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Introduction Water Budget Conservative Tracer Study
T;he movemept of Water through the unsz.tturated ZO.IlC (UZ) at four ag- The water budget equation used 1s: OBr Sample collection lacked the resolution to Conﬁdenﬂy define breakthrough
ricultural settings in the United States (Fig. 1) was investigated under INPUT = DRAINAGE + EVAPOTRANSPIRATION + CHANGE IN SOIL STORAGE + RUNOFF GHOTER.
the National Water Quality Assessment (NAWQA) program. Ol?j eC- Runoff was not measured, and was calculated as the remainder after subtracting independent estimates of drainage, evapo- ®Time of travel at all sites is likely greater than the longest time reported in
tives of the study were to calculate budgets, travel times, advective transpiration, and change in soil storage from the total water input. Error in the calculation is also included in the remainder. Table 3 due to tailing of the conservative tracer.
V?lf)c.ltles, anc.1 sp§01ﬁc ﬂu.XGS for water w1t.h1n the UZ for each site. ®Whil s the onlv water inout at IN and @®Br was transported in low concentrations below the root zone and tile drains
This information is essential to understanding the fate and transport Table 2 water Budget Components for 2004, in centimeters D fl € %SZIP(IZZ lond“\’;z dedOIzl}é;/a et Zlnggfya' . atf} within 7 days after application in IN (Fig. 4a).
: : 1 : : _ —— _ or : an adde 0 an o irrigation
of agricultural Ch.emlcals Wllfhm agrlc.ultural eco.sysj[em.s. Comparlsqn Indiana  Maryland  California Washington \} _ . respectively, to meet crop needs (Table 2) @Br transport in MD appears to be associated with free-draining water (pan ly-
of results from different settings provides some indication of how site Precipitation 0 o T o ’ ’ ' simeter) as opposed to water that is more tightly bound within the UZ matrix
specific hydrogeology, climate, and agricultural management prac- R _ - 120 74.4 (suction lysimeter) (Fig. 4).
tices influence the movement of water within the unsaturated zone. Drainage i £ 1 11.9 ©®Water draining (recharging) from the soil surface to the QRelativeg/ rapid transport of Br (8 days) to 0.9 m was seen at the CA site (Fig.
' ' ground water (Fig. 2) was seen at all study sites in 2004. 4c) likely due to the sandy soil texture (Table 1) and during the early growing
Evgﬂzgt?;';?-l'-;::?r" 58.0 _ _ _ Drainage estimated for WA was ~20% of the drainage esti- >EASOT.
Penman-Montieth 50.3 . 89.9 — mates of the other study sites (Table 2). OBr was transported to 1.8 m within 1 day (~180 cm/day) in WA (Fig. 4d) likely
Kimberly-Penman — — 83.7 due to preferential flow.
Ch in St 0.1 : 1.3 0.0 . . . L :
o a“*feo:“ orade 109 L 26 ®Recharge in CA and WA increased during irrigation Table 3 Bromide Tracer Study Data.
cmameer ' ' ' ' events corresponding to increases in soil VMC and Indiana’ _ Maryland” _ California” Washington*
: ground_water elevation (Flg 2) This indicates that Whlle Application Date 5/19/2004 5/12/2004 3/24/2004 5/17/2004
Flg ure 2 | recharge can occur in response to precipitation, irrigation Travol Timo (daya] o6 9t0sd]  810s20  1tos100

160 ; ; ; ; . . :
Indiana | _ Maryland | | events during the growing season contributed the majority

Cumulative Water Inpu | | _ of the recharge at these study sites.

