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“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 responsibil-
ity for the accuracy, completeness, or usefulness of any information, apparatus, product, or pro-
cess disclosed, or represents that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by trade name, trademark, manu-
facturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation,
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 Govern-
ment or any agency thereof.”



ACCOMPLISHMENTS

The experimental study of hydrate bearing sediments has been hindered by the very low solubility of
methane in water (lab testing), and inherent sampling difficulties associated with depressurization and
thermal changes during core extraction. This situation has prompted more decisive developments in
numerical modeling in order to advance the current understanding of hydrate bearing sediments, and to
investigate/optimize production strategies and implications. The goals of this research is to addresses the
complex thermo-hydro-chemo-mechanical THCM coupled phenomena in hydrate-bearing sediments,
using a truly coupled numerical model that incorporates sound and proven constitutive relations, satisfies
fundamental conservation principles. This tool will allow us to better analyze available data and to
further enhance our understanding of hydrate bearing sediments in view of future field experiments and
the development of production technology.

ACCOMPLISHED

The project management plan (PMP, Task 1) and the selection of the PhD Students working dur-
ing the 1% year of the project were competed and informed in the first quarterly report. The main
accomplishments for this first period address Tasks 2, 3 and 4 of the original research plan, and
include:

e Student training.

e Literature review.

e Update of constitutive equations.

e Update of THCM-Hydrate.

e Close-form analytical solutions.

Training

The training of the two PhD students working in this project has continued during this period. As
for Mr. Xuerui (Gary) Gai (i.e. the Ph.D. student at TAMU) the training activities have been fo-
cused on the use of “THCM-Hydrate”, the numerical code under development in this project. He
is becoming familiar with the operation of this code, constitutive laws; imposition of boundary
conditions and other aspects of the numerical code. As Mr. Z Sun (the Ph.D. student at GT), he
training has focused on the development of constitutive laws for hydrate bearing sediments (HBS)
and analytical solution. Both students have progressed positively with their coursework at their
respective universities.

Literature review

The literature review (Task 2a) has been continued during this period, and it includes.
e Published constitutive models for (HBS).
e Analytical and numerical modeling of HBS.
e Laboratory and field investigation related to HBS.

Update of constitutive equations
The update of the constitutive laws for hydrate-bearing marine sediments (Task 2b—ongoing) and
HBS in the permafrost (Task 2¢c — ongoing) have continued during this period.



The section below (page 6) entitled: “Dynamic effects on the capillary pressure-saturation rela-
tionship — Relevance to HBS modeling” briefly presents the main findings related to the update
of constitutive equations and also some of the activities performed in Task 4.a.

Update of THCM-Hydrate
The update of the numerical code “THCM-Hydrate” has continued during this reporting period.
The main following activities for the different subtasks are highlighted:

e Validation of implemented functions (Task 3a — ongoing), including
o The effect of cryogenic suction on the mechanical behavior of frozen sediments
has been studied. The section below (page 13) entitled: “Effect of subzero tem-
perature and cryogenic suction on the mechanical behavior of frozen sediments”
briefly present the main research in this subject.
e Synthetic numerical tests (Task 3b — ongoing), including
o Some of the synthetic numerical tests presented in the previous quarterly report
have been modeled.
e Code comparison analyses (Task 3c —ongoing), including
o We have started with the simulations aimed at comparing our code against other
ones developed to model the behavior of HBS. We are using the benchmark exer-
cises prepared in the context of “The National Methane Hydrates R&D Program:
Methane  Hydrate  Reservoir  Simulator Code  Comparison  Study”
(http://www.netl.doe.gov/technologies/oil-
gas/FutureSupply/MethaneHydratessMH_CodeCompare/MH_CodeCompare.html
o We have already informed in previous report about the successful completion of
Benchmark Test # 1. We are currently working on Benchmark Test # 2 and 3.

