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INTRODUCTION

The f ollowing report summarizes research activities on the project for
the period December 1, 1986 to November 30, 1987. Res;ear_ch efforts for the
second year deviated slightly from those described in the project proposal.
By the end of the second year of testing, it was possible to begin evaluating
how power plant operating conditions influenced the chemical and physical

~ properties of fly ash obtained from one of the monitored power planis
(Ottumwa Generating Station, 0GS). Hence, several of the tasks initially
assigned to the third year of the project (specifically tasks D, E, and F) were
initiated during the second year of the project. Manpower constraints were
balanced by delaying full scale impiementation of the quantitative X-ray
diffraction énd diff efential thermal analysis tasks until the beginning of the .
third year of the project. Such éhanges should have littie bearing on the

outcome of the overall project.
RESEARCH APPRCACH

Preliminary work at the Materials Analysis and Research Laboratory
(MARL) had indicated that the physical proberties of Class C fly ash pastes
changed significantly as a f unction of time [1]. Mortar cube data at the lowa
Departmem of Transportation (IDOT, test method 212), also indicated
significant variations in physical properties of Class C fly ashes. Hence, a
testing program was initiated to monitor the physical and chemical |

characteristics of the major Class C fly ash sources in the State of Iowa.

Two fly ash testing methods were utilized in this study. The first
method utilized the testing scheme described in ASTM C 311 [2]. The second




method studied the strength, volume stability, setting time and héat -
evolution properties of {ly ash pastes. Specific descriptions of these tests can
be found iri the first progress report [1]. The overall testing scheme is shown
in Figure 1. ' | |

Ashes from the Council Bluff s, Lansing, Ottumwa and Neal 4 power
plants were selected to represent the range of Class C fly ashes available in
~Towa. Samples of these ashes were obtained from Mr. Lon Zimmerman of
Midwest Fly Ash and Materials, inc., Sioux City, IA. The samples were
obtained in accordance with ASTM C 311 [2]. Fly ash éamples from Couﬁcil
Bluffs, Lansing and Ottumwa were subjept;ed]tb all the ‘t_‘ests shown in Figure

1. Samples of Neal 4 fly ash were oniy subjécted to ASTM C 311 testing.

RESULTS AND DISCUSSION

The results of physical and chemical aﬁalysis of the composite fly ash
samples obtained during 1986 are sum_marized in Table I (Appendix A). The
results of physical testing on each 400 ton lot' of ﬂy ash are summarized in

"Table II (Appendix A). Statistical résul‘&s for each power plaht for the
calendar years 1983 thru 1985 have been pubiished in our prévious réport |
[1]. For brevity, the statistics will not be réported again. Plots of the results
of me'physical testing program (ie., moisture content, foss on ignition, 7;day
cement pozzolan, specific gravity, fineness and autoclave expansion) ére;_
shown in Figures 1 thru 24 (Appendix A). The plots illustrate the uniformity
of test results obtained during the four years of monitoring. The results of

each specified test have been plotted on a common scale for ail four of the
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power plants, this gives an indication of the variability observed between
the various pdwer plants during the four years of monitoring. It is pertinent
to mention that the results of both the 7—day" cement pozzolan test and the
autoclave expansion test are influenced strongly by the cement used when
performing the tests. Hence, Table 111 (Appendix A) summarizes the g
physical and chemical properties of the cement used during 1986.

In general, the results of the ASTM tests performed during 1986 agree
with the conclusions stated in our previous report [1]. The results of this
work confirm the proposal hypothesis that little variation in physical and

chemical properties is observed for fly ash from a given génerating station,

S measure A ests.

Verification of physicai testing methods

The first task undertaken disring the second ygeaf of the project was to
verify the repeatability of the testing methods for fly ash pastes. The
rebeatability of the paste testing methodls\ was evaluated by making mixes
on 'th_ree different days using' two different fly ashes. The two fly ashes that
were chosen for the repeatability tests exhibited physical pmpevrties that
encompaésed the properties observed for most of the fly ash'pastes studi_ed
sof ai‘. The two fly ash samplés chosen for testing Were froni Ottumwa
generating station (sampling date 2/25/85), and Lansing power plant

(sampling date 3/29/85). The influence of_ Water/fly ash ratio'and mode of

curing on the physical properties of fly ash pastes have also been studied.




