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graphs and line diagrams. The meteorological parameters recorded at CRREL were then examined to determine
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influences of these climatic elements as observed at the CRREL wastewater site are presented for consideration.
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Ihis report was prepared by Michael A Bilello and Roy E. Bates
Meteoiologists, of the Snow and lce Branch, Research Division, U'S Army Cold
Regions Research and Engineering Labaoratory Funding tor this research was pro
vided by Corps of Engineers Civil Works Project CWIS 31282, Techniques for Land
Treatment of Wastewater.

Antonio | Palazzo, John R Bouzoun, C James Martel, and Dr Harlan |
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CLIMATIC SURVEY AT CRREL
IN ASSOCIATION WITH THE
LAND TREATMENT PROJECT

R T R I B R N T R R U N . . .

Michael A. Bilello and Roy E. Bates

R

INTRODUCTION

In CRREL Special Report 171, Wastewater
management by disposal on the land (Reed et al
1972), a technical assessment of land disposal
methodologies with respect to several different
disciplines was conducted. The report showed
that for year-round operation in areas with sub-
freezing winter temperatures, the following
meteorological parameters should be con-
sidered: air temperature, precipitation, wind
speed and direction, evaporation, relative
humidity, radiation, and snowfall amount. These
allow interpretation of winter surface condi-
tions, such as the depth and physical properties
of the snow cover and the formation of ice on
the ground, which may result from the freezing
of applied wastewater and from the thawing and
freezing of winter precipitation.

During 1972, six test cells (Fig. 1) were con-
structed at CRREL for the purpose of studying
application of wastewater on various soil types
and vegetation. A program was initiated to ob-
tain basic information on the climate proximate
to the test cells. This report describes the equip-
ment used and its installation, and provides sum-
marized results of the collected climatic data
Meteorological considerations for the operation
of wastewater treatment systems are presented
in reference to the operation of the CRREL test
program

METEOROLOGICAL DATA
ACQUISITION

Meteorological instrumentation

Temporary installation of meteorological in
struments to measure air temperature, precipita
tion, wind, and relative humidity was ac
complished during September and October 1972
in an open field west of the main CRREL
building. After construction of the wastewater
test cells was completed, the equipment was
moved adjacent to the test cells, and additional
observations, such as those for evaporation and
solar radiation, were started in July 1973 The
locations of the meteorological equipment at
both observation sites are presented in Figure 1
A photograph of the main meteorological in-
stallation site and a small building (completed in
October 1973) used to shelter the recorders is
shown in Figure 2.

Following is a listing of the instruments install-
ed.

1. An instrument shelter containing maximum
and minimum thermometers and a hygrothermo-
graph to continuously record the air
temperature (°F) and relative humidity (%)

2. A standard 8-in. recording rain gage in
which an antifreeze liquid is added in winter to
melt and record snowfall in equivalent amounts
of water (in). A snow stake is located near this




8 /
10 T
Oriveway |
Instrument shelter
2&3 Recording rain gages

4 Evaporation
5 Wind set
Parking Area 6 Instrument trailer
Plant 7 Six test cells
and 8 Recorder bldg — temperature
Equip pressure, wind & radiation
Bidg 9 Instrument shelter
10 Wind set
11&12 Recording rain gages
| 13 Radiation — net, total, vertical
2-5'-3 and evaporation (small pan)
14 Evaporation (X-3 pan)
Logistics 15 Thermocouples at 0 3-m elevation and
and at ground surface
Supply
Warehouse (o] 40 80 120f1
O 10 20 30 40m
*5
Troier -
6

Figure 1. Location of meteorological instruments at CRREL (1-6 were in operation from October 1972
through July 1973, and 8-15 from July 1973 onward).

Figure 2. View of meteorological installation and wastewater test cells




sare to weasare the depth ol snow an e
ground (in )

b Waind speed and direction equipment from
which average hourly speeds, peak gusts (mph)
and direc tion to 16 paints of the compass are ob
tained and continyously recorded

4. A vertical Eppley pyrheliometer to
measure mcoming solar radiation talling or a
horizontal plane Hourly average values of solar
cadiation in langleys (g-cal em™ h™') are obtained
from this continuously recording instrument

5 A National Weather Service experimental
insulated evaporation pan (called a modified X 3
pan) instalied next to the test cells, and a con-
tinuously recording Lambrecht evaporation in-
strument located in one of the test cells. 1his
equipment provides daily'and hourly amounts of
water (mm) evajorating from an exposed w.ater
surtace.

