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EXECUTIVE SUMMARY 

From March to September 1995, the Isotope Sciences Division of Lawrence Livermore 

National Laboratory performed isotopic measurements on water in the Orange County Forebay 

region. The goal was to test the applicability of isotope techniques for determining the current 

groundwater flow paths and flow rates in the OCWD spreading facilities. Successful results 

could then be used to predict the fate of proposed reclaimed waste water recharge. 

Stable isotope measurements in surface waters and groundwaters in the Forebay region of the 

Orange County groundwater basin provided a general source indicator. The data defined three 

general groups: 1) groundwater derived from recharged Santa Ana River water (SAR), 2) 

groundwater resulting from a mixture of recharged Colorado River water and the SAR, and 3) 

groundwater recharged from the Santiago basin area. In the f i s t  group of data, recharge directly 

from the SAR flow was not readily distinguishable from groundwater recharged via the 

spreading ponds. Some groundwater samples from Forebay wells showed significant temporal 

variability in stable isotope values, while others remained constant throughout the study period. 

The temporal changes in the groundwater stable isotope signatures are believed to be controlled 

by similar variations in the stable isotope signatures of the surface water recharge. With further 

sampling, these seasonal isotopic variations may provide a viable tracer for young (< 2 years) 

groundwater. 

Groundwaters were dated in the Forebay by the tritium-helium-3 dating method to a certainty 

of plus or minus two years. The tritium and helium-3 from tritium decay were abundant enough 

to generate estimates of groundwater transport rates. The interferences to the tritium and helium- 

3 data were minor in most cases and validation of the technique's utility in these groundwaters 

has been demonstrated. However, the analytical resolution of the helium-3 from tritium decay 

was not robust enough to resolve groundwater ages to less than two years. In addition, 

production wells in the Forebay, as in other areas, generally had long perforation intervals that 

penetrated multiple aquifer layers. These long sampling intervals allowed mixing of 

groundwater with different ages and compromised the age dating by averaging the result as 

1 



function of the mixing end-members. Discrete sampling of aquifer layers is, therefore, highly 

recommended for future age determinations. 

Recommendations for further work include 1) monthly sampling for stable isotopes in select 

groundwaters and surface waters of the Forebay to trace distinct seasonal surface water recharge 

"pulses", 2) sampling for isotopic analyses of discrete depths in Orange County Water District 

(OCWD) multipoint wells to enhance the stratigraphic resolution of groundwater flow directions 

and rates, 3 )  tracing surface recharge with non-toxic tracers of low concentration from the 

spreading basins to adjacent wells in order to determine transit times and dilution along 

groundwater flow paths for groundwaters I 2  years old, and 4) future basin-wide isotopic 

sampling in support of the OCWD groundwater modeling effort. 

INTRODUCTION 

OCWD currently recharges annually 250,000 acre-ft of surface water into the subsurface via 

spreading facilities in the Forebay of the Orange County groundwater basin, and around 15,000 

acre-ft annually by direct injection of mixed reclaimed water and deep groundwater in the 

Talbert Gap (Fig. 1). 

t 
Orange County Study Locations 'A"... 9 Productlon Woll 

surlac. w.1.r W.*H 

Figure 1, Orange County Water District boundaries with the Forebay 
region investigated in this study highlighted 
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Due to the continuing increase in urban water demand, OCWD would like to increase the use of 

reclaimed water, particularly in the Forebay as a groundwater recharge source through 

augmentation of SAR flows. The regulatory constraints on groundwater recharge with reclaimed 

water provide an impetus for OCWD to investigate and implement new methods for surface 

water and groundwater characterization and tracking. A central need of these issues is the 

coupling of water quality with groundwater flow. One of the immediate needs is to understand 

the rates of groundwater flow in the S 6 month time scale and the simultaneous changes in 

quality of the recharged reclaimed water. 

This report provides results on the feasibility of using isotojxs in groundwater to derive 

information on groundwater sources and ages in order to deduce groundwater transport rates in 

the Forebay region. Successful determinations of these parameters could help facilitate OCWD's 

development of more water supplies by potentially demonstrating adherence to regulatory 

requirements for residence times of recharged reclaimed water. 

The main goals of this investigation were to 1) determine the feasibility of using stable 

isotopes of oxygen and hydrogen to defme distinct populations of groundwater characterized by 

their recharge sources and points of entry, and 2) determine feasibility of the tritium-helium-3 

dating technique in the Forebay groundwaters. This report outlines the investigative approach in 

terms of field and analytical methods €allowed by the data results and discussion of their viability 

in determining groundwater flow. Recommendations are included on how the techniques can be 

modified and combined with additional information to improve future results. 

INVESTIGATIVE APPROACH 

Stable Isotopes 

The stable isotope ratio measurements of oxygen-l8/oxygen-16 ( 1*0/160) and 

deuterium/hydrogen @/Hi deuterium is hydrogen-2) ratios in water were used in this feasibility 

study to identify different water populations in the Forebay region. The method for comparing 

the isotopic character of different waters lies in the use of a SD-6180 plot of the isotope ratios. 
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The 180/160 and D/H ratios are normalized to a recognized standard and the converted results 

are reported in 6 notation (pronounced "del"), whereby 

18 16 

01 ostd ] O/ O - I  1000. 18 16 

In this case, the 180/160& and D I H d  are the isotopic ratios of the NBS-standard "Standard 

Mean Ocean Water" (SMOW). A 6 value is a per mil (or parts per thousand) deviation from the 

standard. A plot of 6D and 6% values provides a graphical means to distinguish various 

populations of data relating to different water masses of different origins (Fig. 2). 

-50 

6D .- 
/ / !- 

t. Y 

-1 -'"/ 10 -14.0 -12.0 -10.0 -8.0 -6.0 

Figure 2. General 6D6% plot showing the Meteoric Water Line 
(MWL) and the effects of evaporation on natural waters. The slope of 
the evaporation line can vary between 2 and 6 and depends on the 
ambient temperature and humidity. The MWL. has a constant slope of 
8 for global precipitation. 
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Also on this plot lies what is referred to as the Meteoric Water Line (MWL), a linear regression 

through the values of various unevaporated precipitation collected world-wide, which results in 

an equation of 6D = 86180 i- 10. An evaporated surface water lies to the right of the MWL 

along a straight line and progresses to the right with increasing evaporation. The proximity of a 

water's isotopic value relative to the MWL is pmportional to the extent of evaporation or isotopic 

enrichment. 

Tritium and Noble Gases 

Attempts have been made in the past to date groundwater with the radioactive (unstable) 

hydrogen-3 isotope tritium (3H; see Mazor, 1991 and references therein). Because of its 

radioactive half-life of 12.43 years, it is ideally a good chronometer for young (I 30 years) 

groundwater flow. Unfortunately from a dating standpoint, 3H concentrations in precipitation 

have varied considerably over the past 30 years due to 3H production from surface testing of 

thermonuclear weapons (Fig. 3). 

I , , ,  , , I 1  , I , ,  

6000 - 

- OITAWA. CANADA 'I 
.. 

