On-site Wastewater Management
Training Course

Evapotranspiration
Systems
and
Sizing by Water Balance

Centre for Environmental Training cet I

Terminology

Evapotranspiration Systems referred to as:

» Evapotranspiration Seepage Systems ETS — New
Zealand (unlined)

Evapotranspiration Absorption Systems ETA —
Australia (unlined)

Or simply Evapotranspiration Systems ET, if lined

Centre for Environmental Training
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Purpose

ETA/S Systems designed to:

* Maximise evapotranspiration

» Reduce absorption (drainage) in unlined systems
+ Avoid absorption in lined systems

+ Provide alternative to conventional trenches/beds
in areas of low permeability soils (<0.5-1.5 m/d)
e.g. clay loams, light, medium and heavy clays
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AS/NZS 1547:2012

» Table L1 gives recommended DLRs of between

12 mm/d (CL) and 5 mm/d (LC/MC) based on soil
texture

» Not necessary for annual evaporation to exceed

annual precipitation

» Can use plant transpiration and void space

storage to manage hydraulic load throughout
seasons

Centre for Environmental Training
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AS/NZS 1547:2012

DLRs are conservative values

Any variation to be justified by full water balance
for 12-month cycle (Appendix Q)

No higher DLRs for Secondary treated effluent
(may be better to use conventional trench or bed)
Plant with grasses and shrubs which tolerate wet
conditions and have high evapotranspiration
capacity

Construction outlined in Appendix L

Centre for Environmental Training
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6.1

Water Balance Design

» Background outlined in Appendix Q in

AS/NZS1547:2012

* Main factors:

— Effluent largely disposed of through deep
infiltration, interflow and evapotranspiration
— Evapotranspiration is significant, but may not

dominate water balance
— Some deep infiltration is required to prevent
salt build up

— Not suited to shallow water tables unless using
a lined system

Centre for Environmental Training
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Important Components of ET Bed
Design

Crop Factors (Cf), Evaporation (E) and
Evapotranspiration (ET) — explained further in
water balance example later

Long term average Eo (reference crop
evapotranspiration) values are accurate enough
for water balance calculations

Reference crop Eo values represent
evapotranspiration from a well grassed paddock
i.e. similar to grass on an evapotranspiration bed
Average monthly Eo values available for a range
of New Zealand Sites (i.e. Eo = ET)

Important Components of ET Bed
Design

» Capillary Water — movement of water laterally and
upwards under surface tension

 Field Capacity (FC) — upper limit of available water
storage in soil / medium

» Void Ratio (n) — proportion of bed available for
water/air storage

Centre for Environmental Training Centre for Environmental Training cet
AS/NZS 1547:2012 ‘“Typical’ ETA Bed Layout
ETA Bed Design Detail
Surface water 100 mim thick topsail Distribution pipe
interceptor 100 mm diameter
Iy I o
ekt =5 TE;?;?:"" s . - o -
ZUﬂmmol'nuy e s \
gravel or sooria
@-26mm) — [ N 1 1 1 | T e R R By
\— 50 mm thick sand cushion 0 ‘ ‘”’ ‘‘‘‘‘‘‘
Interface with soil Val! 5
Excavation width 1500 mm scarified prior to placing \ 7
cushion of sand v ] -~
(Source: Standards Australia 2012) l-u“ S T L S
Centre for Environmental Training cet “ Centre for Environmental Training cet
ETA Bed Installed Raised ETA Bed
Centre for Environmental Training cet
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Consideration of Climatic Da

ta

» Pan evaporation (E) or Reference crop Eo

— From nearest climatically similar
meteorological station

+ Rainfall (R)

— From nearest climatically similar
meteorological station

» Or use Virtual Climate Station data:

* https://niwa.co.nz/climate-and-weather/virtual-

climate-station-data-and-products

Centre for Environmental Training

‘Class A’ Evaporation Pan

Alternatively determine
evapotranspiration data
by use of Class A pan

evaporation data and a
Crop Factor which
varies by crop and
season

Limited class A pan

evaporation data
available

(Source: BoM)
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Monthly Average Reference Crop (Eo)

values for NZ Sites

Table 1 - Average monthly FAO-56 evaporation for a range of New Zealand sites. The symbol *
indicates solar radiation data were available. Sunshine hour data were used 10 estimare solar radiation

Mean Monthly Rainfall

bata are mean monthly values for the 1991-2020 period for locations having at least 5 complete years of data

