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2.1 The hydrologic cycle

Any discussion on stormwater related issues must begin with a discussion of the
hydrologic cycle. Understanding the hydrologic cycle concept is essential if there is to
be any understanding of cause and effect as it relates to stormwater management.
Figure 2-1 illustrates, in a very simplistic form, the essential elements of the
hydrologic cycle. The water cycle arrows make the point of continuous movement
and transformation. Of all aspects of the water cycle, its dynamic quality - the never
ending cycling from atmosphere to the land and then to surface and groundwater and
back again to the atmosphere, must be emphasized. That we drink the same water
today that the Maori drank hundreds of years ago is a graphic example of the
continuous cycling and recycling of water. The concept of continuous movement is
essential in order to understand the hydrologic cycle system.

Figure 2-1
The Hydrologic Cycle
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Source: Fundamentals of Urban Runoff Management.

When looking at those componentsof t he hydrol ogic cycle for th
Region, the following information contained in Table 2-1 can be approximated for

undeveloped and urbanised catchments. This information must be placed in the

context of being generally applicable for the Regionas Hawkebs Bay rainfall

locationally specific.

Table 2-1
Components of the Hydrologic Cycle

Post-development

Component

Pre-development

Annual rainfall

1000 mm

1000 mm

Total runoff

266 mm

580 mm

Deep infiltration

50 mm

8 mm

Shallow infiltration

250 mm

80 mm

Evaporation/transpiration

430
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It is important to appreciate that the system itself is a closed loop. What goes in must
come out. Impacts on one part of the cycle create comparable impacts elsewhere in
the cycle. If inputs to infiltration are decreased by 170 mm per year, then inputs to
surface runoff must be comparably increased by this amount. Stormwater
programmes, which focus on one aspect of stormwater (detention or channelisation)
without paying attention to the other aspects of the hydrologic cycle, will not function
effectively.

Land development has come to mean a significant change in the natural landscape,
including creation of impervious surfaces. When we pave areas we increase surface
runoff. Figure 2-2 demonstrates that impact. The arrows in the illustration are drawn
to suggest size or extent of impact (in this case, total quantities of water involved
year after year). Note that when we move from the predevelopment to post-
development condition, the three medium-sized arrows become one increased
surface runoff arrow with both evapotranspiration and infiltration substantially
reduced. Increasing surface runoff total volumes translates into significantly reduced
total volumes reduced from infiltration with significant consequences later in the
water cycle.

Figure 2-2
Changes to Water Direction Due to Urban Development
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In the past, stormwater management programmes have focused on peak rate
management or water quality treatment. Because such efforts are so partial in
concept and in effect, this approach fails to acknowledge and plan for critical system
wide water cycle impacts, which can mean that the stormwater management
approach itself becomes a problem, rather than a solution. Only through
understanding full water cycle dynamics can we hope to achieve some sort of system
balance and minimise water cycle impacts when managing stormwater.
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2.2 Precipitation

Hawkebés Bay has a highly
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western areas (3000 mm max.) can be up to three times those in eastern areas.
Figure 2-3 provides information on rainfall patterns in the Region.

The following information
provides some context around Annual
rainfall in the Region.

e Through 136 years of
record the average dry
period between storms
(greater than 5 mm)
during the summer is
12.9 days.

e The mean annual
number of dry days in
the summer is 43 days
and the 5-year average
is 52 dry days.

e During winter the
average dry period is
11.4 days with the
annual number of dry
days being 36 days and
the 5-year average
number of dry days is 44
days.

There is not much variation
between summer and winter in

Figure 2-3
Rainf al l for t
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terms of inter-event dry periods but there is a slightly greater seasonal rainfall in the
winter months (approximately 28%) than during other times of the year.

A percentage of Hawkeds

Bay

streams

dry

is important to recognise the seasonal variability of rainfall and stream flow and the
behaviour of various land use types on runoff generation. For instance, native
vegetation provides a greater buffer and flow moderating influence on stormwater
runoff than more modified environments. Streams are less inclined to dry up over
summer months if there is abundant vegetation in a catchment as movement of

water into the soil recharges groundwaters.