6 A two point recording lht'rmugmph to ob
tam continuous temperature (OC) measurements
at the ground/air (or ground/snow) mtertace and
(.3 m above the surface at the test cells

Monthly meteorological summary  data
booklets have been assembled and are available
at CRREL. These booklets contain hourly sum-
maries ot the weather data collected on this pro
et Bighteen months of these data (from O
tober 1972 through March 1974) were compiled
and tabulated on a daily basis (App A). This
tormation was summarized, and the results ob
tamned for each ot the observed meteorologic ol
parameters are described in the following o«
tions.

Air temperature

Mean monthly air temperatures computed
from the daily values between Qctober 1972 and
March 1974 (App A) are plotted and compared
with the long-term* average monthly air temper-
ature in Figure 3a. This figure shows that the
winters ot 1972-73 and 1973-74 were both
warmer than normal, and that the temperatures
from April to November 1973 were near normal
A sindar analysis was made using the mean dai
ly maximum and minimum temperatures for (he
same period (Fig 3b); this confirms the results
shown in Figure 3a and also shows that the
average minimum air temperatures observed at

‘Longterm in this case 15 a 46 yedr penod of record tor
Hanover, New Hampshire, from about 1906 to 1552 (V'S
Dept ot Commerce 1958)

CRREL dunmg both winters were wanmer than

normal However, mspection ot later vecords i
dicates  that  average air  temperatures
tHanover duun;.; more recent years have increas
ed  For example, the average annual i
temperature tor the period of recard w-ed
Figures 34 and 3b (1906-1952] was -3 4<%
whereas during the decennial of 19511960 the
averdage annual temperature was 45 3°F 1o com
parison, the average annual temperature for the
year 1973 at CRREL was 44 7°F Consequently i
recent temperature trends are considered  the
yedr 1973 was actually shightly colder than
observed during the 1950's. A comparison ot the
severity of the 1972-73 and the 197 3-74 winters
with those between 1951 and 1960 was aleo
made  Total freezing degree-dayst 1or  the
winters of 197273 and 197374 at CRREL were
1067 and 1200, respectively, whereas the num
ber ol average cumulative ireezing degrec days
tor the winter season between 1951 and 1960 4
Hanover was 900 Thus, when frost conditions
are considered, the two winters under study
were colder than the average winters between
1951 and 1960 This evaluation, however oes
not show whether the two winter seasons were
longer or shorter than normal

Precipitation

Information on the rate and amount o
precpitation in land treatment management i
obviously ¢ necessity. Rainfall and  water
cquivalent amounts of trozen precipitation
(such as snowtall and freezing rain), recorded
hourly on a weighing rain gage at the CRREL site
tfrom October 1972 through March 1974 are
presented in Appendix A The monthly totals 1o
the period of record at CRREL were plotted (Fig
3¢) and compared with the normal monthly
precipitation amounts recorded at Hanover dur
ing the 30-year period 1931-1960 as given by the
U.S. Dept. of Commerce (1964) The results <how
alternating periods of above and below normal
damounts ot precipitation occurring at CRRE!
over the 18 months of study. The cycles con
ststed of two- or three-month intervals duning the
tirst nine months  tollowed by a five month
period of slightly below normail precipitation
tfrom July to November 1973 and a much above

Fitie degree day total tor any ane day equals the difte rende
beiwesn the average datly ate temperature and 31294 Ihe

vhine gative when the average datly i temperature s
helow W% (hrecsng degreedavsg, aml p o when alwiys

291 thawng degrive davs

o —————— S
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Figure 4. Daily accumulated precipitation amounts at CRREL in 1973 [snowiall converted to water

equivalent).

normal pe-rldd_ occurring in December 1973
Most of the precipitation during December 197 3
incidentally, was in the form of rain. The total
annual precipitation in 1973 at CRREL amounted
to 39.94 in., which is only slightly above the nor
mal value of 37.30 in. For the warmer period of
the year ( 1 Apnil to 30 September), the observed
total precipitation of 22.21 in. at CRREL in 1973
was slightly above normal. More than ¥ of this
amount fell during April, May, and June. Daily
amounts of precipitation are also useful in any
water balance, water quality or land treatment
programs, consequently, these values are also
listed in the detailed tabulations presented in
Appendix A. A plot of these accumulated daily
values of precipitation starting on 1 April and
ending on 18 December 1973 is shown in Figure
4 The total amount of accumulated precipita
tion during this interval was 30.04 in

The average total annual snowtall amount in
Hanover tor the 1951-1960 decennial is 81 6 in
(US Dept of Commerce 1964). Normals tor

longer records, however, indicate that the total
annual snowfall amount for Hanover s closer to
73 n (US Dept of Commerce 1958). The ac
cumulated amounts of snowfall and depth ot
snow on the ground during the winters of
1972-73 and 197374 are plotted in Figure
Total snowfall during 1972-73 was slightly above
normal but was much below normal during the
following winter Comparisons between the
depth of snow on the ground and concurrent
weather conditions showed that the intervals of

g

accumulation, compaction and ablation closely
followed the periods of new snowfall, no
snowtall, and warm temperatures, respectively
A maximum snowcover depth of 24 in. was
observed during the winter of 1972-73, whereas a
maximum depth of only 11 in, as well as periods
of no snow on the ground, were noted during the
winter of 1971374

