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Situation Statement
In the 2019-20 drought, Uralla Shire experienced the driest period since rainfall records commenced
in the late 1800s, putting pressure on water supplies - both in terms of security of supply and quality
of drinking water. Elevated arsenic levels led to a “Do Not Drink Alert” in December 2019 which
continued for four months. Emergency Level 5 water restrictions were put in place in early January
2020, when dam capacity fell to 29% (Figure 1Figure 2), with an estimated 164 days to empty. Good
rain fell in mid-February 2020, replenishing the dam to full capacity.

Figure 1. Kentucky Creek Dam wall at approximately 30% capacity.

Overall, future climate for the New England is predicted to be warmer with less winter and more
autumn rainfall which will be highly variable (AdaptNSW, 2014). However, in 2019, these hotter
temperatures, higher evapotranspiration rates, and more variable rainfall unexpectedly impacted
water supplies in numerous NSW regional towns well before it was predicted. The Uralla Shire
Secure Yield Assessment, undertaken in 2015 (Uralla Shire Council, 2019), indicated that demand
should not exceed Kentucky Creek Dam supply in a dry year until 2044. In the light of the 2019
drought and elevated temperatures this actuality came to pass 25 years sooner than predicted.
In this context, it is crucial that the Uralla community build consensus on how to transition to a more
secure water supply, given changing climate means they will face this challenge again. A community
consultation, led by Z-NET Uralla and called “Let’s Talk About Water”, was funded by NSW
Government Increasing Resilience to Climate Change community grant and was rolled out during
2020-2021 in partnership with social science and water engineering expertise from Global Water
Institute at the University of New South. The scope of “Let’s Talk About Water” was not to undertake
a technical assessment of possible options for water security, but to explore community values and
opinions.
Nine possible options were identified during a workshop with Uralla Shire Councillors and staff.
Residents from a range of sectors in the community (business, community, general public, youth,
young families) were asked to express their opinions and values on these water options through a
survey, stakeholder interviews and focus groups.

Role of Geo-spatial Catchment Studies
Up until the recent drought Uralla had not experienced any significant disruption to water supplies
(even during the Millennium drought) since the Kentucky Creek Dam wall was raised in the mid1980s, at the instigation of then Shire President and elected Councillors (Eady and Khan, 2020)

Hence, the options for future water security that involved cleaning silt from the dam and increasing
dam capacity, through a further raising of the dam wall or construction of a second dam, generated
a lot of interest and raised many questions around the feasibility of these approaches.
Given the need for geo-spatial information to respond to questions about the dam and its
catchment, Z-NET partnered with the School of Civil and Environmental Engineering at the UNSW on
a separate Honours Student Project. To allow informed consideration of landscape-based water
security options to proceed, knowledge was required to cover the following questions:
➢ What is the water yield from the current catchment, and what potential is there to store
more water?
➢ How much extra land would be inundated with an increase in the dam wall and how would
this change the ratio of volume to surface area (an indicator of evaporative loss)?
➢ What would be the potential water storage capacity of a new dam built further
downstream?
➢ How much sediment is washing into the dam each year and building up as silt, and
consequently what impact might desilting have?
The development of the following resources provided some the key information required to answer
the above questions.
✓ Detailed mapping of the Kentucky Creek Dam watershed defining channels present in the
watershed.
✓ Mapping of areas of inundation with various rises in height of the existing dam wall.
✓ An estimation of additional volume of water stored and total reservoir surface area with
rises in height of the existing dam wall.
✓ Mapping of areas of inundation with the construction of a second dam downstream of the
current dam.
✓ An estimation of additional volume of water stored and total reservoir surface area of a
second dam downstream of current dam.
✓ An estimation of the water yield of the Kentucky Creek Catchment (utilising a SCS-CN
method) and likelihood of reliably filling additional storage capacity.
✓ An estimation of catchment sediment yield and the volume of silt deposited in the dam each
year (using a RUSLE model)
✓ An assessment of area of high sediment inflows that could be targeted for soil stabilisation
(using a Soil and Water Assessment Tool).