2.3 Groundwater Considerations

Groundwater is that part of the water cycle that has soaked into and flows through
the ground. It is mainly derived from rainfall that has soaked into the ground instead
of running off over the ground surface, evaporating or being used by plants. It may
also be derived from water soaking into the ground from stream or lakebeds. The
replenishment of groundwater in this way is called groundwater recharge.

Water that soaks into the ground moves down through soil pores or rock fractures
until it hits the water table. The zone above the water table is known as the
unsaturated zone. Below the water table soil pores or rock fractures are fully
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saturated and the groundwater mainly moves laterally through these pores and
fractures.

Groundwater wunderlies all/l of the Hawkeds Bay
geology, hydraulic properties of the soil or rock, topography, recharge rates and its

relationship with surface water means that groundwater flow and bore yields are

greater in some areas than others. The layers of rock that allow groundwater flow

are called aquifers. There are two main types of aquifer, which are:

¢ Unconfined or water table aquifers. These are recharged by rainwater
percolating down from the land surface (see Figure 2-4)

e Confined or artesian aquifers. These are pressurised and may give rise to
artesian or free-flowing bores. They are recharged only where they are
exposed at the land surface.

Confining beds

or layers that Figure 2-4

donot all ow Common Types of Aquifers

groundwater flow s s

are called Coas B SN . 3

aquitards. Rechargo man s b WO RSORT
for unconatined aautter/ | N[

Groundwater

discharges from it

aquifers into the

ocean, streams, c_\l—)(:

lakes and | Unconfined or

springs. Aquifer | water fablo aquitor
discharge plays s

an important role L__ﬂ’___j

in providing R o

water to streams e BT UIRRRAS
during dry SRS S I
periods. This

flow to streams is
called baseflow.

There is a dynamic equilibrium between groundwater recharge, aquifer storage and
aquifer outflow. For example recharge increases during a rainfall event and there is
an increase in aquifer storage (the water tables rise) and there is a corresponding
increase in aquifer outflow particularly baseflow and spring flow. This equilibrium is
also changed by changes in land use. Where changes in land use reduce recharge
rates there is a reduction in aquifer storage (the water table declines) and
consequent reduction in baseflow in streams and in spring flow. Aquifer outflow is
very important in maintaining stream ecology particularly during periods of low
rainfall. During such times baseflow and spring flow is maintained from aquifer
storage. If aquifer storage is not replenished by recharge a new equilibrium is
reached with reduced baseflow and subsequent effects on stream ecology.

Groundwater resources in the region vary from place to place according to the

characteristics of the soils and underlying rock type. Primary soils in the Region
include:
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Pallic Soils

Pallic soils consist of loess derived from schist or greywacke. They tend to have a
slow permeability with limited rooting depth. They are susceptible to erosion due to
high potential for slaking and dispersion. They tend to be dry in the summer and wet
in the winter.

Podzols Soils

These soils are strongly acidic and occur in areas of high rainfall. They are
associated with forest trees with an acid litter and have a slow permeability and
limited root depth. Podzol soils have low biological activity.

Pumice Soils

Pumice soils are sandy or gravelly soils dominated by pumice, or pumice sand with a
high content of natural glass. Drainage of excess water is rapid but the soils are
capable of storing large amounts of water for plants. They have a low clay content
(<10%) with low soil strength.

2.4 Stormwater Quantity

Changing the surface of the land from native vegetation or pasture to urban land use
increases site and catchment impervious surfaces, by increasing rooftops, roads,
driveways, patios, and pathways. Table 2-2 displays typical levels of imperviousness,
which can be found for various types and levels of development.

Table 2-2
Typical Levels of Impervious Surfaces
Type of development Percent impervious
Residential housing

65
38
30
25
20
12
Commercial and Business | 85

Industrial | 72

Greater levels of development in a catchment increase levels of impervious surfaces,
resulting in greater runoff. Impervious surfaces, other than having a small wetting
factor, directly convert rainfall into runoff.