1960 1970 1980 

Figure 3. Changes in the 3H concentration in precipitation have varied 
over an order of magnitude due to fallout of thermonuclear-produced 
tritium h m  surface testing. 
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Tritium measurements in groundwater 20 years ago were useful fiom the standpoint of tracing 

the "bombpulse" 3H that had recharged into groundwater in the early 1960s and calculating the 

groundwater travel time based on the observed depth of the "bomb pulse". Today much of the 

"bomb-pulse" is not well defined in groundwater systems due to 3H decay and groundwater 

dispersion. Tritium measurements alone cannot be used for dating groundwater reliably because 

of the uncertainty in what the original 3H concentration was at the time of recharge. 

In more recent years with the development of high precision noble gas mass spectrometry, 

the decay product of 3H, helium-3 (3He), can be measured. The advantage to this lies in the 

dating equation which states 

-17.9 x In - = age E)) 
where 3H is the concentration of the tritium at any given time and 3Ho is the original tritium 

concentration at the time of recharge. Since the 3Ho has a large uncertainty due to the "bomb 

pulse", the resulting age calculation will have large uncertainties. By simultaneously measuring 

the 3He that has resulted from the decay of the tritium (known as the tritiogenic 3He or 3He& 

we can reconstruct the 3Ho by adding the hitiogenic 3Heht  t03H and derive the initial 

concentration such that, 

Several components comprise the measured 3He and they include: 

where3Hem, is the total 3He analytically measured, 3 H e e ~  is the amount of 3He dissolved in 

a non-turbulent surface water in equilibrium with the atmosphere, 3Heaess is the amount of 3He 
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dissolved in water exceeding the equilibrium amount (a common phenomenon in groundwater 

due to excess dissolved air), and 3 H e r d  is the amount of 3He produced from radioactive decay of 

isotopes other than tritium. The latter species is very minor and totals only about 0.2% of the 

total 3He. 

Separating these different components of the 3He requires additional measurements of the 

4He abundance which comprises: 

4Hemm= 4 Heepuil+ 4 He,,,+ 4 He,, 

where the subscripts are the same as those for 3He. In the case of 4 H e d ,  a product of minium- 
thorium decay, the abundance can be significant where older waters are involved (e.g. >lo00 
years old). 

The 3Hee4uir and 4Heeqd terms are assumed based on the information known about the 

recharge temperature and pressure (i.e. altitude). The amount of 3 H e r d  and the 4 H e r d  in the 

Forebay groundwaters are small and have been assumed based on steady-state calculations. 

Therefore, the two unknowns left are the excess air terms and the tritiogenic 3He, of which we 

have two equations to solve for them. 

The 4HemeaspHeqd ratios provide a method for determining the excess air contribution to 
... 

the sample, since a ratio >1.0 is created by incorporation of more dissolved helium than in 

equilibrium with the atmosphere, assuming an appreciable amount of 4He has not accumulated 

from radioactive decay. In this study, that assumption is essentially valid since most waters are 

expected to be young. If radiogenic 4He is a concern, though, the 3HdHe ratios can be 

calculated and compared to ratios expected in water at equilibrium concentrations. This 

comparison is important since if there is any appreciable radiogenic 4He, then the 3HePHe ratio 

relative to equilibrium will be 4.0. This is due to the accumulation of 4He from uranium- 

thorium decay. Where there are indications of radiogenic 4He we can correct for it in the age 

calculations. 
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Radiocarbon Measure ments 

Later in this report some carbon-14 ( 14C) data will be presented and, therefore, a brief 

introduction is provided. The l4C is a trace isotope of carbon that has a relative abundance of 

approximately one 1 4 ~  atom to every 10 12 carbon atoms. The 1 4 ~  isotope is naturally occurring 

and radioactive with a half-life of 5730 years, providing an age-dating limit of -40,OOO years. 

This half-life is considerably longer than for the half-life of 3H (12.4 years) and, therefore, the 

14C should not measurably decrease due to radioactive decay in young groundwaters (400 

years). Carbon does occur as an inorganic solute in groundwater and is able to react with other 

inorganic sources. In many cases, groundwater accumulates some dissolved carbon from sources 

that have no 14C, for example, carbonate rocks and minerals >40,0oO years old that are in 

aquifers. Typically, the inorganic carbon in a groundwater <lo0 years old will contain anywhere 

from 10 to 50% carbon from 14C-depleted sources, but usually averages around 15%. 

The 14C of a groundwater is measured as a ratio of 14C/12C and normalized to the l4W12C 
ratio of a 1950 atmosphere, so that 

where gw is the groundwater ratio. Subsequent to 1950, the atmosphere contained abnormally 

high amounts of 14C due to surface testing of nuclear weapons. Therefore, post-1950’s 

groundwater recharge typically has 14C abundances >lo0 pmc. 

SamtAing Amroach 

Twenty-one different groundwater wells and eleven surface water sites were sampled 

throughout the Forebay region between March and August of 1995 (Fig. 4). Some sites were 

sampled multiple times resulting in a total of fifty samples analyzed (Table 1 and Appendix 1). 
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The sampling coincided with a peak flow of 5000 cubic feet per second (cfs) in the SAR in 

March that provided a contrast to the base flow conditions (< 200 cfs) sampled in August. 

Surface waters of the spreading basins were sampled at the same time groundwater was 

collected. Groundwater samples were primarily collected fiom wells adjacent to or immediately 

down-gradient of the surface spreading basins in the Forebay region with well depths ranging 

from 60 to 1375 feet below ground surface (Table 1). Two samples were collected 5 to 6 miles 

down-gradient (wells F-AIRP and A-47; see Fig. 1) in order to provide some indication of 

groundwater isotope signatures and ages outside the immediate influence of the spreading basins. 

e Production Well 
e Monitoring Well 

Surface Water 

2000 0 2000 a00 

Sul. In Feet 

t 

&A-27 
er-01 

Figure 4. Location map of the groundwater and surface water sampling 
sites. 

9 



Table 1: Isotope Data for the OCWD Forebay Waters 1995. 

Well Sample Date 6% per mil 6D per mil $ 1 4 ~  pmc 3H @Cm) H-3 He age 
(minimum years) 

0.3 
0.0 
17.7 

21 
19 
41 

35 
14 
25 
43 
26 
21 
34 
27 
15 
18 

20 
32 
20 
43 
23 
24 
22 
23 
28 
34 

- 

A-271 1 
A-2711 
A-4U1 
A-4U1 
A-4311 
A-4711 
ABS-u1 
AM- 1011 
AM-6/1 
Ah4-7/ 1 
AM-911 
EOCW-W1 
F-AIFW 1 
HG- 1 
HG- 1 
KB-1 
0-231 1 
OPWCll 
scwc-PLJZ 1 
SID-Y1 
sID-4/1 
YLwD-11/1 
n w D - 1 1 / 1  
YLwD-15/1 
nWD-5/1 

3/95 
6/95 
3/95 
6/95 
6/95 
3/95 
3/95 
4/95 
4/95 
6/95 
6/95 
4/95 
3/95 

31/95 
6/95 
6/95 
4/95 
4/95 
495 
4/95 
3/95 
3/95 
6/95 
6/95 
6195 

-8.3 
-7.1 
-8.2 
-8.2 
-8.0 
-85 
-9.4 
-9.7 
-8.1 
-7.7 
-9.5 
-7.1 
-7.9 

-58 
-51 
-58 

-59 
-60 
-71 
-79 
-60 
-58 
-74 
-55 
-52 
-61 
-51 
-54 
-52 
-55 
-87 
-52 
-53 
-59 
-57 
-61 
-59 