Close-form analytical solutions

A review on the main governing evolution laws, parameters, dimensionless ratios and simplify-
ing assumptions for HBS dissociation has been started. A brief summary of those activities (i.e.
Task 4.a) is presented in the section below (page 6) entitled: “Dynamic effects on the capillary
pressure-saturation relationship — Relevance to HBS modeling”.

Plan - Next reporting period

We will advance analytical and numerical fronts to enhance our code to solve coupled THCM
problems involving with HBS, with renewed emphasis on simulating the natural processes under
in-situ conditions and gas production.


http://www.netl.doe.gov/technologies/oil-gas/FutureSupply/MethaneHydrates/MH_CodeCompare/MH_CodeCompare.html
http://www.netl.doe.gov/technologies/oil-gas/FutureSupply/MethaneHydrates/MH_CodeCompare/MH_CodeCompare.html

Milestones for each budget period of the project are tabulated next. These milestones are selected to show
progression towards project goals.

Milestone Title Planned Date Actual Com- | Comments
and pletion Date
Verification Method
Title | Complete literature review
Related Task / Sub- | 2.0/ 2.a Progress-
tasks | March 2014 March ing as
Planned Date | Report 2014 planned
Verification method
Title | Complete updated Constitutive Equations
Related Task / Sub- | 2.0/2.b & 2.c Progress-
tasks | June 2014 June ing as
Planned Date | Report (with preliminary validation data) | 2014 planned
Verification method
Title | Validate new THCM constitutive equa-
Related Task / Sub- | tions Progress-
tasks | 3.0/3.a,3.b & 3.c September ing as
Planned Date | September 2014 2014 planned
Verification method | Report (with first comparisons between
experimental and numerical results)
Title | Complete close-form analytical solutions
Related Task / Sub- | 4.0/4.a&4.b February Progress-
tasks | February 2015 2015 ing as
Planned Date | Report (with analytical data) planned
Verification method
Title | Complete numerical analyses
Related Task / Sub- | 5.0/5.a,5.b & 5.c Activities
tasks | July 2015 July 2015 not started
Planned Date | Report (with analytical and numerical da- yet
Verification method | ta)
Title | Complete THCM-Hydrate code modifica-
Related Task / Sub- | tions Activities
tasks | 6.0/ 6.a June 2015 not started
Planned Date | June 2015 yet
Verification method | Report (with numerical data)
Title | Complete production optimization
Related Task /Sub- | 7.0/7.a,7.b,7.c,7.d & 7.e Activities
tasks | September 2015 September not started
Planned Date | Report (with numerical data) 2015 yet

Verification method




DYNAMIC EFFECTS ON THE CAPILLARY PRESSURE-SATURATION RELATIONSHIP — RELEVANCE
TO HBS MODELING.

Pressure-saturation relationships in unsaturated sediments

The capillary pressure-saturation relationship, also known as soil-water characteristic curve or
soil water retention curve, defines the relationship between capillary pressure and degree of satu-
ration. This relationship plays a central role in modeling unsaturated soil behavior. Pressure-
saturation data contains information about the soil structure, pore size distribution and pore con-
nectivity (Barbour, 1998). Consequently, the soil water characteristic curve affects the evolution
of strains and mixed-fluid conductivity (van Genuchten, 1980; Fredlund, 2000; Vanapalli et al.,
1996). Traditional solutions to two-phase flow in porous media impose mass conservation and
Darcy’s law (Bottero, 2009):

Mass conservation for wetting phase (water):
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Mass conservation for nonwetting phase (gas):
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where ¢ is porosity; K is the intrinsic permeability; py and o, are the densities of the gas and wa-
ter, respectively; Sq and Sy are the partial saturations of gas and water, respectively; Pq and Py
are the gas and water phase pressures, respectively; uq and g, are the viscosities of the gas and
water, respectively; t is the time; and g is the gravity vector (0,0,-g) . The capillary pressure-
saturation relationship is the fourth equation needed to solve the coupled problem:

PP, =P(S,) (4)

These four equations combine into two PDEs and are numerically solved (Celia et al., 1992;
Kueper and Frind, 1991). Table 1 lists commonly used capillary pressure-saturation and relative
permeability-saturation relationships.