A common means of visualising the response of stormwater runoff to rainfall is the
concept of a storm hydrograph, which is a graphical comparison of runoff being
discharged from any particular site (measured in cubic metres per second) versus
the time that the water is being discharged. Hydrographs can be developed for sites
of any size and for all different size and duration storm events. Figure 2-5 presents a
hydrograph for a typical site before land development has occurred and compares
that hydrograph with the post-developed runoff condition.

There are a couple of points that can be made when comparing the pre- and post
development hydrographs detailed in Figure 2-5.

Ha wk eay$vat@&way Guidelines Low Impact Design 20090406

18



),
HAWKES BAY

e The figure provides for a hypothetical development at a hypothetical site and
presents a post-development hydrograph with the assumption that there is no
stormwater management.

Figure 2-5
Typical Pre- and Post-Development Hydrographs
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¢ There is a significant increase in the peak discharge from the development
activity versus the predevelopment condition

¢ As the total volumes of the runoff are the areas under the curves, there is a
significant increase in the total volume of runoff from the pre- to the post-
condition.

¢ The post-development hydrograph rises or increases earlier in time than does
the predevelopment hydrograph. Runoff starts earlier as portions of the site

have been made impervious and immediately start to discharge water as rain
begins.

Under existing approaches to stormwater management a developer might be
required to construct a pond for water quantity peak flow control, and possibly water
guality, control. Ponds provide numerous benefits but they cannot reduce the total
volume of water that must pass through them. This means that water is discharged
from them for a longer period of time than would have occurred under
predevelopment conditions. Figure 2-6 shows hydrographs under three different

Figure 2-6
Post Development Hydrograph with Detention
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scenarios now with the total volume for the uncontrolled condition being the same as
the volume for the hydrograph where there is a stormwater pond. Where this
situation occurs, it may not always cause problems downstream of the facility but
duration of flows downstream of where a number of ponds are located on different
tributaries may aggravate existing flooding problems.

Figure 2-7 illustrates the possible flooding impacts (depending on location within a
catchment) that can result when a peak rate control approach is used catchment
wide. Under the assumption that they illustrate five sub-catchments within a single
catchment, each of which undergoes development and relies on a peak rate control
approach for stormwater ponds. Under this analysis, there is a predevelopment
hydrograph which sums the individual sub-catchments, five different hydrographs
from sub-areas, and those five combined to provide a resultant post-development
catchment hydrograph. Not surprisingly, the resultant post-development hydrograph
with detention exceeds the predevelopment condition for volume (as expected) but
also for the peak rate of discharge, which goes against the intent of implementing the
programme to begin with. In short, flooding may worsen downstream. A programme
cannot be based

only on structural Figure 2-7
detention facilities. It Possible Effects of Detention on Catchment Hydrology
must be supported
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problems. The more
important
stormwater quantity effects of urbanisation which have been generated in the
Hawkedéds Bay Region include the following:

e Complete reticulation of a catchment when urbanised will almost double the
mean annual flood return period

e A fully urbanised catchment, completely reticulated and with approximately
50% impervious cover will increase the peak discharge of a two year storm by
approximately four times

¢ Large floods of low frequency, such as 50 to 100 year events, show a
relatively lesser effect from urbanisation, their peak flows increasing about 2.5
times.

e The number of bank overflows increases, perhaps doubling where the
catchment is 20% storm reticulated and 20% impervious.

e Floods rise to a higher peak more quickly than under previous rural conditions
and also runoff more rapidly.

¢ Natural baseflow may decrease as a result of reduced groundwater infiltration

e Where channel materials are erodible, the stream channel will tend to enlarge
as part of the process of larger and more frequent floods.
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2.5 Stormwater Quality

2.5.1 Contaminant Types

Urban stormwater carries with it a wide variety of contaminants from multiple
sources. Representing the majority of recognised classes of water contaminants,
these originate not only from land activities in the catchment but also from
atmospheric deposition. Moreover, surface and groundwaters can exchange.
Streams flowing during times with no rain are an indication of the surface
groundwater interaction.