- 

115 
- 
103 

11.7 
18.9 
4.1 
0.0 
3.4 
2.3 
0.0 
23.9 

- 
84 
102 
97 
99 

- 
78 
62 
105 
204 
103 
85 
87 

101 
101 
103 

-8.0 
-7.5 
-6.9 
-6.9 
-6.8 
-10.5 
-7.2 
-7.2 
-8.0 
-8.0 
-8.0 
-8.0 

1.3 
- 

28.9 

2.1 
8.1 
4.1 
3.9 
3.6 
0.0 
11.4 

Surface Water Sample 

3/95 
6/95 
3/95 
6/95 
6/95 
3/95 
3/95 
3/95 
6/95 
4/95 
3/95 
3/95 
6/95 
8/95 
6/95 

-56 107 
104 
105 

106 

106 
106 

103 

103 

- 
- 

- 

- 

18 

16 
- 

0.0 

0.0 
- 

- 

Anaheim Lake-bottom 
Anaheim Lake 
Conrock Basin-bottom 
Kraemer Basin 
Miller Basin 
Mill Creek 
M o - D u c k  Pond 
SAR below Prado 
SAR below hado 
SAR@ 91 FWY 
SAR @ Imp. Headgate 

-7.8 
-7.3 

-73 
-7.1 
-8.1 
-8.0 
-7.5 
-7.9 
-7.2 
-7.5 
-7.5 
-7.7 
-7.5 
-63 

- - 
-51 
-52 
-% 
-57 
-50 
-60 
-52 
-54 
-57 
-57 

18 
19 

24 

14 
- 

- 
0.0 
- SAR@Imp.HwY 

S A R  @ Imp. HWY 
SAR @ Imp. HWY 
Santiago Basin 103 -46 

* Certainty in ages is 4 years 
$ M.L. Davisson, unpublished data 
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Field SamulinP Methods 

Wells were pumped either with the existing vertical turbine pumps in the domestic supply 

wells or with an electric submersible pump lowered down on a boom truck into the monitoring 

wells. Wells were pumped long enough to remove three well volumes of water according to 

EPA specifications. Surface water samples were collected by boat in the center of the spreading 

basins. Samples collected from the bottom of the basins are specified. SAR samples, from 

upstream to downstream, were collected at the duck ponds above Prado Dam, below hado Dam, 

the Imperial Headgates, below the Imperial Highway crossing, and below the Highway 91 

crossing. 

Field data of temperature, electrical conductivity (EX), pH, dissolved oxygen, and alkalinity 

were collected at the time of sampling. Commercial colorimetric kits were used for the dissolved 

oxygen (CHEMetrics CHEMets*) and titration kits for the alkalinity (CHEMeirics TitretsQ). 

Samples were collected for analysis of l80, deuterium, and 3H in glass, air-tight sealed 

bottles. The noble gas sampling requires a copper tube pinch-clamp assembly that seals a water 

sample in a copper tube free of any gas bubbles. Details of the sampling procedures are provided 

in Appendix 2. 

Some sampling sites were collected more than once and included surface waters around the 

Prado Wetlands and the Dam, the S A R  at Imperial Highway, and Anaheim Lake, and for 

groundwater YLW-11,  A-42, ABS-2, SID-4, A-43, and HG-1 (Table 1). The first samples 

were collected in March during a high-volume storm runoff period, while the second sampling 

was in June at more baseflow conditions. The last sampling was in late August for which some 

of the stable isotope data are provided. Subsequent data will be incorporated in technical 

memoranda submitted to OCWD. 

Analvtical Methods 

Stable isotopes were measured with standardized techniques of the C@ equilibration method 

for the '80 (Epstein and Mayeda, 1953) and the zinc-reduction method for deuterium (Coleman, 



1982). Both extraction methods result in purified gases (C02 for 180 and hydrogen for 

deuterium) that are analyzed on a VG Prism isotope ratio m a s  spectrometer at LLNL. 

Tritium is analyzed by the helium-accumulation method (Surano et al., 1992), whereby water 

samples are cryogenically degassed, sealed, and stored for 15-60 days to allow accumulation of 

3He from the tritium decay. The sample is subsequently degassed and the 3He is isolated and 

quantified on a VG-5400 noble gas mass spectrometer. 

The copper tubes for the dissolved helium measurements are vacuum fitted to an evacuated 

container. The copper cold seal of the sample is uncrimped and the water sample is released into 

the evacuated container where the water sample is subsequently degassed and the noble gases of 

interest are isolated and analyzed. The helium isotopes are analyzed on a VG-5400 noble gas 

mass spectmmeter, while the remaining noble gases are analyzed on a Nuclide-6-60 noble gas 

mass spectrometer. 

RESULTS 

Stable IsotoDe Data 

The stable isotope values of the Forebay surface waters ranged from -6.3 to -8.1 per mil in 

6% and -46 to -60 in 6D (Table 1). Groundwaters varied from -6.8 to -10.5 per mil in 6l80 

and -51 to -87 per mil in 6D. The lowest 6180 values were associated with wells downgradient 

of Anaheim Lake (wells SCWC-PW2, AM-10, AM-9, and ABS-2). Most waters varied between 

-7.0 and -8.0 per mil (Fig. 5). The highest 6180 values occurred in groundwater down-gradient 

from Santiago Basin (wells OPWC, 0-23, and EOCW-E). Likewise, the highest 6180 value in 

surface water was the Santiago Basin. Other surface waters of the S A R  and the downstream 

recharge basins tended to be somewhat lower in 6 l80, but never approached the low end- 

member (-10.5 per mil) observed in the groundwater. 

A 

12 



Forebay 1995 

m 20 Q) 

a m 

-10.0 -9.0 -8.0 -7.0 -6.0 

61S 0 
Figure 5. Distribution of 6 I80 values in Forebay surface waters and 
groundwaters. The broad range in values was reflected mostly in the 
groundwater samples. 

On a 6D- 6180 plot (Fig. 6), the isotopic values of the Forebay groundwaters and surface 

waters formed essentially two distinguishable fields: 1) a cluster of values just to the right of the 

MWL that ranged in 6 180 from approximately -8.5 to -6.5 per mil, and 2) four samples with 

isotopic values with more depleted 61, and 6180 values that lied to the right of the MWL. 

Forebav 1995 

-70 
-80 
-90 

6D 

-1004 

~Gface Water 
0 Colorado R. 
- MWI. 

-120 ? * I I I I I I I I I I I I I I 

-14.0 -12.0 -10.0 -8.0 -6.0 

Figure 6. Forebay groundwater and surface water isotopic values 
formed two distinct groups: 1) a cluster close to the MWL with higher 
values, and 2) four samples with lower values that progressed away 
from the MWL. Isotopic values are as per mil deviation from the 
SMOW standard. 
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Colorado River water stable isotopic values were also plotted in Figure 6 to compare its 

relationship to the Forebay waters. Two individual Colorado River samples were plotted, the 

lower 6l80 value collected from Lake Powell (Craig, 1966) and the higher value from Blythe, 

CA (M.L. Davisson, unpublished data). A line connecting the two river samples formed an 

evaporation trend that had a slope of 3.3 that was appropriate for arid evaporation (Craig et al., 

1963). The evaporation slope projected back to the MWL and intersected at -15.5 per mil on the 

MWL. This was the original stable isotope composition of the river water before evaporation 

and was consistent with alpine precipitation of the Colorado Rockies. The Colorado River 

values plotted in Figure 6 were also consistent with those measured at the Metropolitan Water 

District pipeline turnout (OC-28) into Anaheim Lake by Williams (1994). 

