On-site Wastewater Management
Training Course

Evapotranspiration
Systems
and
Sizing by Water Balance
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Terminology

Evapotranspiration Systems referred to as:

» Evapotranspiration Absorption Systems ETA —
Australia (unlined)

Evapotranspiration Seepage Systems ETS — New
Zealand (unlined)

Or simply Evapotranspiration Systems ET, if lined
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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
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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
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11.1

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
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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

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

AS/NZS 1547:2012
ETA Bed Design Detail

Surface water 100 mm thick topsoil
interceptor

Distribution pipe
100 mm diameter

Excavation depth
m

20mmotsand "]
{©.5-1mm)

. o 450 m
1#s s ol .7
200 mm of 'no fines’ TR T T T
gravel or sooria
(6~ 25 mm)
{— 50 mm thick sand cushion

Interfae with soil
Excavation width 1500 mm scarified prior 10 placing
cushion of sand

(Source: Standards
Australia 2012)
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‘Typical’ ETA Bed Layout ETA Bed Installed
- | “
‘ [T 5
e .
o : o
e
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Raised ETA Bed Consideration of Climatic Data
» Pan evaporation (E)
— From nearest climatically similar
meteorological station
+ Rainfall (R)
— From nearest climatically similar
meteorological station
* Or use SILO data:
* https://www.longpaddock.qld.gov.au/silo/
Centre for Environmental Training cet Centre for Environmental Training cet
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‘Class A’ Evaporation Pan

Total historical station
| coverage nationwide:

* 17,875 rainfall stations

* Only 601 evaporation
stations

© Rainfall Data
© BoM_Evap_Stations_30years_data

‘Class A’ Evaporation Pan

» Diminishing number of evaporation stations
* Move to SILO data (5km x 5km intersections)

‘Number of s rapo!
300
260 ,'/ Vi S . SO

Numbar of stations
g ¥l
/ |

1970 1980 1990 2000 2010

(Source: BoM)

(Source: BoM) Centre for Environmental Training cet Centre for Environmental Training cet
. . Inputs (Re) vs. Outputs (ET)
Nominal Monthly Area Requirement
Month v i Rama | Retad | LTAR ve. Evaporeanapiation (€T « ET dominates the
o] * lula| WB, but not
P T T . completely
I T T g5 o o L » Excess rainfall can
o s s | oo o |me | awe | s ~ be managed for
o w0 Jws e [mm o s 2w o £ I I I I I periods of the year
May 75 581 105 78.75 0 2063 27900 135273 i B
om0 s | w7 o s |zw0 | ma i I prowded that t.here
jui_ | s0s 605 B 5175 3 870 27500 320690 HE is storage available
Avg | 1085 814 5 63.00 0 1838 27900 151837 s in the system
o 1m0 omo |70 vw Lo om |z | oo
Dec 2325 1744 80 60.00 0 114.38 27900 24393
Table 3. Calculation of area for each month ding storage of e = o »R rar=
Centre for Environmental Training cet ° 2 Centre for Environmental Training cet
Depth of Stored Effluent The Use of Water Balances
B e I e B B e * Will work through an example of an unlined ETA
B oy eda T bed
o oo » Have provided templates for water balances for
T T BT ETI D beds and also irrigation areas
vo s Jwm Jew |wn _om _wn | » Once you have practiced the skills required in
- N PR P P P e doing water balances longhand they lend
= AN . N T B - B L B L) themselves to setting up spreadsheets to speed
sep 270 aso |0 | s | sem s -ewm calculation
o v ow  Jon [amw [os  cmow wm
vo o Jeow ame [mn  mm -mm
Table 4. Depth of stored effluent.
Centre for Environmental Training cet Centre for Environmental Training cet
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Water Balance Exercise

» Calculate the minimum area and depth of an
evapotranspiration-absorption/seepage area for a
three bedroom / five person dwelling

» BoM rainfall (Mornington) and pan evaporation
data (Melbourne Airport)

Jan Feb Mar Apr May Jun Jul Aug sep oct Nov
Mean Monthly rainfall (nm) 443 426 487 623 70 716 685 711 7 689 608
Mean Daily Evaporation (mm) 8.1 7 57 38 25 18 2 27 4 5.2 6

Dec
53.5

7.4

Water Balance Exercise

* 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 2,000 mm. Use
the recommended design loading rate derived
from Table L1 of AS/NZS 1547:2012 (see the Field
Workshop and Design Exercise section of these
Course Notes)

Centre for Environmental Training cet Centre for Environmental Training cet
Ci of irati ption area size by water balance method
’@e of area for each month
H (U] ) (3) (4) (5) (6) (7) (8) ©)
Water Balance ExerCIse ‘Month Pan Evapo Rainfall Retained DLR Disposal Effluent Size
evaporation | transpiration rainfall per rate applied of area
R month | per month per (8(T)
E _ET _R, (3)-(5)+(6) | month i
+ Calculate the evapotranspiration- & e L
absorption/seepage area using the worksheets fan
. . Feb
provided on the following pages e
» The evapotranspiration-absorption area is to be ;P’
constructed of imported aggregate, is to have a ot
maximum depth of 400 mm with a minimum of 50 Jul
mm freeboard (i.e. maximum depth of stored ::
effluent is 350 mm) oct
+ Conventional beds may have between 300 mm e =
and 600 mm Of aggregate, ETA/ETS beds 400 B First trial area = average monthly area = m?
mm Of aggregate and Sand Centre for Environmental Training cet Centre for Environmental Training cet
Depth of stored effluent (first trial) B
(1) (2) ®) (4) (5) (6) (7)
Month First | Application | Disposal | (3)-(4) | Increase Depth of Increase Computed . . .
| | e | mm |orsen| rmnn | "W | e Conclusions and Discussion
month effluent X-1) effluent month (X)
m? mm 7 (5)/n +(6)
B2 ; . - : . 5 = » Can use water balances to size/check size of all
Jan land application areas
Feb
Mar ) * Previous example of unlined bed
o « Slight modification for lined bed or trench
Jun (LTAR/DLR = 0)
Jul
Aug_ + Similar water balance used for sizing irrigation
e 1 areas but considers soil as an infinitely thin store
Nov i (i.e. no soil storage) for conservative sizing
Dec
n = effective void space factor. For imported durable aggregate, n = 0.3
Centre for Environmental Training cet Centre for Environmental Training cet
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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.