Outcomes
Catchment Mapping
The catchment for Kentucky Creek Dam is shown in Figure 2Figure 2. The dam is approximately 5
kms southwest of Uralla, located on the grazing property Wilhelmshohe. The catchment covers
12,965 ha largely comprised of Kentucky Creek Station to the south and several smaller holdings to
the east. The dam capacity is 500 ML with a dead space of 75 ML. At full capacity the surface area is
around 25.3 ha. The dam stores approximately 16 months of water supply for Uralla township with
an average of 275 ML of water processed each year through the water treatment plant located
adjacent to the dam wall.

Figure 2. Kentucky Creek Dam catchment

Land use in the catchment (Figure 3Figure 4) is primarily grazing native vegetation, grazing modified
pastures and with a smaller amount of cropping (NSW Department of Planning, Industry and
Environment, 2020).

Figure 3. Land use in the Kentucky Creek Dam catchment.

Figure 4. Perennial grasslands typical of the Kentucky Creek Dam catchment.

Catchment Water Yield
Annual rainfall was used to model catchment water yield using a simple empirical model - Water
Calculator (agriculture.vic.gov.au), using the factors for soil type and ground cover based on the soil
permeability of the hydrological soil groups and the two predominant land use categories present in
the catchment (Figure 3), north of the Great Dividing Range. While this simple approach will give
only an approximation of the water yield, it does provide a guide.

With average rainfall, the estimated water yield for the catchment is 5,210 ML/annum. The average
extraction from the dam is approximately 665 ML per annum, comprising 275ML per annum for
town use (Uralla Shire Council 2015) and 390ML per annum of evaporative loss from the dam
(Bureau of Meteorology 2016).
Under average rainfall there is ample catchment yield (7-8-fold the extraction volume) to cover
requirements.
This is consistent with personal observation of the property owners at Wilhelmshohe that the dam
regularly overflows in most years (Figure 5; Ted and Sonai Williams, pers comm.).
The model could not estimate catchment yield for 2019, as the lowest rainfall mean was outside of
the conditions where the empirical equation could be applied. An assumed yield for 2019 was
estimated based on the volume of rain falling directly on the dam surface (60ML), the dam level
when the drought broke (29% of 500ML) and the annual extraction rate (665ML).
While these figures are modelled estimates which have uncertainty, they give a strong indication as
to the capacity of the dam catchment to meet water needs, and this matches historic records on
dam levels since the wall was raised in the mid-1980s.
The 2019 drought has been the only year when emergency restrictions needed to be introduced as
dam levels dropped below 30%.
The estimated water yield for a range of rainfall percentiles is given in

Table 1. The rainfall percentile is the rainfall below which a given percentage of recorded annual
rainfall values fall. The rainfall in 2019 is the zero percentile as it is the lowest on record.
Results indicate that in 99% of years there will be enough rainfall to replenish supplies over the
year at least once, and in 94% of years there will be enough rainfall to replenish supplies twice,
assuming rainfall and water extraction remain steady into the future.

Table 1. Rainfall percentile, year of occurrence, annual rainfall, estimated catchment water yield,
annual water extraction and subsequent water balance.
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Figure 5. Kentucky Creek Dam spillway after heavy rain 17 February 2020.

Increasing Kentucky Creek Dam Capacity
It may be possible to increase the capacity of Kentucky Creek Dam by a further raising of the dam
wall however the structural engineering feasibility was not considered in this project. The projected
increase in capacity with varying height increases is given in Table 2.
An increase in dam wall height of 0.75 m would increase storage capacity by 50% and an increase
of 1.25 m in wall height would double water storage capacity.