Although snowtall and snow depths were light
during 197374, the continued spraying of
wastewater during November and December
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1973 resulted in a substantal buildup of 1ce on
the test cells (see App. B)

Wind speed and direction

Average daily wind speeds and prevailing
directions recorded at CRREL during the 18
months of study are given in Appendix A
Monthly averages of these values were com-
puted and the results are shown in Figure 6 The
lowest monthly average wind speed (2 mph) was
recorded in May 1973 and the highest (7 mph) in
March 1974 The mean wind speed at CRREL for
the entire observational period was 4 2 mph

Wind gusts exceeding 20 mph occurred during
almost every month; a peak value of 50 mph was
observed on two separate days in January 1974
Ihe direction during these events of peak wind
was from the south or southwest

iy of snow on the pround at CRRIE

Examination of the predomuinant wind direc-
tion observed on each day (App AJ, provided an
estimate of the prevailing direction 1or each
month In some instances two directions were
dominant on one day, in which case they were
each given half weight in the calculations tor
developing a wind rose (Fig. 7). The diagram
shows that the direction of the wind during the
period ot at CRREL somewhat
vauable Synoptic weather patterns strongly at-
tect wind directions, f.i instance pretrontal

conditions often produce winds from the north-

study was

cast or southeast, and after frontal passage, the
winds shift to the west or southwest. Under other
SYNopLit the analysis shows
preterence tor winds to blow from the south

patterns, d

southwest or northwesterly Although some rela
tionship between preferred wind direction and




o
- ~
» £
w8
£ 8
» 4
E E
| i =y
} !
I 7
s [ A 7 > ma i
v 3 2% Y Hh
$ T 7 aG%mnd 441
| 9 _HUdduned dg
¥ MW BUuuvoihvrooopn
= vi lv,/,,//'.:,‘://<
= Moo oan
| MnuUonbdadudpeo o
4 v A A ag |
Db idonvonogz’
ol uunounvundidagady |
_ TR U D J F M
1973 1974
] Figure 6. Average monthly wind speeds at « Rk
N ol evaporation can be obtained over a 7 day
period 1t s located inside the test cells in order
NW NE to record evaporation losses within the cover ot

grass. The second instrument, called a modi ed
X-3 evaporation pan (borrowed from the
Hydrologic Division, U.S National Weather Ser

vice), 1s located adjacent to the test cells This

£ pan s equipped with a stlling well and point

e 'S % page which are used to accurately measure the
change in water level due to evaporation over a

24-hour interval. During periods of rain the

amount of precipitation recorded in the nearby

SE rain gage over the 24 hours of observation s
5 i utilized in the evaporation computations. Since
S the volume ot the X-3 pan 1s much larger than
that of the Lambrecht pan, water overtlow pro
Figure 7. Prevailing wind directions at blems seldem occur with the X-3 nan Reliable
CRREL (October 1972 through March evaporation data during periods ight or no
y 1974). precipitation were recorded by the wetghing ap
paratlus in the Lambrecht pan
seasons was noted, e g. northeast winds in winter Ihe daly amounts ol evaporation observed
and southeast in summer, the correlations and from both pans, as weill a > daily precipitation
e length of record were insufficient (o justify an amounts observed trom 1 July to 30 November
positive statements 1973 2t CRREL, are given in Table | The daily
‘ evaporation values obtained from the X-3 pan
Evaporation were totaled for each month trom July through
Two types of insttuments, installed at CRRE | November 1973 and the resuits are shown in
: on 1 july 1973, measure evaporation adjacent to Frigure 8. A maximum monthly evaporation of
and within the test cells. One instrument. a 150 mm (59 in Joccurred in July, and a minimum
portable Lambrecht recording evaporation gage of 30 mm (7 2 in ) was recorded in November

provides a continuous trace so that hourly rates
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Solar radiation

daitly measurements of
solar radiation in langleys were obtained over
the wastewater teost cells with a vertical [pply
pyrheliometer The lowest and highest daily
amounts observed during each month and the
average monthly values obtained dunng the
period from November 1972 through March
1974 are shown n Figure 9 Highest average
values occurred i June and July when daily
amounts of 450 to 500 langleys were recorded
However, during these two months the radiation
values ranged from 130 on an overcast-rawny day
to 790 langleys on a bright-clear day. Minimum
radiation values occurred in December when
average daily amounts rarely exceeded 100
langleys, and ranged from 10 to 200 langleys
each day. During the time period studied heve,
the calculated mean solar incoming radiation at
CRREL was 290 langleys per day