Table 1. Commonly used capillary pressure-saturation and relative permeability-saturation rela-
tionships

Capillary pressure- | Relative permeability-saturation relation- Reference
saturation relationship ship
k — SS+2M
P.(S.)=P,-S."" " Corey (1994
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Parameters: S, is effective saturation, Py represents air entry pressure, A indicates pore size distribution index; Pqrepresents the
air entry pressure; y is surface tension, K is intrinsic permeability, ¢ is porosity, J(Se) is a dimensionless function of saturation
(Vereecken et al., 2007). Parameters in relative permeability-saturation relationship are corresponding to those in capillary pres-
sure-saturation relationship.

Current use of the capillary pressure-saturation relationship in HBS studies

Capillary pressure-saturation relationships play a central role in HBS modelling (Rutgvist and
Moridis, 2009; Sanchez et al., 2013; Klar et al., 2010; Kimoto et al., 2007). Table 2 lists capillary
pressure-saturation models and relative permeability-saturation models used in HBS simulations.
The presence of hydrate in the pore space is recognized through a redefinition of effective satura-
tion (Klar et al., 2010; Kimoto et al., 2007; Sun et al. 2005; Moridis and Sloan, 2007):

S, = SuTS (5)
1-S,-S,

where S, and Sy, are is residual and hydrate saturation (detailed discussion in Jang and Santamari-
na 2014). Hydrate dissociation is included as a source in flow equations:
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where m is the mass change due to hydrate dissociation (w:for water; g:gas; h:hydrate).



Table 2. Capillary pressure-saturation and relative permeability-saturation relationships used in
HBS modeling.

Reference Capillary pressure model Relative permeability model
Liu and Flemings (2007)  J-function Corey model

Sun et al. (2005) Brook and Corey (1964) Corey model

Klar et al (2010) van Genuchten (1980) Mualem (1976)

Kimoto et al (2007) van Genuchten (1980) No relative permeability
Moridis and Sloan (2007)  van Genuchten (1980) Corey model

Sanchez et al. (2013) van Genuchten (1980) Mualem (1976)

Limitations in current models

The current use of capillary pressure-saturation relationships in HBS modelling faces three limi-
tations. First, it does not consider the change of pore size distribution due to the presence of hy-
drate, as hydrates occupy large pores (Dai and Santamarina, 2013). Second, the dissociation of
hydrate is a non-equilibrium process while traditional capillary pressure-saturation relationships
represent equilibrium conditions (O’Carroll et al., 2005; Diamantopoulos et al., 2012b; Ross and
Smettem, 2000). Third, the low viscosity ratio between gas and water may cause fingered gas
invasion (Santamarina and Jang, 2011).

Finally, it should also be noted that the evolution of relative water and gas permeabilities in hy-
drate bearing sediments requires further research (Ruan et al., 2012; Anderson et al., 2011; Ku-
mar et al., 2010). Overall, physical models and experimental studies show that hydrate pore habit
can have a pronounced effect on conductivity properties (Kumar et al, 2010; Johnson et al.,
2011; Seol and Kneafsey, 2011). This last observation can be extended to pressure-saturation
trends as well as.

Dynamic effects on pressure-saturation trends

The capillary pressure-saturation relationship is experimentally determined under equilibrium
conditions. Outside equilibrium, pressure-saturation becomes flow-rate dependent (a.k.a., dy-
namic effect, nonuniqueness, or nonequilibrium - Hassanizadeh et al., 2002; Diamantopoulos et
al., 2012a).