In geheral, the repeatability tests indicated that the methods used for
character‘izing the physical properties of _the fly ash pastes were adequate
~ (see Tables I and 11, Appendix B). Typiéally. the coefficients of variation for

the compressive strength tests were about 10 to 20%. Hence, the tests are
not precise eno’ugh to compare samples Whose sirengths differ by less than
about 40%. It is pertinent to mention, however, that in this study, sirength
variations of greater than a factor -of 5 (i.e., 500%) have been observed in a
_singie power. blant (Ottumwa Generating Station). Strength variations

' betweeh power plants can also vary by about a factor of five. Thus, the tests
were adequate for studying ;rends in the compressive strength of fly ash
pastes.

Results of the remaining tests (i.e., volume stability, setting time and
temperature rise) are also summarized in Tables I and II (Appendix B). In
genetal, the results are reprpducible on a day to day basis. In fact, the
results agree reasonably well with tests perfbrmed on the same fly ash
vsamples two years earlier (see Table III in Appendix B). There were modest
dng:repancies between the air cured expansioﬂ values, setting time values
(both initiai and final set) and the AT values obtained over the two year time
span, but these may be attributed to changiﬁg laboratory conditions or aging
of the bulk fly ash samples. |

The influence of three diff erent methods _of curing on compressive .
strength of fly ash pastes was also investigated during the second year of the
project. The three methods investigated were: ( i) air éuring’ (ie., anibient
humidity about 30 to 60% RH)', (2) cnjring in plastic bags (i.e., moist curing, |
denoted as “normal” curing), and (3) curing in lime saturated water. Ambient

temperatures 70 +£5 ° F (21 £ 3 °C) were Utilized throughout the study. The

results of the study are illustrated in Figures‘ 1 and 2 (Appendix B). The




results indicatéd that the moist curing methods (curing in plastic bags or
‘under water) were needed to ensure that no long-term strength retrogression
occurred. At curing times of less than about 7 days, all three curing méthods
produced similar résulﬁs. The underlying cause of the strength retrogression
in the air cured fly ash pastes is still being studied.

The results of varYirig the water/fly ash ratio of pastes made with the
Lansing fly ash are summarized in Table IV (Appendix B). In general, the
results were similar to those observed for portland cement specimens |
because the decrease in compressive strength was invers‘el? proportional to
the water/fly ash ratio. This is in accordance with Abram's.law, a limiting

case of Feret's law, which is commonly applied to cement materials [3]. A
| Iplot of 7‘ day compressive strength versus water/fly ash ratio is shown in
Figure 3 (Appendix B). Similar results were obtéined with spécim_ens cured
- for other periods of time. | |

Air cured expansion (ie., drying shrinkage) of the paste specimens
tended to increase with water/fly ash ratio. The results of the humid cured
expansion test tended to decréase with increasing water/fiy ash ratio.

Setting time of the fly ash paste specimens (both initial and final set)
appeared to be independent of water/fly ash ratio for the range of values
studied in this ini'restigation (w/fa = 0.27 to 0.53). This may be important to
the field utilization of fly ash grouts or slurries because it indicates that
some type of retarder must be dsed to delay the flash setting ch_ar_acteristics |
of the mixtures. Increasing the water content will increase the fluidity of
the mixture but it may not signif i_cantly alter the setting time for some fly

ashes.




Correlations between physical properties

The results of correlation studies using the fly ash paste data from
Council Bluffs, Lansing and Ottumwa power plants are shown in Tables I, 11

and 111, respectively. Abbreviations for the studied variables were as

follows:
| H4 = 4 hour compressive strength
DI = 1 day oonipressive strength

D7 = 7 day compressive sirength
Di4 = 14 day compressive strength
D28 = 28 day compressive strength
D56 = 56 day compressive strength
ACE - air cured expansion
HCE = humid cured expansion
IS = initial set time

FS = final set time
PKT: = peak temperature A
TIM =  time required to reach peak temperature

DT -  temperature rise (final temp - initial temp)