Average incoming

Surface snow, ice and
temperature conditions

Descriptions of major changes in snow and ice
conditions on the surface in and near the test
celis during the winter ot 1973-74 are given in

Appendix B This chronological tabulation

cludes the types of precipitation observed, the
surtace condition of the test cells atter the
sprayving of treated wastewater on the snow and
trozen ground, and the alternating accumulation
and melting of the snow and 1ce cover

) o) Gaisn goee hinmeil Seae Sl A e dad

Highest

Ligure Y. Solar radiation at CRRE!

Snow-cover density observations (g cm’) were
made inside the test cells and in nearby un-
disturbed areas atter new snowtalls or when
Signiticant ('hdng('\ In snow-cover properties oc-
curred These density measurements are Licted n
Table 11
were dentitted from these observed densities
Undisturbed layers of new snowfall provided
density readings of less than 0 20 g/cm' both out-
side and inside the test cells until wastewater
was applied to the snow After a period ot time
the iresh compacted through
natural processes (Bader et al. 1954) and the den
sity gradually increased trom about 0 20 to 0 28
glem?,

Ihree distinct snow or snow-ice lavers

snow layers

thus torming a second type of snow « over
layer. The density values in Table |l show that
this second type of snow cover s generally
untform both outside and inside the test cells as
long as no water 1s applied to the snow The third
snow density category occurred during Decem
ber and January atter wastewater was spraved
over the snow as it accumulated in the test cells
Water an the snow quickly changed its ¢harac
terstics, and the resulting snow-ice combination
hardened
snow e deasities ranged trom 042 to 070

compacted  and significantly. The
glom s An unusually warm january thaw in 1974
then melted almost all ot this snow-ice layer so
that snow cover conditions inside and outside
the test cells were sumilar during the remainder
of the winter and following spring




Table I1. Snow cover censities at CRREL for the winter of

1973-1974.
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Average daily snow/ground interface tempe-a
tures, average daily air temperatures, and daily
snow-cover depths measured near the tempera-
ture probes are presented in Figure 10 The
snow/ground interface temperatures between 18
December 1973 and 31 January 1974 only ranged
from 27° to 31°F when the ground was covered
with snow 1 to 8.5 in deep The average daily air
temperature during the same peniod ranged trom

-8 to + 43°F, but these high and low values had
little influence on the ground temperatures due
partly to the insulating layer of snow However,
the cold air temperatures and subsequent
shallow snow cover during February 1974 (11

10) resulted in colder snow/ground intertace

temperatures, which probably caused a greater
penetration of frost in the ground The variable
ground temperatures observed at this time also
may have been caused by the exposure of the
probe to direct sunhight as well as lack ot a snow
cover tor insulation This solar and noninsulated
intluence on the surface temperature s contirm
ed by the close association between the daily
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Based on the significant warming period
which occurred between 1 and 8 March 1974
{Fig. 10), it 1s possible that wastewater spraving
could have commenced sooner than the
reported date of 17 April 1974 However, plant
uptake of wastewater constituents would not
take place this early in the spring at Hanover,
New Hampshire

CLIMATIC CONSIDERATIONS IN
LAND TREATMENT OF WASTEWATER

In any program ol land treatment of waste
water, the chimate at each site 1s an important
tactor to consider Whiting 1976) Local weaither
directly intluences such tactors as the length of
the growing season, the soil surface conditions
the gam and loss of water by precipitation and

evaporation  etc  In frostssusceptible regions
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Figure 10. Average snow-ground intertace temperature,

average daily temperature and observed depth of snow on

the ground at CRREL

specitic knowledge ot the and
trozen ground i1s also important In the following
discussion, the meteorological elements record
ed at CRREL will be examined to point out possi

ble ways that weather conditions can constrain

SHOW  COVved

or help year-round operation of wastewater ap
to the land
recommendations or
chimatic parameters and thew effects within the
context of the requirements for land treatiment
of wastewater as observed at the CRRUL sute
from October 1972 through March 1974 are
presented for possible consideration

plication Although no specitic

conclusions  are  given

Air temperature
An average air temperature curve similar to

that shown for Hanover i bigure Sa provides

good tirst estimate ot the length of the nun-frost
season, 1 e the probable beginning date of trevs
ing temperatures in late autumn and the
of example h

ot 0°C or

the thaw season in spring |
shows that average daily temperature
less at Hanover can be expected to start in about
mid-November and end in mid-March However

