure 7 - Boxplot representation of 25th, 50th and 75th per-
centiles for flows at Forestry Station with added 40 ML/d
Reedy Creek WTF discharge

The 90th percentile flows would increase by the
factor from 1.2 (see data for January in Table 1 and
Table 4) to 4.5 (see data for October in Table 1 and
Table 4) at the Forestry Station; by the factor from
1.3 to 7.6 at the Middle Station (see January and
October respectively in Table 2 and Table 5); and by
the factor from 12.5 to 215.1 at the Discharge Site
(see Table 3 and Table 6 for the same months as
above).

The 95th percentile flows would increase by the
factor from 1.04 (see data for December in Table 1
and Table 4) to 1.9 (see data for October in Table 1
and Table 4) at the Forestry Station; by the factor
from 1.1 to 2.8 at the Middle Station (see December
and October in Table 2 and Table 5); and by the
factor from 3.8 to 68.8 at the Discharge Site (see
Table 3 and Table 6 for the same months as above).

Flow exceedance probabilities for the historical
and scaled discharges at the three study locations are
presented in Figure 8 and Figure 9. An analysis of
the figures suggests that, based on the historical
data, the annually averaged flow of 0.08 ML/d (col-
oured solid lines in the figures) in the Yuleba Creek
would be present for around 48% of the time at the
Forestry Station gauge, for around 45% of the time
at the Middle Station location, and around 32% of
the time at the Discharge Site location.

For the months of December, January and Febru-
ary, which were identified as the wettest, the
exceedance probabilities of 0.08 ML/d flows would
respectively be around 52%, around 56% and
around 62% at both the Forestry and the Middle
Stations, and around 44% at the Discharge Site (see
Figure 8).

For the months of May, June and July, which
were identified as the driest, the exceedance prob-

abilities of 0.08 ML/d flows would respectively be
around 36%, around 40% and around 42% at both
the Forestry and the Middle Stations, and around
28%, around 26% and around 32% at the Discharge
Site (see Figure 9). The figure indicates that com-
pared to the annual there will be a significant drop
in exceedance probabilities for dry season flows of
1.00 ML/d, which will be in the range from 7% to
10% at the Discharge Site.

Exceedance probabilities accounting for the
planned 40 ML/d discharge from the Reedy Creek
WTF in Figure 10 and Figure 11 suggest that the
seasonal variability at all three of the study sites will
essentially be smoothed and levelled at the WTF
discharge capacity.

4.3 Predictability

Flow predictability has two separable compo-
nents, which are constancy and contingency. When
used in the flow analysis, the components are de-
fined as follows. Constancy is a measure of the de-
gree the flows are constant. Contingency is a meas-
ure of the degree the annual pattern of repeating.

Predictability may range from O to 1. A pattern
of flow is designated minimally predictable (pre-
dictability equal 0) if all states of flow are equally
likely for all times, thus it cannot be predicted. The
pattern is maximally predictable (predictability
equal 1) if the flow stays the same for a time period
in all years under consideration.

Flows predictabilities were calculated for the his-
torical gauge records and for the modified with the
planned Reedy Creek WTF discharge flows.

The parameter of predictability is estimated
based on the flow magnitude comparisons. There-
fore, scaling of the Forestry Station gauge records
would not affect the estimates of this parameter for
the Middle Station and Discharge Site locations, and
only Forestry Station results are presented here. For
the historical records, the value of predictability was
0.50, and the constancy/predictability ratio was
0.89.

For the modified flows, the values of predictabil-
ity change from location to location because the
relative input of the constant discharge into the total
flow at a specific location was different. At the
Forestry Station, predictability was 0.62, and the
constancy/predictability ratio was 0.94; at the Mid-
dle Station, predictability was 0.74, and the con-
stancy/predictability ratio was 0.95; at the Discharge
Site, predictability was 0.85, and the con-
stancy/predictability ratio was 0.98.
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Figure 8 - Exceedance probabilities estimated at three study locations for wettest months of December (left panel), January (middle
panel) and February (right panel)
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Figure 9 - Exceedance probabilities estimated at three study locations for driest months of May (left panel), June (middle panel) and
July (right panel)
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Figure 10 - Exceedance probabilities accounting for 40 ML/d discharge from Reedy Creek WTP estimated at three study locations
for wettest months of December (left panel), January (middle panel) and February (right panel)