[iean menthly rainfall (mm})

tation details are available in separate table

; OCATION MN  FEB MAR  APR  MAY  JUN L AUG  SEP OCT  NOV  DEC  YEAR
at the other sites. ‘A’ stands for Airport, ! e - e — - - e — e -
aitaia 750 860 847 988 1305 1499 1681 1370 1217 904 763 1016 1320,
Site Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year hangarei 780 832 1192 %41 1129 1422 1735 1300 1123 768 759 909 1289
fruckiand 581 631 750 821 1198 1194 1365 1172 1001 916 683  8L7 1118
xia A auranga 762 832 949 1321 1162 1206 1334 1116 85 84 634 1030 1201
;:*‘l“" A Ar 'g: 1'32 3Z ;‘; :3 ;g ;z :Z g; :2 :g; :?; :; Hamittan 754 650 754 923 1033 1178 142 1065 1001 860 790 992 114
cnuapal . ! otorua 938 1004 1003 130 1302 1319 134 1252 1066 929 868 1171 1355
Hamilton (Rukuhia) 127 108 92 61 40 30 32 43 58 8l 102 120 893 bisborne 4 5.9 90 1071 840 1074 1187 781 731 761 65.2 599 1000
Tavranga A 141 116 101 69 46 35 40 47 66 52 113 132 99 aupo 734 648 659 723 794 930 998 886 790 742 647 880 948
Rotorua A * 133 109 93 62 41 29 32 41 60 87 107 125 918 lew Plymouth 76.3 89.8 9.1 1171 1494 1436 1413 1288 1228 1270 1037 1193 1410.
Gisborne A * 141 111 93 62 46 36 37 46 66 93 120 136 987 Lapier 638 Sl 618 812 622 785 9.0 5.0  S81 609 5.3 518 789,
New Plymouth A 121 103 89 64 46 36 38 45 57 78 93 114 884 pvhanganui 58.1 69.6 0.5 BAS 808 9.3 87.0 83.5 759 89.1 753 895 944,
Napier 42 112 96 63 43 31 32 43 66 97 119 136 978 almerston North 587 686 574 836 812 955 875 835  £90 963 83 899 983,
Masterton (Waingaws) 133 107 86 53 32 26 26 35 S5 83 103 123 857 Masterton s2.4 485 €99 715 729 910 136 817 732 820 719 606 889,
Palmerston North 123 103 8 55 35 24 25 37 S3 77 97 116 831 T”‘"B“‘“ ;‘:; :;; :‘if ’::-; ’:;-?’ ‘;;: “;;; ‘g—; ‘:2 ‘;:; :?; Z;; ’:;:-
Bleaheim 158 130 108 73 47 35 36 48 73 103 125 146 1080 e = = 2 3 =
i A * 0L 8 70 45 % 27 38 3 42 & %6 100 7 fenheim 430 46 394 538 569 686 642 SL9  S44 5.2 491 497 638
Holduila s lestport 1634 1214 1431 1638 1865 1995 1701 1870 1826 2022 1573 199 2073,
Lincoln 133 107 85 53 34 25 25 36 57 90 109 128 881 aikoura 474 93 661 666 510 730 85 91 536 64 88 493 715
Alexandra * 131 104 81 43 21 11 10 23 50 84 110 129 795 fiokitika 2574 1917 2134 2449 2528 2612 280 2469 2447 2848 209 2721 2920
Dunedin A * 17 93 78 53 39 26 27 40 59 85 101 116 8§32 hristchurch a4 98 451 51.5 581 683 642 81 422 491 451 a8 617
Invercargill A * 104 8 6 45 33 22 23 35 52 75 90 107 741
cet Centre for Environmental Training cet
Nominal Monthly Area Requirement Inputs (Re) vs. Outputs (ET)
— -~y 1 Retained Rainfall (Re) .
bt | [ n [ s [ g | amoe | vt | ghons] e H e Bvaparanspran () + ET dominates the
ration month or per
B e ® ® ! i | e ( WB. but not
ET-075E R-075R I ,
. - completely
8175 0 740 ¥ .
- - L | « Excess rainfall can
19 2 3 64565
= o o s | - be managed for
" ECEED 2000 | sowo0_ | 3 i f
e s o 0.63 27900 ! £ perlods of the year
105 s o 2 9 3273 H ’
|70 | ses o wrs  |o s | zwo | ma i provided that there
Jul 806 05 6 5175 0 870 27900 320690 E u is storage available
Aug | 1085 14 8 6300 o 1838 27%0 151837 t .
s w0 |wss | s o as |z | oom in the system
o | 1674 1256 ® 6150 o 6405 2790 43560
Nov | 1020 1440 7% 5700 o 57.00 27000 a0k | 1 nnnmn
Dec | 2:25 1744 ) 50,00 o 11438 2790 we |
Table 3. Calculation of area for each month (disregarding storage of effluent). T T - ~ mR
Centre for Environmental Training cet ° ore Centre for Environmental Training cet
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Depth of Stored Effluent