during the last half of November 1475 th
temperatures at CRREL were above nornal

dicating that the soil during some years coubd 1
main unirozen beyond the usual time ot e
poected trost. Extension of the application per

beyond a predetermined or expected average
date should be further considered because the

temperature of the wastewater is usually warmer




than the ambient air temperature Continuous
Hooding tnunmzes sod treezing within the sond
protile in the carly winter and thus may allow
tor continued intiltration o1 the wastewater
However, a study by Jenkins et al (1978)
dicates that satisfac tory brochemecal oxygen de
mand (BOD) removal did not occu at sail
temperatures below 4°C  Consequently, these
cutwal temperatures should be taken into
count during this evaluation

i temporary release of wastewater (e g due to
hmited storage) by spraying in winter s required
or becomes necessary . additional apphcation to
the Lland can be ac omplished in several ways In
temperate  regions,  tor example,  signiticant
thaw iy periods i sndwinter may pernit the oc
castonal release ot water directly ta the Tand
when and it any cover of snow has melted In
tact an some cases, considerable intiltration ot
wastewadter in the soils may be possible beneath
d protective snow cover which has preveanted the
surtace ol the ground from freezing However
the spraving of wastewater over a snow cover re
quires special dispensing nozzles, otherwise it
may not be effective. When this method was
tried at CRREL in December 1973, treezing air
temperatures produced a large dome ot e
around  the expetmental, small-radius  spray
nozzles being used on the test cells (App. B) This
mnture of snow and frozen wastewater remain
ed sohd untl the tollowing thaw period in
spring A descnption ot a type of nozzle used for
winten spraying at West Dover, Vermont, 1s given
by Bouzoun (1977) A successtul method ol
wintertime sprinklec distodbation of wastewdates
has also been conducted in the Soviet Union
iShoherhakov 1978) This was achieved by spray
g the wastewater away trom the sprinkler so
that e buwlddap did not occur under  the
spriimkler head

Hwinter apphication of wastewater is planned
mtormation on trost penctration s required to
deterrune the depth at which an underground
vpehine system should be Taid Computation of
the design treezing index (1e coldest winter in
cither a 10 or 30-vear record) 1s one methaod
which could help provide such imformation In
structions on the procedures for calculating this
salue are given m o US Army technical manual
(LS Army 1965) However, the freezing index
Alone will not turmish the essential imtormation
on the depth of trost i the ground due to 1) the
msulating properties ot the snow cover, 2) the of

lects ol ditterent types ot soil. and 3) the

tHuence ol vegetation type and density
tects o vanous homogeneots sorl 0y pes on the
rate and depth ot trost i the ground s descniboed
in another US Army construc tion manual (LS
Atniv 1966)  For example. Figure 14 ot the
manual shows that under a snow - frec cover of
turt, trost penctration in silty sand atter 1500
treezing degree days have accumulated will
reach a depth ot about 32 1t Under sinitlar sur
tace and temperature conditions i well dramie
sandy gravel, the trost will penetrate to about 5

ttn depth

Precipitation

The destgn ot an eftticient land treatren
system must andlude  an evaluation or  the
daverape amount and rate of precipitation so thy,
a water balance can be calculated Dependin.
on vanous soil, salinity, and plant 1actars arnid
ateas generally pernut greater application rate
per unit area ot land than are possible in hunid
regions. Fhis s due mainly to increased rates ot
evapotranspiration and evaporation Iniorr
tion, theretore, on the regional and seasor
distribution ot precipitation s iImpostant
design and operation ot a land treatr
ject Detailed weather data as given
Department of Commerce (1956, 1959, and 1964
have proven usetul i the planning stape 1
determine which months of the year one can ¢ s
pect  ontical condittons such  as  excesane
evaporation, fow ramtall, high air temperatun
gl wind speed, et

Phe rate of ramtall (he oS imtensity) becae
tnportant when u)n\l(ivrm;; Stotage requine
ments tor excessive ranoft T these metane
reported total dally or monthly preequitation
amounts may be msleading e aus
percentage ot this ramwaler may hove Vallen
during one or more high intensity <torms n
thunderstorms produce much of 1he

stnmoer for example, the average mont

precapitation amounts as given in the rooords
should be used with caution
A review ol how  air temperature aned

precipitation atfected the winter operatiog

the CRRED wastewater <ite duning 197474
tollows Wastewater appiication continued dar
e mternuttent penods of freezing and thaw e

temperatures and il;ll! now showers hetw s
21 September and 18 Decoember 197 5 Broet inter

vels of above treezimg i temperatures et

27 December 1975 and 31 March 1974 (App A




may have pemutted occasional madwinter ap
phication or wastewadter at CRREL. if needed
However, such attempts were not made during
this peniod because the sosl remamed frozen 1o
most of the winter Snowtall amounts w the area
throughout the winter ot 197 3-74 were hight, and
the ground was free ot snow by 24 March 1974
However, apphcation of wastewater on the test
cells at CRREL did not begin agam until 17 April
An earlier start maght have been possible it the
ground had thawed betore 12 Apel and 1f the soil
had been less saturated (App B