Cumulative Evapotranspiration

0 Advective Velocity (cm/day) <1.1t08.7 <0.41t0 1.1 <46t0 114  <1.8t0183

120

Cumulative Drainage

Daily Change in Storage Specific Water Flux® (cm/day) <0.3t0 3.1 <0.1t00.3 <0.5t01.3 <0.5t047.3

100 r

S 80 = 2Bromide tracer data from 0.5 m depth sSpacific water flux 1 per unit area.
R = = ORecharge decreased in IN and MD (Fig. 2) as ET 1n- “Bromide tracer data from 0.9 m depth.
. = 60 = . . .
Fi gure 1 s s creased with crop growth. This was followed by an 1n- :
w0 | : : Figure 4
crease in drainage water after ET dropped off at the end of = -
5 5 5 - . . . . . e 0.9m
Table 1 study Site Description. - . the growing season. This suggests that the majority of the = /
a c . a - ) X = | pplication
Indiana Maryland California  Washington : recharge in IN and MD occurred during the months out- 5 o -
(IN) (MD) (CA) (WA) ' ' ' ' ' ' ' ' . . c @ g § 2 | == 05m | | | Maryland -
1/1/04 4104 71/04  10/1/04  1/1/05 1/1/04  4/1/04 7104 10/1/04  1/1/05 side the growing scason when ET has minimal 1mpact on B o[ 0sm ]
w 4 L= om i
Crop Soybeans Soybeans Almonds Corn 160 . . 160 . the water balance. I g s o
o _ _ (c California Washington 5 ' ' ' TR—
Irrigation (% of Input) None None Sprinkler (82) Rill (80) 140 ¢ 1 140 ¢ = — o |
= m=e 6im
Soil Texture Silty Clay Loam Fine Sandy Loam .. o . Silty Clayto 120 1 120 ' OThe IN site has tile drains ~1 m deep. Recharge esti- S A Avplcaton
. . . . . . g =2 A
to SiltLoam  to Medium Sand Medium Sand 100 | T 1| mates for this site incorporate both water moving to the ; — £ 0r—— ' ' - ' ]
. . 2 : ; : (aa] e« 1.8m X _
K, (cm/s) ~5E-8 ~BE-4 ~3E-5 ~3E-4 80 80 | tile drains as well as to the water table. PR S S " Sl U
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5/1/04 771704 9/1/04 11/1/04

Throughout End of
Field MBI MBI Rills Only

Avg. UZ Thickness (m) 1.1 10.6 7.2 4.4

WATER (CM)
3

WATER (CM)
3
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B
o
B
o

O Crop water requirements in IN and MD (ET) were lower
than CA and WA due to the difference in climate as well as

CIOps (Table 1). ET in WA tracks cumulative irrigation ©® Water transport from land surface to the water table (recharge) occurred within
nput closely. 1 year at all sites (Table 2) although the hydrogeology, climate, and agricultural
management practices observed at each site differ In some cases transport times
were significantly less than 1 year. Thus, agricultural chemicals have the potential
to be transported to the ground water within 1 year or less.
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Materials and Methods

@®Soil volumetric moisture content (VMC) was measured in-situ at all study sites ©Changes in VMC in IN and MD (Fig. 3 b and e) are not as dra-

with ‘water content reﬂectometers ( ampbdl .SCie.ntiﬁC Model CS616-L). ) Oil matic 1n response to water input as 1n CA and WA, but do show
matric gotentlal was measured with heat-dissipation probes (Campbell Scientific d durine d od

Model 29-L). These instruments were installed at 3 or 4 depths within the unsatu- cCreascs during dry periods.
rated zone at each study site.
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®Most recharge in CA and WA occurred during the growing season when irriga-
tion input exceeded ET rates. However, nominal recharge occurred in response to
precipitation events outside of the growing season when ET was minimal, more
so in CA than in WA. The majority of the recharge in MD and IN takes place
during wet periods outside of the growing season when ET 1s minimal, while a
small amount occurred during the growing season when water input exceeded ET.
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©Water ponds on the tight silty clay loam soil surface at IN

®Ground-water levels were measured 1n, and water samples obtained from, wells during precipitation events, and the ground-water elevation (Fig.
that were screened just below the water table. Ground-water levels within the : C :
3¢) shows relatively quick increases in response to these events

wells were monitored and recorded with a Solinst Levelogger pressure transducer. ' : . :
followed by a fairly rapid recession. The ground-water elevation
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We would like to extend a special thank you to Paul Capel for allowing us the opportunity to interpret and report this information.