Linear correiation coeff iciénts were generated by using the combined 1985
and 1986 paste test results from each of the 'individual p’o{wer plants. The
i}ablés also list the significance probability of the correlation and the number
of observations that were used in caiculating the statistics. For example, in
Table 1 (the Council Bluffs paste data), the Pearson correlation coefficient, r,
between the 4 hour compressive strength (H4) and the one day com-pr'essiVe

strength (D1) was 0.79516. The number directly below the correlation
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coefficient (0.0001 in this instance) is the significance probability of the
“correlation. This value indicates that the finear correlation between H4 and
D1 was significant (i.e., we can reject the null hypothesis that no linear
relationship (r=0) exists between H4 and D1). We have arbitrarily adopted a
99% confidence interval for accepting or rejecting potential correlations, this
corresponds to a significance probability value of 0.005 or less. The integer
directly below the significance probability of the correlation value denotes
the number of samples used in the statistical calculations (49 observations in
this instance). Please note that all of the correlation matrices are symmetric
about their main diagonals. » _

In general, the individual power planis exhibited similar trends. For
example, the short term Stréngths of all the fly ash paste spécimens
correfated well to the 14 and 28 day compressive strengths. Also, humid
cured expansion generally correlated well with the 28 day strength. Hence,
all of the f ly ash paste test results were combined into a single data file and
the correlation calculations were repeated. The combined fly ash correlation
matrix is listed in Table IV, | |

Strong correlations were observed between several of the variables
studied in this project. Correlation coefficients greater than 0.7 have been
cjrcled (see Table IV). In general, the results are in agreement with the
‘potential correlations that were described in 6ur first progress report [1].
waever, they are much more statistically sound because the number of
observations has nearly doubled since that time.

‘ | One of the more interesting trends ihat was observed is illustrated in
Figure 2. The trend is impoi'tant because it indicates that a fairly reliable

linear relationship exists between the 7 day and 28 day compressive

strengths of the fly ash pastes (the graph contains 182 data points). Linear
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28—DAY STRENGTH AS A FUNCTION OF 7—DAY STRENGTH
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Figure 2. Relationship between 7-day and 28-day OGS'paétg strengths.




regression of the data yielded ihe equation listed in Figure 2.  The intercept
was not statistically significant so the linear relationship can be simplified to
(assuming 2 significant digits):

28 day strength = 1.3x 7 day strength.

The scatter of points around the regressed line appeared to increase as paste

compressive strengths increased, but part of the scatter can be attributed to
the poor precision obtained from the 1 x 1 inch cubes. The equation can be
made to produce more conservative estimates of the 28 day compressive

strengths by using a multiplier of 1.1 or 1.2 in place of the 1.3.

The bulk of the Materials Analysis and Research Laboratory fly ash
data basé consists of information about samples obtained from Ottumwa
Generating Statjon(OGS ). Also, OGS personnel have been very receptive 10
providing power plant operating conditions and maintenance schedules to
Iowa State researchers. Hence, the current state of knowledge about the fly
ash produced at OGS is well ahead of the other lowa power plants. Since OGS
is similar to two other Iowa power plants (namely the Council Bluffs and
Neal 4 generating stations) it is possible that trends identified at OGS may
also be present at the other power plants. |

OGS produces about 80,000 tons per year of high-calcium 'fly ash
having a nominal analyticai CaO content of about 25%. The power plant

burns low sulfur, sub-bituminous coal from the Powder River Basin near

14

Gillette, Wyoming. Sodium carbonate is routinely added to the raw coal feed :

to enhance the performance of thé power plants hot-side electrostatic

precipitators. The pertinent details concerning 0GS, such as net géneratin‘g
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capacity, maintenance schedule, etc, are summarized in Appendix C. Itis
~ interesting to note, that about 43% of the fly ash produced by OGS in 1986
was utilized in some manner.

As mentioned in an earlier report {1}, the compressive strength of
Ottumwa fly ash pastes change drasticaily as a function of time. A plot of
the 7 day compressive strength of OGS fly ash pastes versus sampling date is