Wind specd
The contrtbution of winds to the

amount ot wastewater that can be applied to the

surtace

test cells throughout the penod or study was in

vestigated  The study showed that the most
sigmticant mtluence occurs (lutuu.; pwluul\ Ol
high wind speed i summer because evaporation
rates from an open water surface were observed
to increase very rapidly at these times  This s
particutarly true when the moving air s quite
dry. as tor example on 12 July 1973 at CRREL
when a aavmum hourly wind speed ot 24 miph
was recorded and humidity de
36% (App. A) The
evaporation trom the X 3 pan on this date was 12
mm (047 in) When a land treatment system s
designed to apply as much wastewater as possi

ble during the

the daytime
creased to a mmimum ot

summer  months,
monttoring ot the wind speed and

humidity s essential because ot the resultant in

continuous
relative

creased water losses through evaporation An
and
transpiration rates will be discussed later in this
seion

association between evaporation evapo
Fhis dlose relationship between hagh
evaporation rates and strong winds, however no
longer apphes during periods of precpitation o
trigid weather

A study m which the above principie ol nias
imum wastewater application was used, based
on crop type and growth stage, was conduc ted
by Hiler et al (1974) The concept that they used
tor optimizing water need emplovs a techmigue
called the stress day index (SO The pracedae
provides a quantitative method for determming
the water siress imposed on a crop during it
growing season Hhs crop susceptibibity tacton
(CS) 1s deternaned experimentally as the trac
tronal reduction n yield resulting trom o Lived
water defiont durmg a given growth stage  The
authors also note that other rational irrigation

timing approaches have been reviewed by the

1966, 1 itvac e
1970, and Hiler et al
that the

tollowmg wmvestigators (FHemimg
and 1l 1969, Jensen et al
147 2)

However, 1t should be noted

above procedures are used as Csystem opera
ton” options Ininstances where there s a bailt
monitor  the daily

temperdature, humidity, and radiation conditions,

in - capabiity  to wind,
it may be possible to ncrease or decrease the

application rate accordingly  Generally

claborate  systems  such  as  this  dare  not

cconomical and are instead built and operated
on average or extreme monthly, seasonal or an-
nual chimatological data tor example. present
design procedures consider the worst « Limatic
conditions observed during each month tor a
lUyear penod ot record (US
Protection Agency 1977)

Fnvironmental

Water budget approach

In the mtroduction of a study conducted by
Rouse and Wilson (1972}, the authors state, " The
water-budget approach® to determining evapo
advantages that the
necessary measurements can be made quickly

transpiration  has  the

httle training or skill is needed on the part ot the
imvesnhigator, and a program can be operated
Cheaply aver long periods ot time  In thas study,
the authors found that the estimation of evapo
transpiration from a soil moisture budget ap-
proach under an exposed 120- x 210-m field ot
corn was acceptable (within * 10% ) when 1) the
time span between the medsurements n sod
moisture change was at least tour davs, 2) evapo-
transpiration rates were high (> 3 mm day),
Mothere was no precipitation, and 4§ six o1 more
sites were used to give a spatial average The
showed  that, with simplitied

measurements, o reliable account of the water

study tield
budget will provide results comparable to those

obtained trom extensive micrometeorological

measurements and energy  exchange calcula
tions

The CRREC site 1s a closed system (except tor
losses due to evapotranspitation) and theretore
olters a means of accurately conducting a water
budget study. Since the test cells are endlosed
on all sides and at the bottom by concrete, there

is no water loss by lateral movement or by deep

This  approach mvelved  the  tollowmg  rela t
! (A, T v where £ s evaporation )
ton, A the volumetrie change in sorl morstygre: with e
the net dramage across the termunal depth of meosarement

the net water loss trom the measurement

rone e o

ateral subsurtace movement, and s the net water loss e te

urtace runott (Rouse and Wilson 1972
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Figure 1. Monthly preapitation and evaporation
amounts at CRREL, May-September 1974

intiltration in order to conduct such an evalua-
tion of the water budget at the CRREL waste
water installation, the following components
should be momtored 1) the input of precipita
tion and wastewater amounts for water gain, 2)
the percolated water collected at the bottom ol
the test cells tor water loss, and 3) the amount of
water retained in the soil, root systems, and
vegetation tor water loss due to storage [he re
maining water losses would be due to
evapotranspiration