Observations. Drainage experiments conducted on sand columns under static, steady-state and
transient conditions show clear differences in pressure-saturation (Topp et al., 1967; Hassaniza-
deh et al., 2002; Diamantopoulos et al., 2012). Figure 1 shows the capillary pressure-saturation
relationship at the center of columns under different flow conditions (water content measured by
gamma ray attenuation and pressure head measured using a tensiometer): at a certain capillary
pressure, more water is retained in soils when drainage and gas invasion happen in a short time
than in quasi-static equilibrium.
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Figure 1. Water content-pressure head data for drainage experiments by Topp et al. (1967 - from
Hassanizadeh et al., 2002).

One-step and multistep outflow experiments conducted using sandy and silty soils showed dy-
namic effects in sandy soils (more water retained in specimens subjected to a higher pressure
ramp) but no apparent effects in silty soils (Wildenschild et al., 2001). Furthermore, results
showed that traditional two-phase flow models failed to predict the process of outflow in multi-
step outflow experiments; in particular, flow equilibration takes longer in experiments than in
simulations conducted with fitted parameters obtained from steady state capillary pressure-
saturation relationship fitted to experimental measurements (Figure 2a - O’Carroll et al., 2005 —
see similar dynamic effect results in Das and Mirzaei, 2012; Bottero et al., 2011; Wildenschild et
al., 2005; Schultze et al., 1999; Diamantopoulos et al., 2012b).
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Figure 2. Comparison of observed and fitted cumulative water outflow for multistep outflow, (a)
models without dynamic correction; (b) models with dynamic correction (O’Carroll et al., 2005).

Model 1: Dynamic capillary pressure = function of desaturation rate. Experimental results
like those presented above led to the inclusion of a dynamic coefficient z (Hassanizadeh and
Gray, 1993; Hassanizadeh et al., 2002):



ds
T ” 9)
where the dynamic capillary pressure P.®" is the pressure difference between the nonwetting and
the wetting phases under dynamic conditions, and S is the degree of saturation. The dynamic co-
efficient t captures the speed in saturation change (Bottero et al., 2011; Das and Mirzaei, 2012).
Preliminary data suggest that (1) this coefficient varies in orders of magnitude (probably 10*-10°
Pa s), (2) it is affected by saturation, fluid properties, pore size distribution, and heterogeneity
(Joekar-Niasar and Hassanizadeh, 2011; Mirzaei and Das, 2007), and (3) may be scale-
dependent, increasing for larger problems (Bottero et al., 2011; Dahle et al., 2005).

dyn stat _
P — R =

Model 2: Dynamic water content = function of desaturation rate. A relationship between the ac-
tual water content and the desaturation rate can also capture dynamic effects observed in experi-
mental results (Ross and Smettem, 2000):

0-0
! :—% (10)
T ot

where 6 and 6eq are current and equilibrium water contents, and 7 represents the equilibration
time. This expression also predicts higher water content in transient conditions than in equilibri-
um conditions.

Comparison. The two models can be implemented to capture similar effects in single and multi-
step outflow processes (O’Carroll et al., 2005; Diamantopoulos et al., 2012).

@ (b) 0 1.50
35 — =5 1.25
gc 1 E‘ 10 LL 1.00 g
g 25 3 e
2 P 2
i . : =15 0.75%
¢ st 26| E —1=0h &
- 2.5 - 7]
é: 1 | “500 600 700 500 g -20 —1=1h 0.50 g
g reference o 25 1=2h 0.95 ©
05 B s | - -y .
ok N N " T .= 101 Pa Sl T t._3h
0 500 1000 1500 2000 2500 3000 oy
time t [s] 300 10 20 30 40 50 60 78'00
time [h]

Figure 3. Influence of dynamic coefficient (a) and equilibrium time (b) on predicted outflow
(Manthey et al., 2008; Diamantopoulos et al., 2012).