“shown in Figure 3. It is evident that the major fluctuations in compressive

| strength occurs during the late spring or late fall months of the calendar
year. These fluctuations in compressive strength correspond roughly to the -
OGS maintenance schedﬁle. A plot of the 7 day compressive strength OGS fly
ash versus sampling date is shown in Figure 4. The solid bars on the time
axis correspond to the biannual maintenance shutdowns at 0GS. The average
- monthly sodium carbonate feed rate, expressed in pounds per ton of coal,
has also been plotted on Figure 4. It is apparetit that the power plant
operating parameters (both sddium carbonate feed rate and routine
maintenan’ce periods) influence the strength properties of the OGS fly ash
pastes. It must be mentioned that the maintenance cycle is not independent
of the sodium carbonate feed rate. In fact, the two are directly related
because the sodium carbonate doping is utilized to increase the length of
time that the power plant can operate within EPA air quality specifications.
Hence, the sodium carbonate feed rate is normally cycled during the |
generating year. After a maintenance shutdown, during which the
electrostatic precipitators are washed out, the power plant needs little (or
no) sodium carbonate doping to meet EPA specifications. However, when the
power plant is approaching a maintenance shutdown, é high sodiﬁm
carbonate feed rate is normaily needed to stay within EPA guidelines. When

the sodium carbonate feed rate gets large enough to cause excessive boiler
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18
slagging (typically between 3 and 4 pounds of sodiuin carbonate per ton of
raw coal) the power plant will shutdown for éleaning. A plot of the Bulk fly
ash sodium oxide content versus sampling time is shown in Figure 5. The
average monthly sodium carbonate feed rate used at OGS, has also been
plotted in Figure 5. The sodium carbonate feed rate appears to be
influencing the amount of sodium oxide present in the fly ash. Sulfur
content of the fly ash exhibited a similfar behavior, although it did not
éorrespond as well td OGS sodium carbonate féed rate. The remaining
elements monitored in this study (Si, Al, Fe, Mg, Ca, P, T1 Na and K), did not
indicate any consistent trends. |

Detailed studies have been conducted on the basic mechanism of
_stfength gain in OGS fly ash pastes. Extensive use has been made of x-ray
diffraction, and x-ray fluorescence analytical techniques that have been
- described in an earlier report [i]. The géneral’lchemical_ reactions that
appear to dominate the strength properties of the OGS fly ash pastes can be
- illustrated by utilizing two samples that were taken at different dates. The
first sample, ‘OTT022585, was obtained about one month before a
maintenance shutdown, while the power plant Was using a sodium carbonate
feed rate of slightly more than 3 pounds per ton of coal. The second sample,
OTT060785, was obtained about one month after completion 61‘ the
maintenancé shutdown, while the power plant was not adding sodium
carbonate to the raw coal_feed. A |

The results of bulk chemicai analysis as determined with quantitative
X-ray fluorescence are listed in Table V. Also, the results of the ASTM C 311
and fly ash paste tests have been listed in the table. The physical properties

of the two fly ash pastes, espécially the strength prqperties, were quite

different. The bulk chemistries of the two fly ash samples were similar, but
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Tabie V

Results of chemical and physical analysis of two OGS fly ash samples

Chemical composition

oxide OTT022585 _ OTT060785 1
Si0z 347 32.6 \
Al03 199 200 ~ \
Fe203 543 6.46

503 3.34 2.47

Ca0 - 25.5 26.7

MgO 49 48

Naz0 2.77 1.79

K20 0.42 0.36

Ti0y . 1.56 1.55

P205 1.13 2.10

MnO ., 004 0.03

Ba0 074 10.94

Sr0 0.37 0.46

LOI 0.39 0.41 ,

sum 101.2 100.7

Physical properties (fly ash pastes, w/fa = 0.27)

Compressive strength (psi)

1-day 550 2020
7-day 700 3900
28-day | 950 5270
Setting time (min.) |
' Initial 12 8
Final 18 13
Volume stability (% expansion)
Humid Cured -0.04 0.07
Air Cured - -0.01 -0.06

Temperature rise -
AT (°C) 75 6.1
Time to Peak(min) 57 27




Table V (continued)

0TT022585 _OTTC60785

ASTM C 311 tests o
Moisture Content (%) 0.0 00

Loss on Ignition (%) 0.4 0.2
Fineness (%) 113 9.8
7-day Pozzolan (%) 87 | 96
Autoclave Exp. (%) - 0.06 . 0.07

Specific Gravity 258 2.69

21

there were distinct differences in the sodium, sulfur and phosphorous
contents of the samples. | |

X-ray diffractograms of the two raw (as received) OGS fly ash samples
are shown in Figure 6. Mineraldgically, the two samples were simifar since
they both contained a-quartz, anhydrite, lime, periclas'e and a mineral
similar to trigalcium aluminate. The diffraction peak at about 3.75 A has
tentatively been identified as tetracalcium trialuminate sulfate. The
diffractograms indicated that OTT022585 ( the “weak" fly ash) contained
more anhydrite and tetracaicium trialuminate sulfaté than did OTT060785
(the "strong” fly ash). This is in general agreement with the bulk chemical

assays of the fly ashes.