It should be noted that the four Forebay groundwater samples with lower stable isotopic 

values progressed along a trend towards the Colorado River values. The four samples clearly 

distinguished themselves from the cluster of higher stable isotopic values characteristic of most 

surface water and groundwater in the Forebay. Surface waters measured during this study period 

did not have stable isotope signatures that reflected the Colorado River, but rather remained in 

the cluster of higher isotopic values. This was consistent with an above-average condition of 

extended S A R  storm flow from local precipitation during the Spring and Summer of 1995. 

3H and 3He Data, 

Tritium values for the Forebay groundwaters and surface waters varied from 13 to 43 

picocuries per liter ( P c i ;  lcurie ((3) is 3.7 x 1010 radioactive disintegrations per second and a 

pic0 is 10-12). While 3H in groundwater varied within this entire concentration range, the surface 

waters had a maximum concentration of only 24 pCi/L (Fig. 7). The further inland a surface 

water is sampled, though, the higher the 3H concentration will be, and in Figure 7 the 

approximate modem value of 3H in Colorado River was shown for comparison (Holloway, 

1993). 

14 



a 
H 

Colorado River 
P cp 

m 6  
ccc 
0 
L c 4  a a 
E 2  z 

0 
10 15 20 25 30 35 40 45 
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Figure 7. Distribution of 3H values in Forebay groundwaters and 
surface waters. Modem surface waters did not exceed 24 pCQL but 
were higher than 13 pCi/L. Groundwater samples had a similar 
minimum value but many exceeded 24 pCi/L. 

Over the past 35 years 3H concentrations have varied nearly a factor of 100 along the southern 

California coast. The Colorado River has varied nearly a factor of 3 over the past 10 years 

(Holloway, 1993). 

Many of the Forebay groundwaters had 3H values higher than the surface waters. This is 

significant since such tritium must have had to originate from recharge sources with higher 3H 

values than observed thus far in modern surface waters for this region. 

The 3He values reflected this same trend such that a significant number of groundwater 

samples had 3He values far exceeding modem surface waters Fig. 8). The 3He concentrations in 

Figure 8 have been corrected for the excess air component. Even though the 3He concentrations 

were distributed more towards the low end, at least 12 of the groundwater samples had a 

significantly high enough 3He concentration to indicate groundwater ages greater than 1 year 

(see Table 1). The groundwater ages constructed from these data are tabulated in Table 1 and 

discussed in detail below. 
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Figure 8. Distribution of 3He values in surface waters and 
groundwaters of the Forebay. Many groundwaters had significant 
levels of 3He indicating groundwater residence times in these particular 
wells greater than one year (see Table 1). 

Well Types a nd ConstrucDo n 

The groundwater wells sampled for this feasibility study were either monitoring wells or 

domestic production wells. Only 6 out of the 21 wells sampled were monitoring wells with total 

perforation lengths 120 feet, while the remaining wells had total perforation intervals up to 850 

feet. Such large intervals of perforation promoted mixing of groundwater from different aquifer 

levels inside the well casing. These effects were recognized in many of the Forebay samples as 

discussed in detail below. 

DISCUSSION 

Stable Isotoue Variations 

Williams (1994) designated four surface water and groundwater types based on his observed 

stable isotope distribution and they include 1) local, 2) recent, 3) natural, and 4) Colorado River. 

We dispensed with these designations in favor of a more simplified distinction which includes 1) 

water derived from local precipitation and SAR runoff sources, and 2) water derived from the 

Colorado River whose sources are ultimately the Colorado Rockies where the stable isotope 
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signature of precipitation is distinct from the SAR watershed. Both of these water types undergo 

evaporation that causes an enrichment of the isotope ratios. The smaller and geographically 

more limited stable isotope data generated for this study did not correlate in detail with the more 

extensive data set of Williams (1994). They were consistent only in the fact that both studies 

recognized southern California precipitation sources, Colorado River sources, and evaporation of 

both. 

When comparing the stable isotope signatures and the 3H-3He ages of this study, we saw that 

no correlation existed between the ages of the water relative to their graphical position on a 6D- 

6180 plot pig. 9). Since we did not sample a wider geographical region as did Williams (1994), 

we do not suggest that his interpretations are incorrect, rather we were not able to recognize in 

our data his age and space inferences indicated by his categorization of the stable isotope data, 

namely the designations of "local, recent, and natural". 

-55 -j A + 
X 

gu 0 
Figure 9. Closeup view of stable isotope data of non-Colorado River 
sources. No correlation was apparent between the 3H-3He ages and the 
graphical position of the analyses. MWL = Meteoric Water Line. 
Isotopic values are as per mil deviation from the SMOW standard. 
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Most imported water used by agencies upstream of Prado Dam is derived from the Sierra 

Nevada mountains via the California Aqueduct as part of the State Water project. It was 

postulated by Williams (1994) that, if California Aqueduct water had a distinguishable stable 

isotope character, it could be used to identifjr water of wastewater origin in the SAR below 

sewage treatment plant discharge points. However, he found that stable isotope signatures for 

water derived from the California Aqueduct were intermediate to the SAR watershed sources and 

the Colorado River (Williams, 1994). Therefore; given that the mixing of local SAR watershed 

water and imported Colorado River water recharged by OCWD could produce an isotope 

signature similar to California Aqueduct water, it was concluded that the present stable isotope 

data set collected in the Forebay could not be used to uniquely identify water of wastewater 

Origin. 

Two relationships were discerned from the closeup view of the 6D8180 plot illustrated in 

Figure 10. The range in the spreading basin stable isotope data reflected variable amounts of 

evaporated water originating within the SAR watershed. This variation in source water caused 

temporal changes in the stable isotopic character of the SAR, so that the April sample had the 

highest values and the June sample had the lowest. Another example was surface water collected 

from the S A R  below Prado Dam between March and June, which changed in 6D appmximately 

10 per mil and in 6l80 0.4 per mil. . . 
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# 
-8.8 -8.4 -8.0 -7.6 -7.2 -6.8 -6.4 -6.0 

Normally, surface water will be more evaporated in summer months and have evaporative 

enrichments, not depletions. Therefore, the sources of the surface waters were complex and 

changed significantly throughout the year as reflected in their isotopic content. Similar transient 

effects in the 81% were observed in Anaheim Lake and other waters listed in the table below: 

Figure 10. The S A R  (open triangles) changed with time in its stable 
isotope character. Groundwater samples YLWD-11, A-43, AM-6, and 
HG-1 (3/95) (filled squares) clustered around a somewhat 
homogeneous signature of 6 l80 = -8.0 per mil and SD = -60 per mil. 
YLWD-11 and A 4 2  showed no change during the sampling period. 
The "X" symbols are spreading basin waters and the open circles other 
groundwaters. MWL = M W r k  Water Line. 
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Table 2: Temporal Changes in the W O  Data. 
PI2 

SAR below 
Prado Dam 
3/95 
6/95 

-7.5 
-7.9 

Santa Ana River 
3/95 (@ Imp. Hwy) -7.5 
4/95 (0 91 Fwy) -7.2 
6/95 (@ Imp. Hwy) -7.7 
8/95 (@ Imp. Hwy) -7.5 
Anaheim Lake 
3/95 bottom 