Ukr. gidrometeorol. z., 2019, Issue 24
78



Long-term natural flow regime (spells) analysis for water treatment discharges

100,000

T
Faorestry Station (May)
Middle Station (May)
Discharge Site (May)

= Forestry Station (Annual) 4 !
=== Niddle Station {Annual)
=== Discharge Site (Annual)

10,000

Forestry Station (June) Forestry Station (July)
Middle Station (June) Middle Station (July)
Discharge Site (June) Discharge Site {July)
= Furestry Station (Annual} g = Forestry Station (Annual)
~— Middle Station {Annual) e lliddle Station (Annual)
= Discharge Site (Annual) —— Discharge Site (Annual)

1,000 5

L3
10043

Discharge (MLfday)

[N il b iR B W 3 0
40 60
Exceedance Probability (%)

20

40

Exceedance Probability (%) 0

80 &0 100 ko S S ]

80

Exceedance Probability (%)

Figure 11 - Exceedance probabilities accounting for 40 ML/d discharge from Reedy Creek WTP estimated at three study locations
for driest months of May (left panel), June (middle panel) and July (right panel)

4.4 Rates of rise and fall

The rates of streamflow rise were estimated as
the median of all positive differences between con-
secutive daily flow values. Similarly, the rates of
fall were estimated as the median of all negative
differences between consecutive daily values.
Therefore, the magnitudes of these parameters esti-
mated for the historical records and for the data
accounting for the 40 ML/d Reedy Creek WTF dis-
charge were exactly the same.

The obtained estimates for rates of rise and fall
are presented in Figure 12 and Figure 13 respec-
tively.
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Figure 12 - Rates of rise (entire range in top panel and zoomed
view in bottom panel) estimated at three study locations
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Figure 13 - Rates of fall (zoomed view in top panel and entire
range in bottom panel) estimated at three study locations

An analysis of the figures suggests that the rate
of streamflow rise varied within a range from 0.0 up
to 320.0 ML/d per day at the Forestry Station, up to
160.0 ML/d per day at the Middle Station, and up to
5.0 ML/d per day at the Discharge Site.

The rate of streamflow fall had a significantly
smaller ranges: up to 15.0 ML/d per day at the For-
estry Station, up to 7.5 ML/d per day at the Middle

Vrpaincokuil ciopomemeoponoeiunuii scypnan, 2019, Ne 24

79



O. Makarynskyy, D. Makarynska

Station, and up to 0.2 ML/d per day at the Discharge
Site.

To complement the above data, a number of high
flow pulses per year over the period of the historical
records is presented in Figure 14. For all the stations
these data were obviously the same.

The figure suggests that there may be up to 4-5
high flow pulses within an average year. Over the
analysed period however there were 5 years with 8
and higher number of pulses.

12!\\!!!\!!!!!\!!!1\!!

[ Forestry Station
-1 [ Middle Station
I Discharge Site

Number of High Flow Pulses
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Years

Figure 14 - Number of high flow pulses estimated at three
study locations

5. CONCLUDING REMARKS

The historical maximum flow was 25,825 ML/d.

Years 1983, 1999, and 2010-2012 had the high-
est median flows of around 15 ML/d, 10 ML/d, and
from 9 ML/d to 12 ML/d respectively. It was indi-
cated that the median flow values would only ex-
ceed from 0.09 ML/d to 0.69 ML/d during the
months of February and March.

The lowest 90th percentile flows were obtained
for the months from April through to October. The
highest flow estimates would be in the months from
November through to March.

An analysis of the flow duration curves sug-
gested that the annually averaged flow of 0.08 ML/d
in the Yuleba Creek would be present for around
48% of the time.

For the baseline flow records, the value of pre-
dictability was 0.50, and the constancy / predictabil-
ity ratio was 0.89.

The rates of streamflow rise and fall were esti-
mated and analysed. The results suggested that the
rate of streamflow rise varied within a range from
0.0 up to 320.0 ML/d per day. The rates of stream-
flow fall was up to 15.0 ML/d per day.