Dynamic effect of capillary pressure-saturation relationship and fingered flow

Fingered flow may bypass most of the matrix, either by focusing on cracks and macropores, or
due to flow instability (Gerke et al. 2010). Flow instability may be either gravity-driven or vis-
cosity-driven when a less viscous fluid displaces a more viscous fluid (Homsy, 1987; Nieber et
al., 2005; Liu et al., 1994, Glass et al., 1989).



Gravity-driven fingered flow can be simulated by introducing dynamic and hysteretic effects into
flow equations (Chapwanya and Stockie, 2010; Sander et al., 2008). Figure 4 shows the influ-
ence of dynamic effect and hysteretic effect on flow.
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Figure 4. Dynamic and hysteretic effects on flow. a) with hysteretic effect only; b) with both hys-
teretic and dynamic effects; ¢) with dynamic effect only (Chapwanya and Stockie, 2010).

Dynamic effects in viscosity-driven fingered flow are often observed in Hele-Shaw cells (e.g.,
Lovoll et al., 2011). The flow pattern is capillary-controlled in quasi-static experiments (Figure
5). Under dynamic conditions, the displacement pattern reflects viscous fingering at the global
scale, but capillary fingering at the pore-scale (figure 6). The crossover length of displacement
decreases as the capillary number increases. The transition length-scale is I.=a/Ca, where a is the
pore size and Ca is the capillary number. Results obtained under dynamic conditions show high-
er water retention and residual water content at any given capillary pressure.
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Figure 5. Quasi static drainage experiments (Lovoll et al., 2011)
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Figure 6. Dynamic drainage experiments - Different capillary numbers (Lovoll et al., 2011).
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EFFECT OF SUBZERO TEMPERATURE AND CRYOGENIC SUCTION ON THE MECHANICAL BEHAV-
IOR OF FROZEN SEDIMENTS.

The primary motivations for the study of frozen soils stemmed from the problems associated
with heaving. It was originally thought that the volume changes observed when soils froze were
primarily due to the volumetric expansion of water during its phase change to ice. However, the
observed volumetric strains greatly differed from the expected ones and that the soils continued
to heave if they had access to free water. These observations demanded a revision in this theory.
Taber (1929) explained that not all the pore water present in the soil freezes when the tempera-
ture reduces below the freezing point of water and termed this as ‘unfrozen water’. The presence
of this unfrozen water was mainly attributed to a capillary action of the pore spaces in the soils.
Beskow (1935) observed that larger pores freeze at higher temperatures when compared to
smaller one. The concept of unfrozen water was used to develop several constitutive models
(Miller, 1978; Konrad & Morgenstern, 1980). The experimental evidence for this unfrozen water
was provided in Tice et al. (1988), who used the pulse nuclear magnetic resonance technique.
Other methods such as the dilatometer technique, cation exchange (Tice et al., 1976), electron
microscope (White, 1999), were also developed to demonstrate the presence of unfrozen water in
frozen soils. These techniques concentrated mainly on clays where the unfrozen water influences
the microstructure behavior. Larger pores were observed to freeze at higher temperature com-
pared to smaller pores and this effect was attributed to the capillary action in the pores.

Several models recognize a critical radius of the pore for freezing to occur at a given temperature
(Multon et. al, 2012). The schematic representation of the soil structure with the ice and unfrozen
water is shown in Figure 7.a). Equilibrium is formed between the unfrozen water and the ice pre-
sent in the pore space. This equilibrium is quantified using the cryogenic suction (difference of
the ice and unfrozen liquid pressure) and is seen to have important changes in the behavior of ice
rich soils. Figure 7.b shows a schematic representation of the capillary in frozen sediments.