1000

701 4611

3885 1365

24 547

675 2025

2063 4853

3450 6150

870 1920

ug 275 1838 952

6150 3450

279 6405 3615

)
A
sep 270
o
N

270 87.00 000

279 11438 8648

The Use of Water Balances

» Will work through two examples of sizing an
unlined ETA bed

» Have provided templates for water balances for
beds and also irrigation areas

» Once you have practiced the skills required in
doing water balances longhand they lend
themselves to setting up spreadsheets to speed
calculation

favle f Depth ofstored effuent Centre for Environmental Training Centre for Environmental Training cet
Water Balance Exercise .
Water Balance Exercise
+ Calculate the minimum area and depth of an « Three test pits excavated on the proposed
evapotranspiration-absorption/seepage area for a disposal area indicate that the soils are 475 mm
three bedroom / five person dwelling weakly structured clay loam overlying moderately
« Daily hydraulic load is 5 x 150 = 750L/day structured light clay to a depth _of2,000 mm. Use
» Use rainfall and reference evapotranspiration (Eo) }?:rr:e_;::ggqf 1”2?1(81/9’3298'1 ;%i?ggoqfizte derived
data for Gisborne and Blenheim :
» DLR for moderately structured light clay is
5mm/day
Centre for Environmental Training cet Centre for Environmental Training cet
Ci ion of irati ption area size by water balance method
Size of area for each month ~ e
Water Balance Exercise wonin| ran | cvapo | mamtt | Rotmned | DIR | Diposst | Efert | sin
evaporation | transpiration - rainfall m;;enrm perr;::nth ap:elLed o(;)alz;a’a
E ET _R, (3)-(5)+(6) | month g
+ Calculate the evapotranspiration- T b i P il o] Ml 8 L "
absorption/seepage area using the worksheets gian
. . Feb
provided on the following pages [ er
» The evapotranspiration-absorption area is to be ;"'
constructed of imported aggregate, is to have a e —
maximum depth of 450 mm with a minimum of 50 Jul l
mm freeboard (i.e. maximum depth of stored ::
effluent is 400 mm) oct
+ Conventional beds may have between 300 mm L
and 600 mm of aggregate, ETA/ETS beds 400 First trial area = average monthly area=| _ m?|
mm Of aggregate and Sand Centre for Environmental Training cet Centre for Environmental Training cet
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Sop
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\

n = effective void space factor. For imported durable aggregate, n = 0.3

Conclusions and Discussion

» Loading rate calculation for 750L/day at 5mm/day
DIR

A =Q/DIR
A =750/5 = 150m?
» Water balance indicates that areas required are:
For Gisborne A = 124m?2
For Blenheim A = 104m?

* Hence loading rate method of AS/NZS1547:2012
is conservative

Centre for Environmental Training Centre for Environmental Training cet
Conclusions and Discussion
References
» Can use water balances to size/check size of all o
land application areas . Pattgrson RA, (2006). Evapotrgnsplratlon Be.d
« Previous example of unlined bed Designs for Inland Areas. Septic Safe Technical
) h p } Sheet Reference 05/15. NSW Department of
+ Slight modification for lined bed or trench Local Government, July 2006
(LTAR/DLR = 0)
+ Similar water balance used for sizing irrigation
areas, but considers soil as an infinitely thin store
(i.e. no soil storage) for conservative sizing
Centre for Environmental Training (&=l Centre for Environmental Training ~ (&l8
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Table 1 - Average monthly FAO-56 evaporation for a range of New Zealand sites. The symbol *
indicates solar radiation data were available. Sunshine hour data were used to estimate solar radiation
at the other sites. ‘A’ stands for Airport.