t.i(gln(;%i;g r‘I’lVee%tgg Setl?)tsi%ﬁtr&?e?rredfeiclll?glxlxrfli%]hprfggi ita\}vig;lﬂ‘lf é’rlgggian“ggtlathfh%xcep- at this site is controlled by tile drains located ~1 meter below land % - 80 gg ORecharge estimates at the IN site incorporate both water moving to the tile
weather stations also recorded climatic condition an soil parameters used to esti- surface. However, during dry periods the water table dropped H R A | Nw = ﬂgalunsre(t)st evgtellrz(t)su ;Od Elsvea%errougghvtvatgr. i\rﬁgr%ee rfiII)lorti?1 tsilllt%gzilt ﬂ\l;l; tteliet ﬁl;ﬁﬁlfa mgg
mate the site-specific energy balance for determination of evapotranspiration (ET). below the tile drain and experiences less response to water input Ve wTos 7o tov0s vt god 7i0s 10A0s s PP e que oy oy pLTiS S s/
p p | oot Waari ! carrying solutes, the conservative tracer was detected below the elevation of the
®Changes in ground-water elevation in MD (Fig. 3f) show com R — L . - tile dramn. This suggests that water and solutes have the potential to move below
®Samples of UZ water were obtained with soil-suction lysimeters, which were in- A o v e gg Y N g< the tile drains and eventually to the ground water at this site.
stalled at up to four depths in the UZ. Pan lysimeters, designed to collect only paratively little response to individual precipitation events, and i | dl Cla ) M N B D D
free-draining water, were also used to collect samples of UZ water. declines over the growing season as ET rates exceed input. - e - = —— ) OThe frequency and spatial distribution of irrigation in CA and WA causes re-
s_ o i _= charge to vary in space and time. Because of this, site-specitic recharge rates esti-
vl TR o e WAt Table Flachnation Method (Loaly and Gl 3005) ® The cumulativ vaterinput for CAsnd Wh inFigwes 20and | 550y | ][ within the study arca.. Previpiiation. the only water input for IN and MD, tends o
The method assumes that an increase in the ground-water elevation of an uncon- 2(d) show step-like increases in response to irrigation nput (Fig. 5 | | . L | | S be distributed relatively even spatiaily and somewhat temporally in Comﬁarison to
fined aquifer is due to recharge water reaching the water table. 3 h and 1) that correspond with changes in VMC (Fig. 3 1 and m) £S £5 irrigation methods. Thus, recharge rates for MD and IN may be more reflective of
OEg izvafs calculaaed with thﬁ: I}’lriestle}];—T?ylor and FAOdS ? Fenmgn_Mc(lmﬁe}tlh and ground-water elevation (Fig. j and n). Eg % % typical recharge rates for other locations within the study area.
models for IN and MD, with the Kimberly-Penman model for WA, and with a 0 & - ) . . . . -
combination of the Penman-Montieth model and a modified version of the ©The drame@c; HICIEAse 1 YMC anc! ground-water elev?ttl(?n H gE andsuface=s12m (o Ackn owledgments
Penman model for CA. reSp onse to lrrlgathn lnp ut 1n WA — 1n contrast to CA — 15 hkely 'z % The authors would like to thank all who planned the study, installed monitoring and sampling equipment, and collected and verified field data.
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due to (1) nll 1irrigation as opposed to sprinkler, (2) differences in

@®Soil water travel time, advective velocity, and specific water flux were estimated S ST .. : ' ' | ' 0511, | ' ' |
from applied COHSGI’VElti,VG tracer studies u}s],ing a bI;'OIIllde (BI’) salt. lrrlgatlon volume pet 1rr1gat10n 4pp hcatlon, and (3) a tiner soil R “
texture (Table 1) in WA than CA. 'U.S. Geological Survey, Oregon Water Science Center, Portland, Oregon, lhfisher@usgs.gov

2U.S. Geological Survey, National Research Program, Denver, Colorado, rwhealy(@usgs.gov
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