Soil
Water
Ice

t
Unfrozen °

water

Figure 7. a) Schematic representation of frozen soils (melting may induce a significant changes
of the soil structure)

The variations in the amount of ice content and the temperature are seen to affect the mechanical
behavior of the frozen soil. The equilibrium between the ice and the unfrozen pore water is ex-
pressed here using the Clausius-Clapeyron equation. The equation establishes the relationship
between the pressures of two phases of a single constituent material at a specified temperature.
The equation is described in (9)

=281 ] ©
P 273.15




where, P and P, are the pressure in the ice and water,

P, and p; are the densities of ice and water,

| is the latent heat of fusion (334 kJ/kg) and

T is the current temperature
The cryogenic suction, s is quantified the difference of the ice and liquid pressures.

s=max (P, -PR,0) (10)
The effect of temperature of the volumetric behavior of frozen soils is now examined. Results of

the various hydrostatic tests conducted on reconstituted soils (Qi et al., 2010) at varying tempera-
tures are shown in Figure 8.a.
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Figure 8. Mechanical behavior of frozen soils: a) effect of subzero temperature on pre-
consolidation pressure and frozen soil stiffness behavior, b) variation of the pre-consolidation
pressure with cryogenic suction.

The plots of the variation of the voids ratio, e vs the mean stress, p shows distinctive behaviors.
The elastic slope of the curves shows a limited variation with temperature. The virgin consolida-
tion slope however shows distinct variations as it is seen to decrease with a decrease in tempera-
ture which indicates stiffening of the soil with a reduction in temperature. An increase of the pre-
consolidation stress with deceasing temperatures is evident, as shown in Figure 8.b).

Various experimental tests conducted on frozen soil have demonstrated that the mechanical be-
havior is influenced by temperature of the freezing environment. Figure 9.a shows the variation
of the deviatoric stress with strain for triaxial test conducted on frozen soils by Parmeswaran and
Jones (1981). It can be seen that the stiffness of the soil increases with decrease in temperature. It



is also observed that there is an increase in the maximum strength of the soil with decrease in
temperature. The confinement pressures are also seen to affect the behavior of these sediments.
Triaxial tests conducted (Parmeswaran and Jones 1981) on frozen soils with varying confining
strengths have an increase in the maximum deviatoric strength observed as shown in Figure 9.b.
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Figure 9. Variation of the stress strain behavior of reconstituted soils: a) effect of temperature,
and b) effect of confining pressure

Figure 10 shows the variation of the maximum deviatoric stress with the temperature in the ex-
periments conducted by Parmeswaran and Jones (1981). There is a linear rise in the strength of
the soil with the temperature. However many observers have noted the strength increase gradual-
ly reduces with increasing temperature before reaching a constant value (Parmeswaran 1980).
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Figure 10. Variation of strength with temperature

The main features of frozen soil behavior mentioned above can be included in an elasto-plastic
framework based on the extension of the modified cam-clay model to accommodate for varia-
tions in temperature and cryogenic suction. Figure 11, presents the proposed yield surface to
model mechanical behavior of frozen sediments. This model for frozen sediments will be vali-
dated and the presence of hydrates will be incorporated afterwards.
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Figure 11 Idealized yield surface of a mechanical model for frozen sediments
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PRODUCTS

Publications — Presentations:

e A poster was presented during to the Gordon Research Conference on Natural Gas Hy-
drate Systems hold in Galveston, Texas, March, 2014. Title: “Numerical THCM Model-
ing of HBS using a truly coupled approach”

e A conference paper has been accepted for the 14™ IACMAG (International Conference of
the International Association for Computer Methods and Advances in Geomechanics).
Kyoto Japan 22-25 September 2014 Title: “Coupled Modeling of Gas Hydrate Bearing
Sediments”. Authors: M. Sanchez, J. C. Santamarina. A. Shastri & Xuerui Gai.

Website: Publications (for academic purposes only) and key presentations are included in
http://pmrl.ce.gatech.edu/; http://engineering.tamu.edu/civil/people/msanchez

Technologies or techniques: None at this point.

Inventions, patent applications, and/or licenses: None at this point.
Other products: None at this point.

PARTICIPANTS

Research Team: The current team is shown next.
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IMPACT

o While it is still too early to assess impact, we can already highlight the computational platform
extensively validated in a wide range of coupled thermo-hydro-chemo-mechanical coupled
problems (CB_Hydrate).

