
1997 Dye Tracer Test 

Slug Injection in MW 5 while conducting pump test at PW-1. 

PW-1 was pumped at a fairly constant rate of 130 gallons per minute. 

Tracer Inputs: Rhodamine WT 
Eosin 
Br 

Estimation of tracer inputs: 

10g (50.00g of 20% sol'n) 
10g (28.57 g of 35% sol'n) 
500g (643.84g NaBr) 

A rough estimate of tracer concentrations in the pumping well can be obtained by 
estimating the dilution into the volume of water defined by a cylinder with a radius equal 
to the distance between the pumping well and the injection well. The input concentration 
is simply the saturated volume of the injection well. The "pumping cylinder" has a 
volume nR2T where T is the saturated thickness. The volume of water is found by 
correcting for porosity of the aquifer producing V2 = p • nR2T. Using the mass balance 
equation C 1V1 = C2V2 and solving C1 with V1 = volume of injection well and C2 the 
desired output concentration you can estimate the amount of tracer to inject. 

Injection 
Well 

R 

Pumping 
Well 

MW5 is a 2" well with 5ft of water 
V 1 = 5 • 12 • 12 n • 2.543 

V1 = 3.1 liter 

For MW5 to PWl R = 14.35ft 
V2 = 0.25 • n (14.35)2 • 40 
V 2 = 6,500 ft3 

V2 = 184,000 liter 

For the fluorescent dyes detection limits are about 1 Oppt with a target concentration of 
about 50ppb: 

g dye= 50 x 10·9g dye / g H20 • 1.8 x 108 g H20 = 9 grams 

For Br tracer the detection limit is 0.05ppm and the target concentration is about 3ppm. 

NaBr has 102.89 g/mole of which 77.7% is Br. 
500g Br= 644g NaBr which in 1.8 x 108 g H20 is 2.8ppm Br 



Dye Tracer Test Exercises 

1 .  Using the attached table of reported tracer concentrations, calculate the fraction of 
each tracer recovered. The following formula can be used to calculate the total 
mass of tracer recovered. The fraction recovered is then the total mass recovered 
divided by the input mass. Be careful with unit conversions in both volumes and 
times. 

where: M = mass of tracer 
Q = flow rate 

M = Q f C(t) dt 

C(t) = tracer concentration as a function of time 
t = time 

notes: concentrations are in ppb of dye which is equivalent to g dye/ 109 g H20 
and ppm Br = g Br/ 106 g H20 

2. Were equal fractions of each tracer recovered? Bromide (and chloride) are often 
used as conservative tracers. The fluorescent dyes are large organic molecules 
that have at least some potential for adsorption. Rhodamine WT is actually 
composed of two isomers. Is there any evidence for retardation of some of the 
Rhodamine WT? 

3. Plot the tracer breakthrough curves (concentration versus time). Ideally the tracer 
should be input as a single spike of infinite concentration with no width in time. 
In practice the dye is diluted to a manageable input concentration and injected 
over a small time interval which was actually how fast we could pour it down a 
1/2 inch garden hose. The garden hose was used to keep the well casing as clean 
as possible. To help ensure complete injection the dye containers and injection 
hose were rinsed with a second slug of dean water. Is there any evidence for a 
secondary pulse in the breakthrough curves? How might you improve the 
injection process to achieve a more ideal spike input? 



Date Time hours Eosin RWT Br 
after input ppb ppb ppm 

97-08-13 12:45 -0.55 0.06 0.02 <0.015 

97-0-8-B 13:45 0-.45- 0..06 0-.02 <0..0--15 

97-08-13 14:30 1.20 0.06 0.02 

97-08-13 15:21 2.05 0.06- 0.02 

97-08-13 16:21 3.05 0.06 0.02 <0.015 

97-08-13- 18-:17 4.98 0-.06 0.02 

97-08-13 19:15 5.95 0.06 0.02 

97-08-B 20:15 6.95 0.06- 0.02 <O.Q15 

97-08-14 14:15 24.95 0.06 0.02 <0.015 

97-0S-14 15:16 25.97 7.17 2.40 056 

97-08-14 16:20 27.03 11.57 6.38 0.69 

97-08-14 17:3.0 2&-20 22-24 11.06 122 

97-08-14 18:15 28.95 19.45 11.30 0.95 

97-08-14 19:16 29.97 14.17 833 
97-08-14 20:20 31.03 12.96 7.18 0.65 

97-08-14 21:22 32.07 17.05 8.99 

97-08-14 22:26 33.13 18.77 9.81 0.92 

97-0&-14 23: 15 33-.95 16-,9-2 9.77 

97-08-15 00:15 34.95 13.58 8.13 0.6 

97-08--15 01:15 35.95 11.11 6A8 

97-08-15 02:15 36.95 9.20 5.72 

97-0-8-15 03-:00 3-7-.70 9.12 5.9-3- 0-.53 
97-08-15 04:00 38.70 9.50 5.69 

97-08-15 05:00 39-70 8-.83 5.74 

97-08-15 06:00 40.70 7.27 5.07 0.32 

97-08-15 0-7:00- 41.70 6.03 4.88 

97-08-15 08:00 42.70 5.17 5.25 

97-08--15 09:00 43.70 4.66 5.68- 022 

97-08-15 10:00 44.70 4.34 5.96 

97-08-15 11:00 45.70 3-.93 6.01 
97-08-15 12:00 46.70 3.81 5.79 0.18 
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Univ. of Minn., HYDROGEOLOGY lFIELD CAMP, Geo 5112 