A number of high flow pulses per year over the
period of the historical records was on average from
4 to 5, with the maximum value of 11.
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Jist poBenieHHsT 3aXOAiB 3 BHIOOYTKY KOPMCHMX KONAIMH 3a3BHYail MOTPIOHO OTpUMATH

Ha0ip JO03BOJIIB HAa KOXCH 13 3alUIaHOBAaHWX 3aXOMdiB, sKi OyIyTh 3MifiCHIOBAaTHCS.
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Long-term natural flow regime (spells) analysis for water treatment discharges

0e3mocepeIHbO CTOCYEThCS YIPABIIHHS BOIHUME PECYypcaMH Ta CKHIAMH, MOB'SI3aHUMU 3 Oy[Ib-
SAKAMH OTIepaIlisiMA 3 BHAOOYTKY KOPHCHHX KONMAIWH. Y BIiANIOBiAb HA 3pOCTAl0YM MOMUT Ha
€HEepropecypcH B yChbOMY CBITi, pPi3KO 30iJBIIMBCS MOMHUT y Traily3i Ha OTPUMaHHS IO3BOJIB Ha
BUJIOOYTOK Ta3y 3 BYTiIbHUX IUIACTIB Ta CJIAHIEBOro rasy. lle, B cBOO Uepry, CympOBOIKYETHCS
3aHETOKOEHICTIO TPOMaICHKOCTI OO0 NPAKTHKKA TiJPaBIIYHOTO PO3PHBY IUIACTIB IMOPiA Ta
OYHIICHHS BUKOPHUCTAHOI/BIAIPaI[bOBAHOI BOJIH.

JIyis BUpIIICHHS [TUX MPOOJIEM Jep>KaBHUMH opraHamu ABCTpasiii po3po0JieH] YiTKi HOpMH Ta
KEpiBHI NPUHINIHN LI0/0 MPOIECy MMOJJaHHS 3asBOK Ha OTPUMAaHHS JJO3BOJY 1 HaJIaHHS TEXHIYHOTO
3aBJaHHsS JUIS OLIIHKM BIUIMBY Ha HaBKOJIMIIHE CEpEelOBHILIE, jA€ Ie MOTpiOHO. BiamosigHo mo
HacTaHOB, OHepaTrop 3 BHUAOOYTKY CKpAaIIEeHOTO IPHPOAHOIO Ta3y NPOBOIUB JOCIIJDKEHHS
3 METOIO OIIHKH KiJIbKOX aCIeKTiB CKHUIy BoIH y piuky KOnba 3 ouncanx cropyn Pini Kpik, mrat
Kgincnenn. JlocmipkeHHS BHKOHYBAIMCH BiJIOBITHO 10 HACTAaHOB 1 BKIIOYAIH OIIHKY
HalMEHIIOTO CTOKY 3 HEKUTbKOX MOXKIMBHX 00’€MiB CKHAy BOIM 3 BOJOOYHCHHX CHOPYZ
MPOTATOM 3aIJIaHOBAHOTO IS CKUAIB Iepiogy. MeTa MOCIHiKeHHs, OMHMCAHOro y il poOoTi,
MoJIsiraia B TOMY, 100 OLiHUTH CTiK piuku FOnba 1o Ta micins HMOBIPHUX CKUIIB OYHUIEHOI BOAH
3 BomoouncHOi crmopyau Pimi  Kpik Ta Te, sk 3alulaHOBaHA 3MiHA MapaMETPIB CTOKY Oyie
BIAMOBIIaTH HOPMAaTUBHMUM HacTaHoBaM. OILliHKa IpyHTyBayacst Ha AaHuX 3a 41 pik, 3i0paHuXx Ha
BOJIOBUMIpIOBaJIbHIN cTaHLii dopectpi.