Bureau of Meteorology rainfall (Mornington) and pan evaporation (Melbourne

Airport) data is provided below.

JAN

FEB

MAR

APR

MAY

JUN

JUL

AUG

SEP

OCT

NOV

DEC

DAILY
PAN
EVAPORATION
(mm)

8.1

7.0

5.7

3.8

2.5

2.0

2.7

4.0

5.2

6.0

7.4

MEAN
MONTHLY
RAINFALL
(mm)

44.3

42.6

48.7

62.3

70.0

71.6

68.5

711

71.0

68.9

60.8

53.5

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 the Field Workshop and Design
Exercise section of these Course Notes).

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 600 mm with a minimum of 50 mm
freeboard (i.e. maximum depth of stored effluent is 550 mm).

11.8




= eaJe Ajyjuow abeiaAe = eale |eu} }sii

29(

AON

10

dog

Bny

inr

unp

Aep

ady

Je\

g

uep

NE

(2)1(8)

gale Jo
azIg

(6)

1

yjuow
Jad

paldde

jusniy3

(8)

wwl

(9)+(5)-(¢)
yjuow iad

ajeu
|esodsiq

(2)

wuwl

yjuow
Jad

¥1a
(9)

ww
¥SL0="Y
R:

llejured
pauiejay

(s)

wuwl

o

llejurey
()

wul
35.°0=13
13

uonesidsued)
odeAg

(€)

wuwl

3

uoneisodens
ued

(2)

Yjuop
(1)

poylaw asuejeq Jajem Aq azis eale uondiosqe-uonesidsuesjodens Jo uoie|nojed

yjuow yoea 1oy} eale Jo 9zIg

11.9



€0 = U ‘o)ebaibbe ajqeinp pajioduwil 104 "10}oe) doedS PIOA 9A1}09))9 = U

23

AON

190

dog

Bny

inf

unp

Aen

idy

Jep

qod

uepr

29Q

wiul

(X) yyuow
Juan|ya
jo yydap

pajndwon

wiwl

(9) +
Juanjye
Jo
Yydap ul
asealou|

(2)

wiuwi

(1-%
yjuouw 1o}
juen|ye

j0 yydeq

wwl

u/(s)
Juaniye
paiojs jo
Yydap ul
9sealou|

(9)

wul

() - (¢)
(9)

wiwl

(2)

yuow
Jad
ajel

|esodsiq

(¥)

wuwl NE

(2)i(8) eale
ajel |el)
uoneoiiddy | 3sii4

() (2

Yjuon
(1)

(lew 3s11) 3uanyyys paloss jo ydeq

11.10



g 00OTTx A
T T 159E0E] iA) FEBEIONG
L[ .= H'D * $9¢ (T E2UY HOYESLLI]
I - 0 ESEI0}5 SANE]OIIL
o | (g7 F) - () | (5) =5E10ig
TRELLOTEL T (1 + 4} synduy
TOHINPAT]
CQUONI T LLH (0 WEn]3Y [EMOY
TOHESIII]
romym | g- [+ 130 | () WENRIT E[q1ss0g
TELOTL, T - ) uoRERdiEsg
synduy
guouyrm | (g+]7) sindyng
TELOTL, T % () () TOHE]03ITE]
TELOTLL T e (13} mRERdsTERodEAT
sjnding
- } Jojor] dorny
TELOTL, T () moHErodEAy]
TELOTL, T () uonspdizesg
SAEP - T TRUOT T SAE(]
B0 L A I I ) r \ren BInNLI0 g [ogmig ANHAEIE
A TLLTT ) E)F] WONETODTEJ US15E(]
ABPST 0] | 20]] BIBRE1SEN US15E(]

STONEMOTE,) ESEI0IG IEEEN) V2 PUE SOUBTRG 3245y, PORE] By TINTII

11.11



£ 000T(TX A)

T T 1sa8aE] (A adeImg
T - () REETOIE SANEIILL
oM | (F+19) - (M+d) | (S) SSEI0IS
TR0 T (g+179) anding
T TLO T, T (A q friviui (vnd =
T TUOVTIL T 3xqg (1) uonendsmERodeay
snding
T TLVTIL, T (M+d) spnulmy
O, T Taxo) ) TONESII] 10SN[TY
T TN, T - I nonEpdizarg
syndug
- - (2} Joge] doa)
TR TOIL T - i nonerodeag
TR0, Tt - &) monEndinerg
EAED - [lal] THTOT T BAR(T
191 N 5 ¥ W | ¥V | X k! | b i | [oqRAS I3ITWELE J
e (D Eery PET
HA T g 2IE MOUE[onIR g WEIE(]

ARDT [[a)] S0 FIEMSISE M HAIS(T

eary mouediu] paemmon € i noidey [EFWEY WIIPR]Y € Jof 28e10lg Ry 1) SWIIRIRQ 0 Pasn 20WEEY RIEA ATHEORY

K

11.12



	11_ETA_Systems and Sizing by Water Balance_020223jw
	11_ET workshop exercise 020223jw