A preliminary study conducted at CRREL* has
shown that maximum evapotranspiration occur-
red when small, frequent, and sutticient doses of
water were applied so that no decrease in plant
transpiration would take place One large ap
phcation (one per week tor example) equal to all
the small doses did not produce equivalent
evapotranspiration losses  The soil in this case
does not retain all the water because some 1
lost to percolation A deticiency in available

“Persomal communication, A U Maetealt and Fddy T
Pato Alto, Calitornig (tormerly o samtacy coginees ot € KRR
1978

wdater then may occur prior to the next applica
tion so that evapotranspiration s not sustained
at nornial (or maximum] rates

Pan evaporation

An mwvestigation ot monthly  evaporation
amounts obtaimed from the X-3 experimental
pan and the concurrent monthly precpitation
amounts tor the pertod 1 May through 30
September 1974 at CRREL was conducted The
results are shown in Figure 11 Note that these
dates extend beyond the period ot record
discussed earlier in this study  Since pan
evaporation measurements began in July 1973
data for the entire summer were not available
until the tollowing vear 1he record for 1974
theretore, was used in this analysis. The monthly
precipitation amounts observed during the sum
mer ol 1974 at CRREL (Fig 17) show that, except
tor September when an uncommonly high rain
tall oc curred, the totals ranged from 2 3 to 5 4
I hese monthly values ot observed precipitation
comcide with long term average records which
shaw that the Hanover Lebanon, New Hamp

shive. region experniences similar amounts  of
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Figure 12 Comparison ol accumulated precipitation
and evaporation amounts at CRREL, May-September

1974

precipitation each month throughout the yea
(US Dept of Commerce 1964}

Maximum evaporation at CRREL normally o«
curs during July when shghtly more than 6.0 in
of water returns to the atmosphere (Fig 11)
Mintmum values occur in winter, but since ex
posed water surfaces at the CRREL site freeze
during most of the period between December
and March, snow surface evaporation measure
ments were not attempted. The accumulated
precipitation (16 58 in) at the wastewater site
between | May and 30 September 1974 and the
water lost to the atmosphere as measured by
pan evaporation (2415 in) during the same
period are shown in Figure 12 This gain and loss
ot water through natural means show a deticit of
over 7 5 in. occurring as a result of evaporation
during the tive months under study

Daitly monitoring of evaporation rates is prob
ably most usetul tor application in crop manage
ment. For example, Hiler et al (1974) describe a
situation in which the crops are exposed to an
extremely  high  cvaporative  demand, even

though the soil s well irngated eVapoOrative
demand exceeds maximum supply rate trom the
soil, the plant would indicate a water detics

When the soil 15 already wet, an appropriate ir
rigation approach to conserve water, would be,
it teastble, to apply a hight spray of water to the
cropland Consequently, during meteorological
events ot strong, dry, and warm winds, the soil
could be fully saturated and the crop can stll be
continuously wetted to reduce the evaporative

demand

Potential evapotranspiration and
pan evaporalion comparison

Another method in which potential evapotran
spuration (PET) rates can be estimated s 1o con
sider the association between PET and pan
evaporation. In a watershed evapotranspreation
study conducted by Saxton et al (1974 tor ex
ample, the relationship between PET and both
pan  evaporation and  solar radiation  was

evaluated  They found that calculated daily

values of potential evapotranspiration (PET)




compared more closely with observed amounts

ol pan evaporation than they did with net radia
ton  1The ivestigation showed that calculated
values ot PET depend not only on the net radia
tion but also on wind run and the vapor pressure
denicit Consequently, they tound less scatter in
the comparnison with pan evaporation than with
net radiation because pan evaporation responds
to both radiation and the aerodynamic variables
in their summary, the authors state that
correlation of observed daily pan evaporation

“Good

with calculated daily PET values substantiates
the common practice of estimating PH I amounts
by adjusting observed pan evaporation ~ In ther
study, monthly ratio values of PET pan evapora
tion determuned tor three vears of observation
ranged trom about 65 to 80% tor the early spring
and late autumn months, and from about 80 to
95% tor the months May through September
The average seasonal (1 e Aprid through Octaber)
ratio ot Pt l/pan evaporation obtained from the
three-year study was 81%  Since pan evapora
tion data are readily avairlable for many states
(US Dept ot Commerce 1955, 1959), utilization
ot the preceding ratios would be beneticial tor
estimating evapotranspisation amounts In tact,
the U S National Weather Service 15 now pro
viding daily surface water evaporation reports
for the southern Great Plains irrigation farmers
(Newton and Wilke 1972) Additional morma
tion on the ratio values between pan evapora
tion and CVAPOLITanspIralion over Varnous ¢ rops s
given in a soil conservation handbook (USDA
1964), and in  evapotranspiration
reviewed by Veihmeyer (1964)