CHANGES/PROBLEMS:
None so far.

SPECIAL REPORTING REQUIREMENTS:
Nothing to report
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BUDGETARY INFORMATION:

TAMU

Grant No.DE-FE0013889
TEES Project 32525-C3870 CE

COST PLAN/STATUS

EXHIBIT 2- COST PLAN/STATUS

Budget Period 1 Budget Period 2
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Enter date range Enter date range Enter date range Enter date range Enter date range Enter date range Enter date range Enter date range
Baseline Reporting Quarter 10/1/13-12/31/14 01/01/14-03/31/14 04/01/14-06/30/14 07/01/14-9/30/14
Cumulative Cumulative Cumulative Cumulative Cumulative Cumulative Cumulative Cumulative
Ql Total Q2 Total Q3 Total Q4 Total Ql Total Q2 Total Q3 Total Q4 Total
Baseline Cost Plan $ 30,300.00 | $30,300.00 [ $ 60,600.00 [ $ 90,900.00
Federal Share $ 30,300.00 | $30,300.00 [ $ 60,600.00 [ $ 90,900.00
Non-Federal Share $ 11,223.00 | $11,223.00 [ $ 11,223.00 | $ 22,446.00
Total Planned $ 41,523.00 | $41,523.00 [ $ 71,823.00 | $113,346.00
Actual Incurred Costs $ 5,301.83 | $ 5,301.83 | $ 13,764.34 | $ 19,066.17
Federal Share $ 3,335.02 |$ 3,335.02 [ $ 13,183.70 | $ 16,518.72
Non-Federal Share $ 5,182.94 |$ 5,182.94 S 25,938.52 | $ 31,121.46
Total Incurred costs $ 8,517.96 | $ 8,517.96 | $ 39,122.22 | $ 47,640.18
Varience $ 33,005.04 | $33,005.04 [ $ 32,700.78 [ S 65,705.82
Federal Share $ 1,966.81|S$ 1,966.81 S 588247 S 7,849.28
Non-Federal Share $ 6,040.06 | $ 6,040.06 [ S 6,040.06 [ S 12,080.12
Total Varience $ 8,006.87 | $ 8,006.87 | $ 11,922.53 | $ 19,929.40
GT
Budget Period 1 Budget Period 2
Ql Q2 Q3 Q4 Ql Q2 Q3 Q4
Baseline Reporting Quarter 10/1/13- 12/31/13 1/1/14- 3/31/14 4/1/14 - 6/30/14 7/1/14-9/30/14 10/1/14- 12/31/14 1/1/15- 3/31/15 4/1/15 - 6/30/15 7/1/15- 9/30/15
Cumulative Cumulative Cumulative Cumulative Cumulative Cumulative Cumulative Cumulative
at Total @ Total s Total 4 Total at Total @ Total s Total o Total

Baseline Cost Plan
Federal Share 18,000 18,000 18,000 36,000 18,000 54,000 32,223 86,223 18,000 104,223 18,000 122,223 18,000 140,223 34,658 174,881
Non-Federal Share 6,119 6,119 6,119 12,238 6,119 18,357 10,954 29,262 6,119 35,381 6,119 41,500} 6,119 47,619 11,782 59,401
Total Planned 24,119 24,119 24,119 48,238, 24,119 72,357 43,177 115,485 24,119 139,604 24,119 163,723 24,119 187,842 46,440 234,282
Actual Incurred Cost
Federal Share 0 0 13,164/ 13,164
Non-Federal Share 0 0 6,119 6,119
Total Incurred Costs 0 0 19,283 19,283
Variance
Federal Share -18,000| -18,000) -4,836 -22,836
Non-Federal Share -6,119 -6,119 0 -6,119
Total Variance -24,119| -24,119| -4,836 -28,955
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