The increased area of inundation with various height increase in the dam wall is given in Table 2. The
extent of the inundation is shown spatially in Figure 6 for increased dam wall height of 0.25, 0.5, 1.0
and 1.5 m. The ratio of surface area to volume of water stored decreases as the storage volume
increases indicating no loss in evaporative efficiency in storing additional water. From a practical
perspective an increase in dam height above 1.5m creates access issues for Wilhelmshohe
homestead, where the access road would need to relocate 200 m to the west.
The ratio of surface area to volume remains relatively constant as the storage capacity of the dam
increases, indicating no deterioration in storage efficiency due to evaporation losses.
It then becomes a case of deciding how much additional water storage is warranted to be “useful” in
years when rainfall fails to the extent it did in 2019. The tender for works issued by Uralla Shire
Council for Uralla Groundwater Project (Uralla Shire Council 2021) specified a water yield of 548 ML
per annum, twice the current annual water use. Presumedly this is to allow for both business and
residential growth over ensuing decades. To achieve a similar increase in dam storage capacity
would require the raising of the dam wall by at least 1.5m. However, detail sustainable yield
modelling may demonstrate that a more modest increase in dam wall height could deliver a similar
surety of water supply.
There is a high level of certainty that catchment flow has the capacity to yield 548 ML per annum
compared to extraction of this amount from ground water reserves.
Table 2. Increased dam storage capacity with incremental increase in height of existing dam wall and corresponding change
in water storage efficiency as indicated by ratio of surface area to volume.

Dam Wall
height increase
(m)
0
0.25
0.50
0.75
1.00
1.25
1.50

Dam capacity
(less dead
space; ML)
425
492
567
650
742
842
953

Increase in
capacity (ML)

Surface area
(ha)

0
67
142
225
317
417
528

25.3
28.2
31.7
34.9
38.4
41.9
46.1

Ratio of surface
area to volume
(m2:ML)
596
574
559
537
517
497
483

Figure 6. Dam surface area with incremental increase in existing dam wall height. Inserts showing impact on property
access road to Wilhelmshohe homestead (top left) and major area of expanded inundation (bottom right).

Building a Second Dam
Four possible sites were investigated for the location of a second dam downstream of the existing
dam wall. Site 1 (Figure 7) was found to have the most favourable terrain and is the location of a
historic weir. Figure 8 shows the extent of inundation for a dam wall of 1.5, 3 and 4.5 m height.
Additional storage capacity, inundation area and evaporative efficiency are given in Table 3.
A new dam downstream from Kentucky Creek Dam would add about a third to current dam
capacity with the construction of a 4.5 m wall. Building a higher wall would result in a water
storage body that would join up with the existing Kentucky Creek Dam. Access to Wilhelmshohe
homestead via Green Gully Road is cut.
Table 3. Water storage capacity with construction of a downstream dam with varying dam wall height.

Dam Wall
height (m)

Storage
capacity (ML)

Surface area
(ha)

1.5
3.0
4.5

5.7
47.0
145.1

13.1
43.2
89.5

Ratio of surface
are to volume
(m2:ML)
2279
920
617

Figure 7. Possible site for construction of second dam wall downstream of Kentucky Creek Dam.

Figure 8. Dam surface area with incremental increase in a new dam wall height

Influence of Silt in Effective Dam Storage Capacity
The existing dam has never had accumulated silt removed. In the absence of bathymetric survey
data, it is not possible to estimate how much silt is present and if the 75 ML dead space is an

adequate estimate of the lost volume from the initial design volume of 500 ML. The 2019 drought
exposed areas of silt normally not visible when the dam is full (Figure 9 and Figure 10).
However, sediment will continue to wash into the dam and accumulate as silt, reducing the effective
storage capacity over time. Based on RUSLE modelling (DPIE 2018), an estimate of the amount of
sediment deposited into the dam each year was 5,126 tonne, assuming a specific gravity of 2.7 this
is equivalent to 0.5% of current storage capacity.
Over the 80-year life of the dam, the estimated rate of sediment deposition would have reduced
storage capacity by approximately 30%.

Figure 9. Upstream section of Kentucky Creek Dam showing silt deposits exposed during 2019 drought

Figure 10. Silt banks and island exposed in Kentucky Creek Dam during 2019.

Regardless of any decision to increase dam storage capacity, catchment management to reduce
soil movement would provide both productivity benefits to the landholders and preserve
longevity of water supplies for Uralla.
Channels with high sediment inputs were identified (Figure 11) indicating priority sections of the
catchment for soil stabilisation. In other local dam catchments (e.g. Malpas Dam), planning has been
instigated to address water quality and dam catchment management. There may be opportunities
for proactive approaches to sediment control that benefit both water supplies and farm
productivity.

Figure 11. Sediment inflow rates into Kentucky Creek Dam.
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