it the May through
PE 1 'pan evaporation ratios ot 80 ta 95%  as ob
tained by Saxton et al (1974), are applied to the
24 15 1n ot pan evaporation recorded at CRRI |
the total estimated evapotranspiration tar the
period studied would range trom about 19 to 2}
in The ditference between PEHT and
evaporation amounts ( 14 1n) can be con
sidered to be relatively small when compared
with the average total of 55 in of wastewater
which was applied to the test cells over the five
month Consequently, installation ol
elaborate and expensive mic rometeorologic al

equations

dverage Septembed
0

pan

period

equipment to measure evapolranspiration roles
from the vegetation on the CRREL wastewaler
cells does not appear to be a usetul or necessary
alternative

Literature review

Durng  the course of this imvestigation a
number of tecent reports which contain intonmg
tron relating to evaporation or ex apotranspir.g
tion,  wastewdter  mandgement.  water qudality
control, or water pollution were obtammed 1hese
papers have also been included in the Seledted
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APPENDIX B. CHRONOLOGICAL SUMMARY OF PRECIPITATION AND
SURFACE CONDITIONS AT THE CRREL LAND TREATMENT SITE
DURING THE WINTER OF 1973-1974

1973

21-22 September
4 November

8 November

21 November

9 December

14 December
15 December
16-17 December
1718 December
18 December

20 December
21-22 December
24 December
27 December
28 December

31 December

1974

3 January

10 January
11 january
21-22 January
30 January

31 January

4 February

7 February
12 February
20 February
22 February
26 February

1 March
10 March
21 March
22 March

24 March
31 March

10 Apnil
12 Apnl
6 May

Minimum air temperature fell to less than 32°¢

Average daily air temperature less than 42°F for furst tune

First hight snow showers — melted quickly

Date when daily air temperature remains below 32°F

Wastewater spray freezing on surface ot test cells

Winter so far has been mild and wet

lce forming on surface of some wastewater test cells

First major cold wave with snow and freezing rain

Snow accun: ilating on wastewater test cells

Wastewater mixing with snow cover and freezing hard on test cells Buildup of ice mounds caus-
Ing some spray water to overflow sides of test cells Last day of wastewater spraying for 1973
All test cells frozen over, average thickness ot crust layer 1s 3 in_in center of cells. and 1 in at
edges.

Snowfall of 4 in fell on test cills, tollowed by 2 5 in. mixed rain and snow, freezing rain and wet
SNOw

Snow depth stake reads 3.5 in with 0.5 in of new snow on surface Snow on test cells too hard to
insert density tube

Rain and drizzle occurred overnight, snow cover ablating due to above-treezing air
temperatures. Mound of e (and snow crust) still remains on most of test cells

Heavy rain of short duration overnight caused more snow ablation Average of 15 in snow on
ground with some bare spots

Rain and freezing precipitation amounts abnormally high, with numerous alternating periods of
freezing and thawing air temperatures during December

New snow layer decreased in thickness from 3 to 25 n Top 05 in. of layer remains ¢ rusty
About 5 in. of new snowfall over the test cells

Light snow fell during the night, 7 to 9 5 in of snow cover over hard ice on test cells

Rain and freezing rain formed thin crust on snow surface

Test cells covered with 0-5 in snow-ice crust, mostly residual from December spray period
Average of 2 in. snow on ground, snow stake reading zero Bare spots at center of test cells max
imum snow/ice depth on cells 1s 5 to 6 in Most of the old frozen wastewater spray residual has
melted

Test cells nearly free of snow and 1ce except tor 1-2 in ice layer about 5 ft in diameter near
center

New snowfall of 4 5 in recorded

Approximately 2 in new snowtall overnight, snow depth on test cells 3 to 5 in

New snowtall of 5in

Freezing rain and we pellets occurred overnight, 0 5 in- accumulation on surface

Between 1-3 in hard snow-crust on test cells

Warm air temperatures melted all snow, only ice 1-3 in thick remains on the test cells
Freezing rain and freezing drizzle changed to light snow, all of which then melted

Snowfall commenced in midmorning and 4 in had accumulated by late afternoon

Snowfall ended late on 21 March, 7 to 8-in snowfall on test cells Total water equivalent equals
065 in

Rain occurred, patches of snow remain on ground but test cells practically tree of snow

Some light freezing rain and freezing dnzzle most of the night, water vquivalent including
snowfall on 30th equals approximately 008 in . light patches of snow on ground

Average daily air temperature of less than 32°1 recorded for last time this winter

First day average temperature at air ground interface on test cells exceeded 32°f

Last day during winter of 197 374 munimum air temperature was less than 32°f
