AHayi3 OTpUMaHMUX PE3yJIbTATIB CBIAYMTS, IO ICTOPUYHUA MaKCUMyM CTaHOBHB 25825 Mun/n.
AHaJi3 MeIiaHHOTO CTOKY IMoka3aB, mo y 1983, 1999 ta 2010-2012 pokax HaWBHIII MemiaHU
cTaHoBWIIM mpuOIm3Ho 15 Mi/n, 10 Mn/n Ta Bing 9 Mi/m mo 12 Mn/n, BiamoBimHo. MenianHi
3HAa4YeHHs CTOKy mnepesuiryBanu Big 0,09 Mi/n  mo 0,69 Mu/n nume y nrotoMy Ta OepesHi.
Hwxuauit crik 90-ro  mpoueHTHnas OyB OTpUMaHHWA y MicsIi 3 KBITHS IO JKOBTeHb. HaiBuiii
OIIHKM 3HAa4YeHb CTOKY OyiHM OTpHMaHi B Iepiox 3 JHUCTOmama A0 OepesHs. AHami3 KpUBUX
TPUBAJIOCTI CTOKY MOKazaB, 10 cepenHbopiuni Butpatu 0,08 Miu/n Oyie mpuUCYTHIH HpOTAroM
npubmmnzHo 48% uacy. Po3paxoByBanack MpOrHO30BaHICTh CTOKY. J1d 3ammciB BUTpaT 0a30BOro
TTOTOKY 3HAYCHHA nependavyBaHOCTI CTaHOBHIIO 0,50, a CHiBBiIHOIICHHS
cTajicTh/mepenoayyBanicTh cTanoBmiio 0,89. Takox OIiHIOBAJIACh Ta aHANI3yBalach MIBUAKICTH
3pOCTaHHS Ta 3HIDKEHHS CTOKY. Pe3ynbTaTu mokasaiu, 110 NPHCKOPEHHS 3POCTaHHS IOTOKY
3MiHIOBasiocst B Mexax Big 0,0 mo 320,0 Mn/n 3a noOy. IlpuckopeHHST 3MEHIIEHHS TOTOKY
cTaHoBWIIO 10 15,0 Mn/n 3a 100y.

Karouogi ciioBa: BuoOyTOK BYTJIBHOTO Ta3y; yNPaBIiHHSA BOAHUMH PECypcaMy; IapaMeTpH
CTOKY; BEIMYMHA CTOKY; MIHJIUBICTh CTOKY; epeabadyBaHiCTh CTOKY; IPHUCKOPEHHS 3pOCTaHHS Ta
3MEHIIICHHS 301JIBIIEHOTO CTOKY.

JOJITOCPOYHBIN AHAJIM3 (SPELLS ANALYSIS) PEXKUMA
INPUPOJHOI'O CTOKA JIsA CBPOCOB OYHMIEHHBIX BOJ

Ouner MakapuHCKHid,
Jduna MakapuHckas

Metocean Dynamic Solutions,
9 Seale Street, Fannie Bay, 0820 NT, Australia, makarynskyy@outlook.com

JloOblua MOJIe3HBIX HMCKOMAaeMbIX OOBIYHO TpeOyeT IMoJiydeHus: Habopa paspelieHuid st
KaXJIOW M3 3aIIaHUPOBAHHBIX pabOT. DTO HENOCPEACTBEHHO KACAETCsl YIPABICHUS BOIHBIMH
pecypcaMu u cOpocamu, CBS3aHHBIMH C JIFOOBIMH  OIEpPAlUsIMH 110 JIOOBIUE ITOJIC3HBIX
WCKoMmaeMblX. B oOTBeT Ha pacTymuili cOopoc Ha BHEpPropecypcsl BO BCEM MHUPE, CIPOC
B TIPOMBIIIICHHOCTH Ha pPa3pelleHus], CBS3aHHBIE C J0O0bIYEeH NPUPOTHOTO ra3a W3 YroJbHBIX
IUTaCTOB M CJAHIIEBOTO Tras3a, TaKKe PEe3K0 BO3pOoC. JTO, B CBOIO OYEpEb, CONPOBOXKIAETCS
pactymieli 00eCHOKOEHHOCTBIO OOIIECTBEHHOCTH OTHOCHTEIBHO IPAKTHKH I'UIPABIMYECKOTO
pa3phiBa MIACTOB MOPOJIbI K OYMCTKHU UCIIOJIL30BAHHON/OTPAOOTAHHOM BOIBI.