Contaminants commonly found in urban stormwater that can harm receiving waters
and the specific measures that express them are listed in Table 2-3. Contaminants
other than solids and pathogens are associated with being in a solid or in a dissolved
state. In urban runoff most contaminants are associated with solids or soil or other
natural particulates. This condition differs among the specific contaminants. For
example, depending on overall chemical conditions, each metal differs in solubility.
For instance, lead (Pb) is relatively insoluble and will generally be seen in a
particulate form, while zinc (Zn) may be found in either a particulate or dissolved
form. The nutrients phosphorus (P) and nitrogen (N) typically differ substantially in
that phosphorus can be found either in particulate or soluble form while nitrogen is
generally found in soluble form only.

Besides these contaminants, other water quality characteristics affect the behaviour
and fate of materials in water. These characteristics include:

Temperature

pH - an expression of the relative hydrogen ion concentration

Dissolved oxygen

Alkalinity - the capacity of a solution to neutralise acid

Hardness - an expression of the relative concentration of divalent cations,

principally calcium and magnesium

e Conductivity-a measure of a watero6s ability to con
a result of its total content of dissolved substances (often expressed as salinity

in estuarine and marine waters or total dissolved solids (TDS))

These characteristics affect contaminant behaviour in several ways. Metals generally
become more soluble as pH drops below neutral and hence become more available
to harm organisms (often referred to as bioavailability). In addition, pH also affects
the toxicity of some metals and ammonia. Depleted dissolved oxygen can also make
some metals more soluble. Anaerobic conditions in the bottom of lakes release
phosphorus from sediments, as iron changes from the ferric to the ferrous form.
Elements creating hardness reduce toxicity of many heavy metals. Water quality
analyses take this relationship into account by varying the allowable level as a
function of hardness.
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Table 2-3
Urban Contaminants

Category Specific Measures

Settleable solids (SS)
Total suspended solids (TSS)
Turbidity
Oxygen demanding substances Biochemical oxygen demand (BOD)
Chemical oxygen demand (COD)
Phosphorus Total phosphorus (TP)
Soluble reactive phosphorus (SRP)
Biologically available phosphorus (BAP)
Nitrogen Total nitrogen
Total Kjeldahl nitrogen (TKN)

(ammonia + organic)
Ammonia-nitrogen (NHs)
Copper (Cu), Lead (Pb), Zinc (Zn), Cadmium
(Cd), Arsenic (As), Nickel (Ni), Chromium
(Cr), Mercury (Hg), Selenium (Se), Silver
(AQ)
Micro-organisms Fecal coliform bacteria (FC)
Enterococci bacteria (Ent)
Viruses
Petroleum hydrocarbons Oil and Grease (O+G)
Total petroleum hydrocarbons (TPH)
Synthetic organics Polynuclear aromatic hydrocarbons (PAHS)
Phthalates
Pesticides
Polychlorobiphenols (PCBs)
Solvents
Etc.

2.5.2 Contaminant Sources

Now that types of contaminants have been discussed, it is important to recognise
their sources. Knowing where contaminants come from can assist in developing a
strategy to reduce their impact on receiving systems. Stormwater practices and
approaches do not equally address contaminants and recognising the various land
uses that exist in a catchment will assist in evaluating the range of pollutants that can
be expected and thus the approach that needs to be taken to reduce their impact.
Table 2-4 lists typical sources of contaminants.

Table 2-4
Sources of Urban Contaminants at Individual Sites
Atmospheric deposition From urban and rural areas: fine particles, phosphorus,

ammonia, nitrate, metals, pesticides, petroleum products,
toxic organics and metals

Litter and leaf fall Personal and commercial debris discarded to roadways
and parking lots such as plastics, paper, cans, and food,
leaves and organic debris from roadside and parking lot
trees; BOD, nitrogen, phosphorus, humic organics, metals

Residential and roadside Phosphorus and nitrogen, pesticides and herbicides,
landscape maintenance dissolved organics from soil amendments

Urban wildlife and pets Bacteria, phosphorus and nitrogen

Transportation vehicles Fuels, brake drum and tire wear, body rust, fine particles,

metals in particular zinc, copper, cadmium, lead, and
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