OBJECTIVE: 

Water Sampling Field Exercise 

Instructor: Calvin Alexander 

Most environmental monitoring involves measuring the chemical content of one or more 
materials. Groundwater monitoring often involves determining the concentrations of several 
chemicals in water samples obtained from wells. In some situations, springs or seeps are also 
sampled. The hydrogeologist's tasks typically involve: 

1) pumping or bailing the well to obtain a representative sample. 
2) measuring varying suites of field parameters. 
3) collecting the samples. 
4) documenting and transporting the collected samples to laboratories. 

In general, the analysis of the samples is done in approved laboratories. The hydrogeologists' 
tasks may also include: 

5) analysis of the results of the chemical (including QA/QC checks). 
6) interpretation of the results. 
7) communication of the results and interpretation to clients and/or responsible agencies. 

In many situations steps 1) through 4) must be conducted according to rigid, externally supplied 
protocols. 

In this exercise we will sample a water supply well, a monitoring well and a ssurface site 
for field parameters (conductivity, temperature, pH, eH, and dissolved oxygen [DO]), alkalinity, 
and dissolved cations and anions. You will report during camp, the results of your field 
measurements and alkalinity titrations. We will provide cation and anion samples with 
associated field parameters analyzed by the previous field camp. 

PROCEDURE: 

Well stabilization: The goal of most sampling is to obtain data that represent conditions 
in the aquifer. The concentrations of many chemicals can be altered by a variety of physical, 
chemical and biological process within the well or due to construction of the well. These 
alterations proceed at various rates. For most parameters, the well is first bailed or pumped to 
remove stagnant water. In theory, the removal of all of the stagnant water in the well would 
result in the well filling with fresh water from the aquifer. In practice, it is impossible to remove 
all of the water from the well at once. Mixing of the stagnant water with the aquifer water 
requires that more than one well volume of water must be removed. There are two different 
philosophies for determining when the stagnant water has been removed. Either some fixed 
number of well volumes of water are removed (3 or 5 well volumes are common numbers used 
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by regulating agencies) or water is removed from the well until the field parameters stabilize. 
Both approaches have strengths and weaknesses. 

Stabilization by removal of a specific number of well volumes requires that the volume of 
the well be known and that the volume of water removed be measured. The volume of water in a 
well is the height of the water column in the well times the cross sectional area of the well: 

volume = re r2 h 

were r is the radius of the well and h is the height of water. For a 2" well, the volume of water 
(in gallons) is 0.163 x h (in feet). 

We will pump MW 5 for some large number of well volumes. MW 5 was used a dye 
injection well in a 1997 pump test. The water within the well bore is still bright red. By 
pumping a known rate we can monitor the concentration of the dye over several well volumes. It 
is hypothesized that the dye is mainly present in the well bore. If this is the case the water should 
become noticably less pink after a few well volumes. If, however, the pumped water remains red 
for a large number of well volumes that may be telling us that there is still dye in the surrounding 
aquifer materials. 

We will set up and record the amount pumped, time, temperature, conductance, pH and 
redox potential (eH). Hand samples will be collected in glass vials at periodic intervals for later 
analysis. Watch for stabilization of as many parameters as possible. After pumping some large 
number of well volumes we will collect samples for alkalinity, cation and anion chemistry. 

A surf ace site needs no stabilization but the chemical and phyical characteristics of some 
springs, particularily in karst and fractured aquifers, may change on the time scale of sampling. 

2) Measuring field parameters: See Field and laboratory manual 
Conductivity: various meters. 
Temperature: Mercury thermometer and digital meter. 
pH: pH meters, two point calibration 
eH: electrode on pH meter 
DO: Hach titration 

Record final data on individual sample sheets. 

3) Collect cation, anion, and alkalinity samples: See Field and Lab manual. 

We will collect two cation and anion samples from a monitoring well, a water supply well 
and a surface site. Each individual will collect an alkalinity sample from one site. 

All samples should be clearly labelled and placed in a cooler. 

alkalinity: modified Hach titration, mass or volume based. 
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Water Sampling Field Exercise Deliverables: 

Turn into Calvin by breakfast the next morning: 

1) A completed sample sheet that includes field parameters and duplicate or triplicate 
alkalinity titrations from each student. Make sure your name is on your sheet. 

2) A group data set from the stabilization test with each group member's name on the 
group data set. 

3) A few paragraphs summarizing the well stabilization test. Note how many well 
volumes it took to reach stable field parameters (What would the optimal sampling time have 
been). Where there differences between the various field parameter's stabilization times? What 
are possible causes? Discuss the reasons for varying stabilization periods for monitoring wells 
and regularly pumped water supply wells. 