The results of X-ray diffraction analysis of the two fly ash pastes after

7 days of moist curing, are shown in Figure 7. The major hydration product
present in the diffractogram of the strong fly ash paste was stratlingite.
Both monosulfoaluminate and ettringite were also identified in the

diffractogram. In contrast, ettringite was the major hydration product
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. Figure 6. X-ray diffractograms of the two raw (as-received) OGS fly ashes.
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identified in the weak fly ash paste. The hydration béhavior of these two fly
ash pastes have been monitored using X-ray diffraction for more than two
years. The results of the hydration monitoring studies are summarized in
Figures 8 and 9, it is evident that the calcium-alu minate—éilicate hydrate
(stratlingite) formation is much quicker in the strong fly ash paste than it is
in the weak fly ash paste. In fact, very little stratlingite was formed in the
'Weak fly ash paste even after two years of moist curing. At pfesent. it is
difficult to ascertain the long-term stability of the various hydrates present
in the fly ash pastes. The x-ray diffraction data indicated that some of the
hydrate may be starting to decompose after two years of moist curing.
However, these fly ash pastes are still being monitored so future tests results
~ may be more definitive.‘ The r_elatiire intensities repor—ted in figures 8 and 9
were obtained by normalizing the peak heighté of the basal planes of the
various hydrates to the '3.34A»"l.ine of a-quartz. The normalization procedure
-was used to help correct for potential sample preparation errdrs and x-ray
tube drift. Obviously, in making thisnorinalization, it has been assumed that
the a-quartz is not participating in any of the hydration reactions. This
assumption appeared to be valid because the observed intehéities of the a-
quartz peaks were reproducible to with_in 10% (relative) over the duration of
the study. | |
X-ray diffraction analysis of many other OGS fly ash paste sbec_imens
has also indicated that statlingite for mation is dn'ectly related to
compressive strength development. A plot of the net mtensnty of the 12. SA
stratlingite peak versus 28 day compressive strength is shown in Figure 10.

The net intensities were not corrected for matrix differences between the

various fly ash samples, and hence, should be regarded as only rough
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estimates of stratlingite concentration. However, it is evident from Figure
10, that a relationship exists between stratlingite foqnatiqn and compressive
strength. These findings are in agreemeni with those of Locher [4], whose
work in the late 1950's indicated that three basic types of hydraulic binders
exist in the Ca0-Al203-Si07 ternary system. Portland cement was the first -
type of binder described by Locher and its cementitious reactions were
dominated by calcium-silicate hydrates. High alumina cement was the
second type of binder described by Locher and its cementitious reactions
were dominated by calcium-aluminate hydrates. The third type of hydraulic -
binder described by Locher consisted of an intermediate between the two
binders mentioned earlier, and its cemeniitious reactions were dominated by
gehlenite hydrate (now referred to as stratlingite). Hence, it appears that
cementitious reactions that produce very high compressive strengths in the
OGS fly ash can be at least bartially attributed to the formation of

stratlingite.
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SUMMARY ARD CONCLUSIONS

The results of the second years research effort, directed towards
development of a rational characterization method for Iowa fly ashes, are

briefly summarized as follows.

1. The results of ASTM C 311 testing procedures obtained during 1986
were in general agreement with those obtained 'f rom earlier years.
Overall, the tests show little variation in fly ash quality during thé
four year moni_toring period.

2. The reproducibility of the fly aéh paste testing séheme was found to
be adequate for observing trends in the physical properties of the
various iy ash sources.