6/95 
HG-1 

-7.8 
-7.3 

3/95 
6/95 
8/29/95 
A-27 
3/95 
6/95 

-8.0 
-7.5 
-7.4 

-8:3 
-7.1 

Groundwater from wells YLWD:ll, A-42, and A43 showed no change in their 8180 values 

during the study period, while wells A-27, ABS-2, SID-4, and HG-1 varied significantly over the 

same time period. Wells A-43 and A42 are drilled deep adjacent to Anaheim Lake (A-43 

screened 530-1210 feet and A42 screened 430-1 180 feet) and were isotopically similar to well 

YLWD-11. Well YLWD-11, though, is adjacent to Conrock basin and shallower (screened 115- 

514 feet). Wells A-27, ABS-2, SID-4, and HG-1 are all adjacent to surface recharge points and 

are completed at shallower depths (see Appendix 1). These wells showed variations in 8180 

similar to their adjacent recharge centers. For example, well A-27 increases in 8180 

simultaneous with increases in Anaheim Lake. In contrast, wells A-42 or A-43, which are also 

next to Anaheim Lake, appear to be too deep to be significantly influenced by Anaheim Lake 

SID-4 

3/95 
8/95 
ABS-2 
3/95 
8/28/95 
YLWD-11 

3/95 
6195 
A42 
3/95 
6/95 
8/95 
A43 
6/95 
8/95 

-7.2 
-6.5 

-9.4 
-7.6 

-8.0 
-8.0 

-8.2 
-8.2 
-8.2 

-8.0 
-8.1 
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recharge. These transient isotope values limit an interpretation of the groundwater sources with 

only a single sampling suite. Time series analyses of the same surface water and groundwater 

sampling sites over the course of at least a year will be necessary to understand the total 

contribution from each source. It is expected that groundwaters within a relatively close 

proximity to surface recharge facilities will, within a certain lag time, mimic the transient isotope 

signatures in the surface wateq the further downgradient from the recharge facilities, the greater 

the chance that subsurface mixing and dilution will eventually obscure any isotopically distinct 

recharge pulses. 

3&3He Variations 

Two significant observations were made regarding the 3H and 3He data: 1) all samples had 

measurable tritium and none had concentrations below 13 pCi/L; 2) the 3He contents of the 

groundwaters were significantly high, even after subtraction of the excess air contribution. A 

qualitative result of the 3H and 3He data was that many of the groundwaters sampled had 

measurable ages. The ensuing discussion will focus on the quantitative determinations of the 

groundwater ages and the method of calculations therein. 

As discussed earlier in this report, the construction of the groundwater ages begins by 

comparing the amount of 4He measured in the water sample relative to what is expected for 

water in equilibrium with the atmosphere. The difference will be the excess air component. We 

can see the distribution of excess air in Figure 11 where the ratio of 4He measured in each 

sample to the 4He expected in equilibrium is presented. 
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Figure 11. The 4Hemeas/4Heqd ratios of the samples showed that a 
large excess air component occurred in many of the groundwaters 
where ratios exceed unity. The amount of excess air was measured 
directly from the amount of the ratio above one. This method assumes 
no radiogenic 4He accumulation to a significant level. 

Note that the excess air component in many of the groundwaters of the Forebay was very high, 

for example wells 0-23 and EOCW-E, down-gradient of the Santiago Basin, whose excess air 

was nearly 5 times the equilibrium component of 4He. We suggest that this was due to the 

periodic drying of the spreading basins and incorporation of vadose zone air when recharging 

resumed. 

Below is tabulated helium isotope data for sample AM- 10 that demonstrates the relative 

amounts of each isotopic species and the total error in the age calculation for this sample. 
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Table 3: Relative Concentran 'ons of the Different Helium Isotope Sou rces for Well AM-10, 

SDecies Concentration (atoms/? H-@ 

3 ~ m e a s  4.23 x 106 
4*meas 3.12 x 10l2 

4He@ 1.19 x 1012 

3=e!qUil 1.65 x 106 

4Heexcess 1.81 x 10l2 

4=lad 1-25 x 1011 

3eexcess 2.44x 106 

3J331ad 8.46 x 103 

--------_--_--------------- 

3He& 1.32 i o ~  *7.00 104 

3W(3H$Hee) 0.872 

3H-3He age 2.46 years k1.32 years 

NO% sample co~~ected in 4/95. 

Note that the 3Hew is only -3% of the total 3He measured. The uncertainty in the tritiogenic 

3He is -50% and as a result, the calculated age has a comparable uncertainty. The uncertainty 

results from the analytical error and, in particular, the large contribution from the excess air term. 

Sample AM- 10 has a radiogenic 4He component amounting to only 4% of the total 4He. 

Also, samples AM-10 and F-AIRP are the only two samples where the measured 3HepHe ratios 

were smaller than ratios in equilibrium with the atmosphere, indicating a radiogenic 4He 

component (Table 2). All other samples had measured 3HdHe ratios at or higher than 

atmospheric equilibrium ratios, indicating a predominance of young water with a 3He~t  

component. 

The 3H-3He ages were further validated by comparing them to the calculated initial tritium 

concentration (3H0) at the time of recharge as seen in Figure 12. The 3Ho concentration was 
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calculated by adding the 3Heb,it to the measured 3H concentration. The resultant fim indicates 

that 3H0 increased as the 3H-SHe-dexived water age increased. The data distribution generally 

followed the atmospheric decrease of fallout 3H in precipitation over the past 30 years (see Fig. 

3). The data in Figure 12 suggested that the 3H concentration in the recharge water of the 

Forebay 30 years ago was approximately 175 pCi/L, or around 12 times greater than is observed 

in the Forebay surface waters today. This 3H level was consistent with the estimated fallout in 

southern California in 1965 (-250 pCi& Michel, 1989). 

0 

Figure 12. The 3H-3He ages plotted against the initial 3H as calculated 
from the addition of the 3Hetrit and the measured 3H concentration. 
Note that the initial 3H haeased with time suggesting that fallout 3H 
concentrations in local precipitation 30 years ago was -12 times the 
modern concenh-ation. 

Groundwater Mixing 

Well construction was found to be a major influence on the isotope results. Most influential 

was the mixing of groundwaters from different aquifer layers due to multiple or long perforation 

intervals. Fifteen out of the 21 wells sampled had individual perforation intervals totaling 290 

feet. As a result, the potential for mixing of different groundwater masses was high. 

Groundwaters that showed evidence of mixing in the well casing were partially delineated by 
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comparing the 14C concentrations to the 3H concentrations in the Forebay samples (Fig. 13). If 

measurable 3H levels occur in groundwaters -40 years of age or less, then the I4C content should 

be 100 pmc +15 pmc. Some reaction of the dissolved carbon with older carbon in the soil zone 

was expected to lower the 14C content of the groundwater, but for "bomb-pulse" recharge the 

14C should have either been near or greater than 100 pmc. Figure 13 shows that five of the 

samples have appreciably low 1% contents even though they had significant 3H contents. The 

lowest 14C concentration occurred in well F-AIRP, a production well six miles downgradient 

from the OCWD recharge facilities. Since its perforation interval spans 435- 1080 feet below the 

surface, the 3H and 14C clearly indicated a mixture of an ancient water component (estimated at 

2000 years old) with a modem water ( 4 0  years old). 