4) Using the water chemistry from Pumping Well #1 collected in 1997 make a report of 
the water chemistry listing each analyte, to an appropriate number of significant figures. 
Calculate a charge balance for the sample. Watch out for any analytical problems. 
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Hydrogeochemistry Lab, Dept. of Geology & Geophysics, Univ. of Minnesota, Field and Lab Methods 98/09/03 

Name: Date: 
Unique#: Time: 
Depth/ Aquifer: Samplers: 
Location: T R S Q UTM East UTM North 

.Temp: °C pH: Cond: µmho/cm Redox: mV 
ASTM 63C Orion SA2 l O YSI 3000 Uncorrected Orion SA2 l 0 

7 & 10 buffer Pt electrode 
Sample# Yes No 

I. 14C and 813C 
_2. Tritium (ll HDPE) 
_3. 8D and 818Q (60 ml HDPE) 
_4. Cation (15 ml HDPE) acidified 
_5. Anion (15 ml amber HDPE) 
_6. Alkalinity ( 500 ml) 
_7. Trace Metal (30 ml PSF) acidified 

8. 
9. 

_O. Immuno-Assay (3dram) 
Alkalinity Titration BG-MR color end point N titrant 
Aliquot Mass (g) raw Alkalinity corrected alkalinity 

1 
2 
3 x = ± 
4 

Dissolved Oxygen Winkler titration 
1 
2 
3 

Notes: 

N titrant ---

page 21 



Pumping Well 1 Hydro geology Camp 990628 1400 
Pk==Pearson VII Area 5 Pea.Jes 
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Description: Pumping Well 1 Hydrogeology Camp 990628 1400 
X Variable: Emission (nm) [dl 15: band width 5] 
Y Variable: Intensity 
File Source: a:\hcpw1628.prn 

Fitted Parameters 

r2 Coef Det OF Adj r2 Fit Std Err F-value 
0..99668352 0.9.9654997 0.0.9093223 8.t6a80958 
Peak Type ao a1 a2 

1 Pearson VII Area 1760.40430 386.635220 126.572330 
2 Pearson VII Area 43.0285984 460.286216 40.1819850 
3 Pearson VII Area 26..450693-1 512-014286. 5:L0321295 
4 Pearson VII Area 62.7983088 572.885796 23.3531806 

5 Pearson VII Area 17.1379970 642.344350 42.8308760 

Measured Values 

Peak Type Amplitude Center FWHM 
1 Pearson VII Area 6.68749974 386.635220 126.572330 
2 Pearson VII Area 0.99947753 460.286216 40.1819850 
3 Pearson VII Area 0.48633729 512.074286 51.0321295 
4 Pearson VII Area 2.39690.85.9 572.885795. 23..353.180.6 
5 Pearson VII Area 0.30496630 642.344350 42.8308760 

Total 

l< 1 
WT 0 .15 ffb 

a3 
0.76091814 
31.6257681 
167.88-4-465 
4.38806452 
1.47252680 

Asym50 Int Area %Area 
1.00000000 686.492291 82.8037540 
1.00000000 43.0100218 5.18780955 
0.99999999 26.4506872 3.19044544 
1.00.0.0.000.6 62.795.6855 7 .5.7 432904 
1.00000000 10.3106961 1.24366196 

829.059381 100.000000 
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Name Biesboer Bldg 61 PW-1 

Type Fe Spring_ Well Well 
Unique# 569488 
Depth (ft) 
Aquifer QWTA 

Date 97-08-21 97-08-21 97-08-21 
Temp (C) 12.7 8.6 7.7 

pH 7.46 7.54 7.86 
Cond (µ,mhos) 460 410 355 
Redox(mV) 
D.O. (!)pm) <0.5 <0.5 <0.5 

Cations (in ppm) 
Ca 87.3 77.1 63.0 
Mg 25.4 25.0 14.3 
Na 11.22 4L39 2.33 
K 2.60 2.09 1 .12 
Al 0.033 0.003 0.033 
Fe 0.74 0.02 0.99 
Mn 1.171 0.130 0.175 
Sr 0.178 0.104 OJ)64 
Ba 0.169 0.082 0.043 

Si 11.5 9.8 6.6 

Anions (in ppm) 
Alk. (as CaC03) 306.8 301 207 

Cl 9.6 0.91 0.68 
Br OJ)20 0.014 0.043 

N02-N <0.005 <0.005 0.003 
N03-N 0.020 <0.005 OJ)33 

S04 0.05 7.09 8.5 
P04-P <0.02 <0.02 <0.02 
totalP (to.8 <0.02 0.03 

F 0.16 0.10 0.07 

Charge Balance 
Cations (meq/kg) 7.01 6.15 4.45 
Anions (meq/kg) 6.41 6.19 4.34 

% difference 4.42 -0.33 1.27 

Ionic Strength 0.008 0.008 0.006 
log(pC02) -2.28 -2.37 -2.85 
SI calcite 0.01 0.04 0.13 

SI dolomite -0.40 -0.30 -0.27 

Hydrogeochemistry Lab, Dept. of Geology & Geophysics, Univ. of Minnesota, Minneapolis, MN 55455 (612)624-7822 