Site Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Kaitala A ™ 133 109 97 67 49 36 39 47 63 86 101 125 951
Whenuapai A* 126 105 92 59 40 30 33 41 57 82 100 119 884
Hamilton (Rukuhia) * 127 108 92 61 40 30 32 43 S8 81 102 120 893
Tauranga A 141 116 101 69 46 35 40 47 66 92 113 132 999
Rotorua A * 133 109 93 62 41 29 32 41 60 87 107 125 918
Gisborne A * 141 111 93 62 46 36 37 46 66 93 120 136 987
New Plymouth A 121 103 89 64 46 36 38 45 57 78 93 114 884
Napier 142 112 96 63 43 31 32 43 66 97 119 136 978
Masterton (Waingawa) 133 107 86 53 32 24 24 35 55 83 103 123 857
Palmerston North 123 103 8 55 35 24 25 37 53 77 97 116 831
Blenheim 158 130 108 73 47 35 36 48 73 103 125 146 1080
Hokitika A * 101 84 70 45 32 27 28 38 48 67 86 101 727
Lincoln 133 107 8 53 34 25 25 36 57 90 109 128 881
Alexandra * 131 104 81 43 21 11 10 23 50 84 110 129 795
Dunedin A * 117 93 78 53 39 26 27 40 59 85 101 116 832
Invercargill A * 104 8 69 45 33 22 23 35 52 75 90 107 741
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WATER BALANCE ANALYSIS WORKSHOP SESSION

Calculation of evapotranspiration-absorption/seepage area size by the water balance
method.

Using the following information using your Course Notes, calculate the minimum area and depth of
an evapotranspiration-absorption/seepage area for a three bedroom / five person dwelling.

Use rainfall and Reference Crop evaporation (Eo) data from the previous two pages for both
Gisborne and Blenheim.

Three test pits excavated on the proposed disposal area indicate that the soils are 475 mm weakly
structured clay loam overlying moderately structured light clay to a depth of 2000 mm. Use the
recommended design loading rate derived from Table L1 of AS/NZS 1547:2012 (see following page).

Calculate the evapotranspiration-absorption/seepage area using the worksheets provided on the
following two pages.

The evapotranspiration-absorption area is to be constructed of imported aggregate, is to have a

maximum depth of 4560 mm with a minimum of 50 mm freeboard (i.e. maximum depth of stored
effluent is 400 mm).

6.10



TABLE L1
RECOMMENDED DESIGN LOADING RATES FOR TRENCHES AND BEDS

Design loading rate {DLR} (mm/d)
Structure ermeabilit . ETA/ETS
category texture lesa:]{mfd] Y | Primary treated effluent Secondary | beds and
Conservative | Maximum | reated trenches
rate rate effluent
1 Gravels and | Structureless % 3.0 | 20 35 50
sands {massive) ’ (see Note 1) | (see Note 1) | (see Note 1)
_ Weakly >3.0 20 30 50
2 |33m¥ structured . {see Note 1) | (see Note 1) | (see Note 1)
oams
Massive 1.4-3.0 15 25 50 (see
High/ Note 4)
moderate 1.5-3.0 15 25 S0
structured
3 Loams
Weakly
structured or 06-15 10 15 30
massive
High/
moderaie 05-15 10 16 30 12
structurad
4 Clay loams Weakl
y _ : ,
structured 012-0.5 6 i0 20 8
Massive 0.06 - 0.12 4 5 10 5
Strongly _
structurad 012-0.5 5 8 i2 8
Moderately _
5 |Lightclays |structured 0.06~0.12 S 10
Weakly
structured or < 0.06 8
massive .
Strongly -
structured 0.06-0.5 (S;ZN;Z;S
‘ Moderately (see Notes 2 & 3) 3,43
6 Medium to siructurad <0.06
heavy clays
Weakly
structured or < 0.06
massive

1

NOTES:

The treatment capacity of the soif and not the hydraulic capacity of the soil or the growth of the clogging layer govern
the effluent loading rate in Category 1 and weakly structured Category 2 soils. Land application systems in these
soils require design by a suitably qualified and experienced person, and distribution techniques to help achieve even
distribution of effluent over the full design surface (see L5.2 and Figure L4 for recommended discharge method by
discharge control trench). These soils have low nutrient retention capacities, often allowing accession of nutrients
to groundwater.

To enable use of such soils for on-site wastewater land application systemns, special design requirements and
distribution techniques or soil medification procedures will be necessary. For any system designed for these soils,
the effluent absorption rate shali be based upon soil permeability testing. Specialist soils advice and special design
techniques will be required for clay dominated soils having dispersive (sodic) or shrink/swell behaviour. Such soils
shall be treated as Category 8 soils. In most situations, the design will need to rely on more processes than just
absorption by the soil.

If Kgat < 0.06 m/d, a {ull water balance for the land application can be used to calculate trench/bed size (see
Appendix Q).

ETA/ETS systems are not normalty used on soil Categories 110 3.

For Category 6 soils ETA/ETS systems are suitable only for use with secondary treated effluent.

(Standards Australia/Standards New Zealand 2012)
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