151 
F-AIRP 

Figure 13. Five of the groundwater samples collected from Forebay 
production wells with long perforation intervals showed mixing 
between a modem groundwater with measurable 3H and an ancient 
groundwater with no 3H, but an appreciably low 1k content 

Two types of mixing must be considered at this point: 1) mixing between a modern water 

with measurable 3H and an ancient water with no 3H, and 2) mixing between a modem water 

with measurable 3H and a less modem water that has less 3H but a significant 3€€etrit content. In 

the first mixing case, the ages calculated from the 3H and 3 H e ~ t  would not be influenced by the 
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dilution with the ancient water because the relative proportions of 3H and 3Het,it will not change 

significantly during the mixing process. This is the case with groundwater of the Talbert (Santa 

Ana) Gap, where younger waters introduced through O m ' s  injection wells were clearly 

distinguished from non-injection water and age-dated with a relatively high degree of accuracy 

(Hudson et al., 1995). In the second case, though, mixing of the two types of waters would cause 

the relative proportion of the 3H and 3 H e ~ t  to change and the resulting age calculation would 

reflect an average of the mixture. That average mixed age would be a function of the total 

dissolved 3H and 3Hebrit in each mixing end-member. There is not enough data at this point to 

define the mixing end-members' 3H and 3 H e ~ t  contents. 

The extent to which mixing of the second type occurs in the Forebay groundwaters may be 

significant and is qualitatively illustrated in Figure 14 where the 3HdHe ratios of the 

groundwaters are compared to the total depth of the perforations represented as an addition 

between their minimum and maximum levels. A net positive correlation existed with a 

correlation coefficient of 0.67. The trend suggested that at deeper depths higher 3HePHe ratios 

are encountered. Higher 3HePHe ratios would indicate there may be an older modern water with 

a significant 3Hetrit component. These deeper waters could mix with shallower younger 

groundwaters and result in an "apparent" 3H-3He age calculation. 
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Figure 14. The 3 H d H e  ratios of the Forebay groundwaters appeanxl 
to increase with increasing perforation depth. This suggested that a 
more 3He~ i t  abundant groundwater component was mixing with a 
more modem groundwater and resulted in "apparent" 3H-3He age 
determinations. 

One conclusion that may be drawn from the evidence presented in Figures 13 and Figure 14 

is that groundwaters and their corresponding ages are stratified in the Forebay region. Sampling 

for isotopic analysis of the groundwater from discrete depth intervals in the Forebay region 

would greatly enhance the resolutionaf groundwater flow rates and their directions. 

FINDINGS AND CONCLUSIONS 

Feasibility of Stable Isotope Source Indicators 

Two general sources were discernible using stable isotopes of 180 and deu ~rium: 1) water 

derived from local runoff and SAR discharge that grouped in a general cluster on a 6D-6 l*O plot 

where considerable overlap existed between surface water and groundwater values, and 2) water 

derived from the Colorado River which had depleted stable isotope signatures and mixed 

substantially with four of the groundwaters sampled. Both of these general sources had 

undergone variable degrees of evaporative enrichment of their stable isotopic values. The 
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Santiago Basin water was more evaporatively enriched than the other local surface waters 

sampled and could be distinguished in adjacent groundwaters (SID-4, OPWC, 0-23, and EOCW- 

E). No further source details were ascertainable in the SAR and the Anaheim Lake recharge 

areas due to the limited data collected thus far. There were significant changes in the stable 

isotope values of surface waters and some shallow groundwaters during the relatively short 

sampling period. Other groundwaters showed no changes during the sampling period. The 

short-term changes in the stable isotope values may be useful as a tracer of inputs from local 

surface water recharge, but requh at least one year of monthly data collection of the surface 

water and groundwater of interest. The groundwater sampling sites where no changes were 

observed in the stable isotope values should also be monitored to search for longer term changes. 

At this time it is not clear whether stable isotopes will definitively determine the exact recharge 

sources (e.g. reclaimed water) of each groundwater sampled in the SAR and Anaheim Lake 

recharge areas, due primarily to the complex mixing occurring there. Any Colorado River 

inputs, though, will be easily discernible with the stable isotopes. 

Feasibilitv of Age Lndicato rS 

The 3H-3He dating technique successfully demonstrated ages of unmixed Forebay 

groundwaters with an uncertainty of fl years. Many of the groundwaters sampled had 3He 

concentrations that were demonstrably a result of tritium decay and showed that groundwaters up 

to -30 years old occurred in the Forebay area. The dating technique is vdidated by 1) the low 

abundance of any radiogenic 4He contribution that caused uncertainties in excess air 

determinations, and 2) a reconstruction of the "bomb pulse" curve from the measured 3H and 

3Hem concentrations that showed the calculated fallout 3H levels -30 years ago were 

comparable to observations made at that time. 

The 3H-3He ages were likely averaged among several aquifer layers in production wells with 

long perfomtion intervals. Seventy percent of the wells sampled had perforation intervals 290 

feet. Mixing was observed between ancient groundwaters (-ZOO0 years old) with lower 14C 
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contents and modern groundwater with measurable 3Ic Evidence also suggested mixing between 

modern water and older modern water which both had measurable tritium and 3He. The latter 

mixing compromised the dating technique and resulted in an "apparent" age that was a function 

of the mixing end-members. We also cannot rule out that similar mixing was also occurring in 

wells with low 14C contents. A definitive conclusion from this evidence was that groundwater 

ages and hence, groundwater flow is stratified and discrete depth sampling would watly 

enhance information on the groundwater flow rates and directions. 

The 3H-3He dating technique in the Forebay does not produce ages resolvable at the 0-2 year 

age range. Supporting noble gas data (Le. neon, argon, krypton, and xenon) may in some cases 

better the age resolution. Most of the uncertainty, though, was a result of the analytical 

resolution of the 3J3eht concentrations qnd the contribution from excess air. 

RECOMMENDATIONS 

As a result of these studies on the feasibility of isotope measurements in groundwater 

resource evaluations in the Forebay, the following recommendations for further investigations 

are suggested 

Monthly sampling of surface water and groundwater in the Forebay where transient isotope 

effects were observed, which include: the SAR at Imperial head gates, Anaheim Lake collected 

at the western edge, Santiago Basin (Bond Pit) collected on the southwestern edge, HG-1, 

OPWC, SCWC-PLJ2, A-27, ABS-2, A-42, A-43, SD-4, and YLW-11. We recommend that a 

sample for l80 only be collected and analyzed since these are the fastest and cheapest 

measurements to make. The goal is to build a 180 profile of monthly variations in these water 

samples and attempt to correlate the groundwaters to surface water input values. 
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Sample two Westbay multipoint wells (AMD-1 and AMD-2) for stable isotopes over the 

entire sampling depth. These data will provide a clear indication to the extent of stratification of 

the isotope signatures in the Forebay aquifers. 

depths in each well is recommended. These data will provide an indication of the extent of age 

StraMication in the Forebay aquifers. This information will provide direct evidence for the 

extent of stratified flow in the same aquifers. 

Sample wells AMD-1 and AMD-2 for 3H-3He age dating. Sampling of at least four discrete 

particularly for groundwater flow information, should incorporate samples from other depth- 

specific wells. This may include depth-specific sampling of production wells by moving pumps 

aside and accessing downhole with remote samplers. The information collected from discrete 

depth sampling should be superior to the mixed samples from the production wells with long 

perforation intervals. 