3. The genéral physical propertieé of fly ash pastes were studied af
various water/fly ash ratios and also under various curiﬁg conditions.
In general, the fly ash pastes responded to changes in mix proportions
and environmental factors in a manner similar to those normally
observed for portland cenient pastes. |

4. Strong correlations were observed between several of the variables
studied in the f ly ash paste tests. The correlations observed in the
second year of the project‘wer_e in agreement with those reported in

; ' the first progress report. Hence, the results obtained from the first

| | iwo years of fly ash paste testing were combined and subjected to
further analysis. One relationship identified by the correlation study
was between the 7 day and 28 day compressive strengths of the fly

ash pastes. Regression analysis was used to construct a model relating

7 day strengths to 28 day strengths, thé results were:
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28 day strength = 1.3 x 7 day strength
The equation was constructed by using 182 observations. The
coefficient of determination, R2, for the equation was 0.87.
. Cyclical trends were identified in the physical and chemical properties
of f ly ash samples obtained from Ottumwa Generating Station. The
trends were tentatively linked to the power plant maintenance
schedti’le and the sodium carbonate feed rate. These trends are still
being investigated. Future data should indicate if similar trends exist
at 6ther lowa power plants.
. The development of compressive strength in the Ottumwa Generating
Station fly ash pastes, has been tentatively linked to ihe formation of
calcium-aluminum-silicate hydrate (stratlingiie). This is, however, an
- oversimplification of the mineralogy that controls the 'strength
properties of fly ash pastes because both ettringite and
monosulfoaluminate have also been identified in the hydrated fly ash
samples. Bdth ettringite and monosulfoaluminate could potentiaﬂy
contribute to the strength properties of fly ash pastes.

Chemical testing indicates that the presence of excessive amounts
of sodium and sulfur in the bulk fly a_'she.s tends to inhibit the
develo_pmeni of high compressive strengths in fly ash pastes. Hence,
the sodium carbonate feed rate used at the power plant can have a

significant influence on the physical properties of fly ash pastes.
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COMMENTS CONCERNING FUTURE RESEARCH

Research activities for the next period will be directed at development

of a characterization method that will be predictive of fly ash physical

-properties. It has been confirmed that ASTM test methods are not adequate.

Efforts will concentrate on development of simple, rapid test methods and

procedures that can be utilized for engineering applications.
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% Ames, lowa 50011

Engineering Rescarch Institute

. . Matcrials Analysis Laboratory
POWER FLANT: Council Bluffs 62 Town Engincering
YEAR: 1986 Telephone: 515-294-8752
Total Analysis
#
Test : Mean Std. Dev. Samples

Moisture Content 0.08 0.05 7
Loss on Ignition 0.43 | 0.12 7
Fineness | 9.97 0.85 7
7 Day Pozz. _91.86 3.83 7
Autoclave Expan. 0.10 0.04 7
Specific Gravity - 2.71 0.02 7.
28 Day Pozz. N 90.57 "6.11 7
510, | 30.43 0.66 7
A1203 16.87 0.27 7
Fe203 5.33 0.15 7
S04 3.20 0.21 7
Ca0 30.84 1.12 7
MO . 5.17 . 0.23 7
P205 1.34 0.20 7
KZO _ 0.25 0.03 7
Nay0 _ 1.62 0.13 7
TiO, R -—-- -=-
Avail. Alk. 1.19 0.12 7

(equiv. Na,0)




POWER PLANT: Lansing

YEAR: 1986

Test

Moisture Content

Loss 'on Ignition
Fineness

7 Day Pozz. |

Autoclave Expan.

Specific Gravity

28 Day Pozz.

Si0,
Al03
Fejy04
SO3

' Cca0
MgO
P20s5
K0
Na 0
TiO,

Avail. Alk.
(equiv. Nazo)

Science and Technology Ames, Towa 50011

Engincering Rescarch Institute
Materials Analysis Laboratiry
62 Town Enginecring
Telephone: 515-294-8752

Total Analysis

Mean Std. Dev. Samples

0.05 0.02 8
0.51 0.21 8
11.46 1.95 8
89.13 2.71 8
0.09 0.05 8
2.78 0.04 8
94.63 5.24 8
30.39 0.81 8
16.64  0.87 g
5.95 0.35 8
3.57 0.44 8
29.30 - 1.68 8
5.77 0.64 8
1.00 0.23 8
0.26 0.05 8
1.76 0.31 8
1.29 b;21 8




Table I, (cdnt.)