Just pemieHust 3THX NPOOJEM OpraHaMH TOCYAapCTBEHHOTO YIpaBlieHHs B ABCTpaliuu
pa3paboTaHbl CTPOTHE HOPMBI M PYKOBOJSIUE MPHHIMIBI U TMpoIecca MOAa4d 3asiBOK U
MPE/IOCTABICHNS] TEXHUYECKOTO 3a/IaHMs JJIsl OLIEHKU BO3JCHUCTBHS HAa OKPYXKAMOILIYIO Cpely, TIe
9TO HeoOXoAuMo. B COOTBETCTBUHM C PYKOBOISIIMMHU IPUHIHUIIAMH, OIEPATOP IO J00bIYE
CKM)KEHHOTO TIPUPOJHOTO Ta3a IMPOBOJMI HCCIEAOBAHUE JUIS OLCHKH HECKOJIbKUX aCIeKTOB
copoca Bogbl B peky lOnba u3 BomooumctHoro coopyxenus Puam Kpuk, mrar KeuHciena.
I/ICCHeZlOBaHI/Iﬂ MPOU3BOAUTIMNCE B COOTBCTCTBHUU C PYKOBOAAUMIMMU MPUHOUIIAMU W BKIIHOYAJIN
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OLICHKY HaMMEHBILIETO CTOKAa IPH HECKOJIBKMX BO3MOXHBIX 00BEMax cOpPOCOB C BOJOOYHCTHBIX
COOPYXEHHUH B TEUCHHUE IITAHUPYEMOro nepuoga copocos. Llens ncciaenoBanus, NpeacTaBIEHHOTO
B 3TOH CTaThe, COCTOSAIA B TOM, YTOOBI OLEHUTH CTOK peku IOnba 10 m mocie mpearnogaraeMbix
cOpPOCOB OYMIIEHHON BOZBI C BOJOOYUCTHOrO coopyxeHus Puam Kpuk, a Takke TO, Kak
IUIAHUPYeMOE W3MEHEHHE IapaMeTpoB CTOKa OyAeT COOTBETCTBOBATH  HOPMAaTHUBHBIM
pykoBosuM npuHinaM. OleHka Obllla OCHOBaHa Ha JaHHBIX 3a 41 1ol ¢ BOAOMEPHON CTaHIIMU
®dopectpu.

AHani3 TONYyYCHHBIX pE3yJbTaTOB IOKa3al, YTO HMCTOPUYECKMH MaKCUMyM COCTaBIISLI
25825 Mi/cyt. AHanmu3 MeIUaHHBIX 3HAYEHWH CTOKa mokasai, uro B 1983, 1999 u 2010-2012
rojlax caMble BHICOKHE MEINaHbl COCTaBISLIN oKojo 15 Mu/cyt, 10 Mur/cyT u ot 9 no 12 Mu/cyr,
COOTBETCTBCHHO. MenmaHHbIe 3HadeHUS cToka mpeseimmanu ot 0,09 Miu/cyt go 0,69 Mu/cyt
TONMBKO B (QeBpane u mapre. Camblii Maiblii cToKk 90-ro MPONEHTWIS OBLI IONYyYeH B MECSIIBI
c ampens 1o OKTS0pb. CamMble BBICOKHE OLIEHKM 3HAUYEHHMH CTOKAa OBUIM MOJy4YeHBI B IMEPHOA
C HOSIOpsl 10 MapTa. AHaIM3 KPUBBIX IMPOJODKUTENBHOCTH CTOKA MOKAa3all, YTO CPEAHETOJOBOH
pacxon 0,08 Mn/cyt Oynmer npHCyTCTBOBaTh B TeueHHe mnpumepHo 48% BpemeHu. breina
paccunTaHa IpeAcKazyeMocTh cToka. Jlis 3ammceil pacxonma 0a30BOro IOTOKAa 3HA4YCHHUE
npejckazyemoctu cocraBuio 0,50, a OTHOILIEHHE TMOCTOSIHCTBA / MPEJCKa3yeMOCTH COCTaBHUIIO
0,89. CxopocTh BO3pacTaHMsi U CHHKEHHsI CTOKA Takke Oblla OllEHEHa M IMPOaHAIN3UpPOBaHA.
PesynbraThl mOKa3any, 4YTO yCKOpPEHHE BO3pacTaHMsl MOTOKa Kojiebaioch B auarasone ot 0,0 1o
320,0 Mu/cyT 3a CyTKU. Y CKOpEHHE CHIDKEHHS MTOTOKA cocTaBisuia 1o 15,0 Mir/cyT 3a cyTku.

KaioueBsbie ciioBa: 100bva ra3a U3 yroJibHbIX IUIACTOB; YNPaBJIEHUE BOAHBIMH PECYpCaMH;
rapamMeTphl CTOKa; BEJIMYMHA CTOKA; W3MEHYMBOCTH CTOKA; MPEACKA3yEeMOCTh CTOKA; YCKOPEHHE
BO3PACTaHMS U CHIDKCHHUS YBEITMUCHHOTO CTOKA.
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