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Preliminary Tracer Results

The SWP Farnsworth Unit MVA program is designed to provide the data 
needed to characterize injected CO2 and existing reservoir �uids, includ-
ing volumes of CO2 injected, produced, recycled and ultimately stored; 
�uid migration; and identi�cation and quanti�cation of any potential 
release of CO2 and/or �uids from the reservoir.  Identi�cation and quan-
ti�cation of �uid migration and any potential leakage is being ad-
dressed by several methods, including seismic and �uid compositional 
analysis, but it is the SWP tracer program that yields the highest accura-
cy results.  

The SWP is using the per�uorocarbon compounds (PFT) to track the injected CO2 
and the naphthalene sulfonates compounds (NPT) to track the injected water 
(Tables below).  All of the tracers utilized at the Farnsworth Unit are considered con-
servative (non-reactive) and each is signi�cantly detectable to the sub-parts per bil-
lion level, allowing for high-resolution inter-well testing with minimal tracer vol-
umes.

NETL-Pittsburgh is assisting with the vapor-phase tracers and Peter Rose (EGI, Uni-
versity of Utah) is assisting with the aqueous-phase tracers:

Though the SWP tracer program has been active since 2014, a comprehensive analysis of the tracer 
recovery is not yet complete.  However, some preliminary conclusions can be made based on results 
from the di�erent 5-spot patterns.  

1. Injected tracer slugs must be trailed by su�cient volumes of injectate �uid (water or CO2) so that 
the tracer is su�ciently dispersed in the reservoir before the WAG cycle alternates to the contrasting 
�uid.  For the FWU, ~30 days of additional �uid injection has been found to be su�cient.

2. Rapid tracer “breakthrough”, indicative of fast pathways (fractures, faults), is not uncommon 
within some FWU patterns. 

3. Tracer “breakthrough” for wells beyond the injection pattern with/without concurrent break-
through for neighboring wells, indicative of fast pathways (fractures, faults), supports at least one 
previously mapped structure in the �eld.

4. Tracer return for a given pattern is highly dependent on reservoir heterogeneity, but also on EOR 
factors (WAG cycle, �uid injection �ow rates, production rates, etc)

5. Vapor-phase tracer results are more variable than aqueous-phase tracer results, owing to in-
creased e�ects of heterogeneities, sampling artefacts, or other factors.

6. Determination of CCS/EOR reservoir attributes such CO2/oil saturation levels, CO2 storage capaci-
ty and/or sweep e�ciency will require careful analysis owing to variable �uid injection rates over 
time/pattern, and the e�ect(s) of multiple producing wells per pattern.

Tracer Sampling and Analysis

The water-phase tracers are soluble in water and are therefore produced with any water from a well 
(production or USDW).  Samples are analyzed at the University of Utah using an HPLC with �uores-
cence detection.

The vapor-phase tracers are mixed with the CO2 and can be collected on Capillary Adsorption Tube 
Samplers (CATS) directly at the wellhead.   CATS and the analytical equipment are very easily contam-
inated by water and hydrocarbons.  Leonard 
Garcia (NMT) developed an inexpensive Gas-Oil 
Separation Tanks (GOST; right) to allow for a pure 
gas (tracer) stream to be collected in the �eld with 
minimal e�ort (US Patent Pending).  Samples are 
analyzed at NETL-Pittsburgh using a gas chro-
matograph (GC).

Sampling frequency at production wells is gener-
ally high immediately following tracer injection, 
but tapers o� by approximately 3 months.

SWP Utilization of Tracers...

 •  Primary
   - Determine �uid-�ow patterns
   - Determine �uid travel time between wells
   - Identify any fast pathways or barriers between wells
   - Constrain and calibrate �ow models
   - Detect and quantify CO2/brine leakage
 •  Secondary
   - Attempt to determine CO2/oil saturation levels
   - CO2 storage capacity
   - Attempt to determine sweep e�ciency
   - Con�rm other veri�cation methods (e.g. seismic)
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PTCH Recovery from FWU #11-2

Rapid “breakthrough”~3 weeks 
after injection when other patterns 
in �eld yield breakthrough beyond 
2 months.

Rapid “breakthrough” along pre-
sumed fault ~1.5 miles from injec-
tion well (#13-3).  Pulses of recov-
ery may indicate multiple “zones” 
of �uid migration. 
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USDW Tracer Sampling Wells

Tracer Injection Wells
(Yellow = CO2 Tracer, Purple = H2O Tracer)

Tracer Sampling Wells
(Yellow = CO2 Tracer, Purple = H2O Tracer)

Oil Production Well (with
accompanying water/CO2/
tracer)

CO2/Water/Tracer
Injection Well

Faults identified by 
seismic methods (Hutton)

Vapor-phase atmospheric/
soil probes

Legend

May 2, 2014
1,6-naphthalenedisulfonic acid

May 21, 2015
per�uoro-1,3,5-trimethylcyclohexane

May 4, 2016
Per�uoromethylcyclohexane

May 4, 2016
Per�uoroethylcyclohexane

May 21, 2015
per�uoro-1,3,5-trimethylcyclohexane

May 2, 2014
1,3,6-naphthalenetrisulfonic acid

October 16, 2015
1,3,6-naphthalenetrisulfonic acid

May 2, 2014
1,5-naphthalenedisulfonic acid

June 15, 2017
2,6-Naphthalenedisulfonic acid

2-Naphthalenesulfonic acid
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#8-2 Production

Demonstration of complex set of 
variables to be considered for anal-
ysis of tracer data for a single pro-
duction well in a single pattern

Map of the Farnsworth Unit, Texas, 
showing locations of tracer injection 
and sampling (yellow=vapor-phase, 
purple=aqueous-phase

Cumulative tracer recovery from production wells sur-
rounding separate injections at the #13-3 well (right:  
PECH vapor-phase tracer, left:  2-NS aqueous-phase tracer.  
Disparate tracer recovery, depending on phase, illustrates 
complex reservoir and �uid dynamics at the FWU.  Such 
results are likely exacerbated by the intersecting faults to 
the south and west of the #13-3 injection well (see map 
below).
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