Depending on the results of the multipoint sampling, future sampling for isotopic analyses, 

A tracer experiment should be conducted to determine transit times of recharged water to 

groundwater discharge points. Sulfurhexafluoride and noble gases are two conservative tracers 

that are non-toxic and only require low concentration. The tracer can be introduced such that the 

initial concentration is well characterized. The goal would be to determine arrival times of these 

tracers at adjacent wells and to determine the extent of dilution during groundwater flow. 
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Appendix 1 
Helium Isotope Abundances in Groundwater Samples 

3Hd4He meas/ 4He mead 3He* min +- 3H(pCi/L) Aae(min) +- - .  - 
3Hd4He water 4He qui1 

water std 1.004 1 .o 6.12E43 1.22E44 
water std 
water std 
water std 

Conrock Basin 
Anaheim Lake 
SAR@imperial 

F-AIRP 
A-47 

scwc-PIJ2 
AM-9 
AM-10 
AM-7 
AM-6 

HG- 1 
ABS-2 
KB- 1 
A-27 (March) 
A-27 (June) 
A-42 
A-43 

YLW-5 
YLWD-11 (March) 
YLWD-11 (lune) 
YLWD-15 

SID-4 
SID-3 
0-23 

1.001 
1.004 
1 .Ooo 

1.001 
0.999 
1.002 

0.905 
1.221 

1.035 
1 .Ooo 
0.990 
1.013 
1.024 

1.016 
1.037 
0.998 
1 .od2 
0.998 
1.441 
1.206 

1.236 
1.034 
1.031 
1 .Ooo 

1.033 
1.045 
1.339 

1 .o 1.25Ei-03 
1 .o 6.76E43 
1 .o -8.13E+02 

1 .o 
1 .o 
1.3 

9.56Ei-02 

3.72Ei-03 
-2.06Ei-03 

1.6 -2.44E+05 
1.5 5.47E45 

2.0 1.13E45 
2.8 - 1.49Ei-03 
2.6 -4.09E44 
2.9 5.95EN4 
2.9 1.15E+05 

1.1 
2.6 
2.4 
2.6 
1.8 
2.0 
2.0 

2.80E+04 
1.58E+05 

7.07E+03 

1 M E 4 6  
6.71EM5 

-8.02E43 

-4.54E+03 

1.6 
2.0 
2.1 
2.0 

6.36Ei-05 
1.1 1E+05 
1.06E+05 

-6.378+02 

2.4 
3.7 
4.9 

1.31E+O5 
2.76E+05 
2.69E-46 

1.22Ei-04 
1.22Ei-04 
1.22E+04 

1.23E+04 
1.26Ei-04 
1.63E+04 

1.91E1-04 
1.84Ei-04 

2.42Ei-04 
3.36Ei-04 
3.20Ei-04 
3.53Ei-04 
3.53Ei-04 

1.28E+04 
3.18E+04 
2.98E+04 
3.1 1E-44 
2.21Ei-04 
2.43Ei-04 
2.42E-44 

2.0(1E+04 
2.42E+04 
2.50Ei-04 
2.43E44 

2.92EtO4 
4.53E+04 
5.91E+04 

16 
15 
15 

15 
14 

43 
34 
43 
21 
26 

18 
25 
20 
21 
19 
41 
35 

34 
22 
23 
28 

20 
20 
32 

0.1 
-0.1 
0.2 

NA 
18.9 

2.1 
0.0 

-0.8 
2.3 
3.4 

1.3 
4.7 

-0.3 
0.3 

-0.2 
17.7 
11.7 

11.4 
3.9 
3.6 
0.0 

4.9 
9.1 

28.9 

0.: 
0.: 
0.5 

1 .t 

0.5 
0.E 
0.; 
1 .L 
1.1 

0.C 
1 .c 
1 .f 
1 .? 
1 .c 
1 .? 
0.8 

0.8 
0.5 
0.5 
0.7 

1 .z 
1.7 
3 .c 1 EOCW-E 1.204 4.7 1.58E+06 5.77Fii-04 27 23.9 2.4 

NA - not applicable, F-AIRP has a significant contribution from radiogenic 4He. 
3H concentration of KB-1 was not measured, 20 pCilL is an assumed value. 



Appendix 1 FY95 Fektibility Study Data 

I i i i 
i i 

I RcM Marurcrneots 

Well Samplc Name Dab WeIYSurI.a W i l a  Wiler 3tI 1 4 c  DIC 13C 180 m Do Alk T (OC) Dn Reld EC 
pmc HCOS m Be!d flrld (umbdcm) w m  Sampled hrormrua pcrlonllon Ut) PCYL 

( m f i )  c.co3) 

A-nl l  3rd-3/9/95 pductuicn well 197-281 21 115 214 -10.6 -8.3 48.0 18.0 7.42 93 I 
A.2711 6/19 - M W  19 221.0 -9.6 -7.1 -51.0 <I 190 20.9 7.17 92 I 

21 2M) 24.5 ~ 7.11 942 
7.55 1004 A-42/1 38.319195 pductionwell  43C-1180 41 103 223 -11.3 -8.2 47.5 1 190 19.2 

no -11.0 6 . 2  -53.0 4 I 80 19.7 1.49 1018 A-4211 6/19-6n6/95 
6 / 1 9 - 6 n m  production well 530-1210 35 -8.0 -59.0 1.5 200 20.0 7.16 1079 A.4311 

A-4311 Ann95 
3/8-u9f95 pduction well 482-1375 14 84 181 -10.2 4.5 40.0 3 160 19.5 7.97 554 

mcnitdne. well 155-1155 25 102 130 -11.7 -9.4 -71.0 19.3 a50 928 
A-47/1 
ABS-211 3B-rn195 

8/28 - mom Cl 200 24.5 9.11 852 ABS-2II 
AM-IO/I 

4,2585 moldmint well .. 232-250 26 99.3 212 -10.4 4. 1 4Q0 C l  180 20.6 7.99 1020 A M 4 1  
WI9 -6nm moniidna well 210225 21 181 +11.7 -7.7 -58.0 Cl 180 21.1 7.29 810 AM-711 

AM-911 6119.M6195 mcnitainiwdl 281-303 34 ' 185 .a5 -9.5 -74.0 5.3 150 21.3 697 1042 
EWW-VI 4125195 production wcll 315-450 n 77.8 196 -11.5 -7. I 45.0 7 180 23.8 7.54 1011 
FAlRPll 4 ~ 5 8 5  (near Fulknon Airoon) Rudwtion Well 435-1080 21.9. 7.64 736 

3B-3,9195 I5 62 206 .11.8 -7.9 -520 1 1 80 21.7 1.76 743 
FA1 RPII 8 /28 .  e m 9 5  < I  n.8 7.85 172 
FAIRP/I 

40-60 : I8 IM 181 -1a9 -8.0 61.0 15.9 7.61 846 
236 -126 .7.5 -51.0 <I  215 20.9 7.06 906 

H 0 . I  3B.319195 moldloring well 

1073 
UO.1 6'19.626% ~~ ~~ ~~ ~ I W -  
u0.i 8/28.  mom Cl 230 23. 1 695 
0.2311 4nws production well 370-640 32 84.9 195 .10.8 4.9 -520 6 180 21.6 7.79 968 
OpWc/I  4R5195 production well 315-760 20 87.3 198 .10.1 4.8 -5s.o 5 190 20.8 a21 1034, 
SCWC-pLt2Il 4n519s mcduction w d  402-492 43 152 -63 -10.5 -87.0 3 1% 21.9 7.45 1084 
SID-311 4RSf95 production wen 296-584 23 101 227 -125 -7.2 -520 <I 190 21.5 7.34 977 
SID-311 8/28. mom 1.1 180 18.6 7.20 936 
SlD-4/1 3/8-319195 production well 290420 24 101 n 4  -12s J . 2  -525 3104 235 20.7 682 1 I89 
YLWD-IIII 38-319195 poduction well 115.514 22 103 226 -11.3 -a0 -59.0 1.5 2 10 18.7 a10 1010 
YLWD-Ill1 6/19 ~ dRW5 23 -8.0 47.0 <I  190, 18.6. 7.37 1043 
YLWD-I511 6/19.6/2W production well 28 225 -8.0 41.0 +I  180 19.31 7.74 957. 
YLWD-SI1 6/19 ~ 6 R W  production well 90.340 34 6.0 -59.0 Cl 180 19.3) 7.46 1057 
KB.1 6/19 - 6nW mordtorine. well 20 103 212 .9.3 4.9 -54.0 0.3 192 19.6) 7.40 919 

A4711 8/28. 8oom ~~~~ - -~ 

412595 monitaing well 211-235 43 9 6 9  187 -8.5 .9.7 -79.0 3 145 20.5 7.39 145 

Surface Waer Sample Name 
Anaheim Lakc 8/28. mol95 8.5 200 26.7 8.40 1020 

AnahtimL&*lO 6/19 - dRW 104 229 -mi -7.3 12 230 26.9 8.14 907 

Duck Pond Rad0 38-3n195 1% 106 107 -8.0 4.0 -57.0 

Anaheim Lakc Boltom 3n-319195 AnahehL& Bollom-lZSm I8 107 169 -9.3 -7.8 460 4.5 180 16.1 734 855 

.Comock B h  b U a 0  3B.319195 Conmk Basin. 12.8111 I6 103 215 -11.0 4.9 190 16.3 7.71 950 

Duck Pond above Rad0 En8 - mom 7.0 2% 30.2 7.96 1057 
Kraemcr B h  6/19 ~ 626195 236 -7.3 -51.0 1.5 190 22.3 7.58 910 
Mill Creek @ Willman 3/8-mm -8. I 44.0 
~MillerBasin 6/19 -6nW 106 237 -9.7 3.1 -520 127 200 23.5 a 3 7  914 
SAR below Prado 38-319195 19 106 92 -68 -7.5 -50.0 
SAR below Rad0 6/19. M6'9S -7.9 4 Q O  7.7 170 19.4 7.16 7.55 
SAR klw Prado 8/28 -mons 1.0 190 22.8 7.66 1c07 
Santiago BaPin W 1 9 - M W  1 03 136 -1.6 6.3  -415 >20 200 27.3 9.52 815. 
SantiaRoBasin 8n8. Wl95 6.0 1f4 25.4 9.00 SSP 
SAR 91 4 m 5  B W 9 I  24 103 220 -10.0 -7.2 -520 >12 180 23.2 a 4 3  I\M 

SAR-IMP 3/8-m195 Sanla Ana River e lmpwirl Hwy 14 103 123 -1.4 -1,s 47.0 7.60 
SAR-IMP 6/19.62W 0 Imperial Hwy 162 -9.8 -7.7 57.0 11.1 I 80 19.8 7.60 8 5 9  

SAR-IH 3B-W195 Sanla Ana River B Imptial Headraten-Ol -7.5 -54.0 9 125 16.0 7.11 426 

ISAR-IMP 8/28 - W195 I Sanh Ana River 8 Imprial HT I I 8.0 190 28.1 aos 1 "J 



APPENDIX 2 

LLNL Isotope Sciences Division 
Water Sampling Protocol 

The following are procedures to collect water samples for stable isotopes, tritium, 
and noble gas. 

Sampling supplies and equipment needed for each sampling site are: 
1 one 30mL glass bottle with poly-seal lined cap 
2. one liter glass bottle 
3. three copper tubes - 15-1/2” long 
4. six metal copper tube pinch clamps 
5. at least two pinch clamp bases 
6. plastic tubing with hose clamps 

Stable isotopes 

1. Rinse a 30mL glass bottle (with poly-seal lined cap) with sample water. 
2. Fill the bottle with the sample water. It is okay to leave a head space in the 
bottle. 
3. Make sure that the bottle is tightly capped. 
4. Label the bottle. 

Tritium 

1. Attach the plastic tubing to the outlet. Rinse off the dirt on the tubing by 
using the water coming out of the tubing. Do not rinse the bottle before 
collecting the sample. Insert the tubing near the bottom of the bottle. Fill a one- 
liter glass bottle with a laminar flow, preventing as much bubbling as possible. 
Let the water over flow the bottle by at least two bottle volumes. Pour out a little 
of the water to provide about a one inch head space. 
2. Cap the bottle tightly. 
3. Label the bottle. 

glass bottle 



Noble Gas 

Three noble gas samples should be collected from each site. Do the following 
three times. 
1. Use a hose clamp to attach a two to five foot (can be longer if necessary) piece 
of plastic tubing (approximately the same diameter as the copper tubing) to the 
discharge point so that no air leaks into the flow line. Note: See the diagrams 
below for both types of wells. Some production wells may have garden-type 
hose fittings at water quality sampling points. Use the garden hose connector or 
large diameter tubing that has been adapted to smaller diameter tubing instead 
of a hose clamp. This may require muliple pieces of tubing to adapt to the 
proper size. 
2. Using a hose clamp, attach the tubing to the copper tube assembly. 
3. Use a hose clamp to attach a ten to fifteen foot piece of plastic tubing 
(approximately same size as the copper tubing) on the other side of the copper 
tube assembly. 
4. Flow the sample water through the copper tube assembly. If air bubbles cloud 
the flow line, increase the flow rate until they clear. Note: It is important to apply 
some back pressure when sampling Production Wells. Either use an adjustable 
clamp or tie the tubing into a loose knot (see the diagram below). Increase the 
flow until the pressure increases and the tubing swells. 
5. Remove air bubbles from the line by holding it upright, and hitting the plastic 
tubing and copper tube assembly. 
6.  With a ratchet wrench, very tightly clamp the down stream end of the copper 
tube assembly. When a cold seal is formed, the pressure in the line will expand 
the plastic tubing. The valve to the discharge line can be closed at this point as 
long as no air is introduced (or pressure lost) before the second clamp has been 
tightened. Note: It is important when using a submersible pump that some of 
the output is released to another port so that the pump is not damaged when the 
clamps are tightened. 
7. Clamp very tightly the up stream end of the copper tube assembly. 
8. Double check the tightness of both clamps. 
9. Remove the plastic tube. 
9. Label the copper tube. 
10. Separate the copper tube and clamps as one piece from the clamp base. 
Attach a new set of clamps and a copper tube for the next sample. 

See the following page for the diagram of monitoring and production well 
sampling. 



Monitoring Well with Submersible Pump 

copper tube 
hose clamps 1 hose clamp 

I I 

long hose (about 10 to 15 R) 
I sampling truck copper tube assembly 

Production Well 

copper tube assembly 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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