Iowa S‘mte_ UniVCrSl'ty of Science and Technology || Ames, Towa 50011

Engincering Rescarch Institute

PowR pawr: Neal 4
YEAR: 1986 Telephone: 515-294-8752
Total Analysis |
Test : | Mean = Std. Dev. Sarrlf)les
Moisture Content 0.05 0.10 -9 _
Loss on Ignition 0.35 - _0.08 __9__
Fineness ~  11.81 0.66 9
7 Day Pozz. 86.89 5.07° 9
Autoclave Expan. 0.06 0.03" 9
Specific Gravity ' 2.68 0.04 9
28 Day Pozz. | 91.89 5.45 9
Si0y  31.68 0.93 9
Al,0; 16.26 0.97 9
Fe,04 | 6.03 0.23 9
503 ‘ | 3.16  0.43 9
Ca0 o 27.12 0.85 9
MgO 551 0.43 9
P05 . S 1.10 0.53 - _29
KO 0.26 0.05 9
Na,0 267 0.10  _9
Ti0, R ———= -
Avail. Alk. 162 0.10 9

(equiv. Nay0)



Table I, (cont.)

| IOWa Slmte UniverSﬁg of Science and Technology Ames, Towa 50011

Engincering Research Institute

POVER PLANT: Ottumwa e ooy
YEAR: 1986 | ' Telephone: 515-294-8752
Total Analysis

Test - . Mean  Std. Dev. Sam:les
Moisture Content . 0.04 0.02 16
Loss on Ignition - _0.30 0.07 16
Fineness - 9.55 | 0.67 16
7 Day Pozz. 93.44 5.08 16
Autoclave Expan. 0.02 0.03 16
Specific Gravity 2.68 0.02 16
28 Day Pozz. 98.25 = 5.53 16
Si0, 30.97 1.05 ;_1_6__
Al,0q 18.61  0.34 16
Fe,04 5.97 0.21 16
SO3 2.53 0.25 16
Cao 25,61 0.66 16
MgO : 4.70 0.20 16
Py0g 1.65 0.18 16
K50 0.36 0.03 16
Na20 . 2.01 0.23 16'
TiO, . —--= [ —-=
Avail. Alk. 1.31 0.19 16

(equlv Na-,0)



Table 1I, Appendix A

Summary of ASTM C 311 physical testing statistics for» 1986

Test

* Moisture Content.
Loss on Ignition
Fineness

' ‘7—day Pozzolan
Autoclave Exp.

Ottumwa
- n=74

X S R

Council Bluffs

n= 32
X S R

003 003 0.13

031 006 028

947 093 470
93.5 68 31.0
0.03 003 0.1

007 006 0.19
042 0.17 071
996 108 4.2
878 63 270
009 003 0.1

Specific Gravity _2.68 0.02 012 271 002 0.11
Lansing Neal 4
A= 19 n=31
 Test X S R X S R

- Moisture Content
Loss on Ignition
Fineness =
7-day Pozzolan
Autoclave Exp.
Specific Gravity

003 003 009

052 0.19 075
1156 220 7.70
857 57 220

008 004 0.13
279 002 005

005 003 0.5
034 006 023
11.85 086 3.4
876 6.1 230
008 004 0.1
270 002 0.06




1983—-86 MOISTURE CONTENT MONITORING
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1983—86 FINENESS MONITORING
OTTUMWA FLY ASH
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OTTUMWA FLY ASH

- 000
- +00
- 100

- ~0NOO

e e e e - ——— - ~—00

- ~000
-goo
- OO
-NOO
- 000
- 1000
-Aoo
- 100
- NOO

-+~Q0

.........

---------

OWSWZ+ LONNOLIOCZ \ 0L0-

. 1983

1

- DAYS FROM JANUARY

Figure 4, Appendix A -




- 1000
f - - —<+00
S - —N00
- - ~NOO
G - A —_— ——— . A ——————— = — ‘IIIIIIIIIIIIIII.IYll11OO,
Z 4
[ ] L
m = ! 3
Et et - ~000 %
N o VR L  aud
=) = -
= gl -M00  *
Z = >
(@] Jou- i
£ : <
7)) -000 5
23 A
Wm ||||||||||||||||||||||||||||||||||||||||||||||||||||| =~ NOO K
=F — p
SE = 5
M A -000 |
= p B
S v
W ot . oo <«
< o
o .
T - <00
oy mmmmmmmmmm oo
=
— +M00
-NOO
- +~00
—- Ll T —T-\T- -— --------- —-‘ -— ----- LB -—
0 10 o) 0 o) n
N - - o) o) 0
0 0 o o o 0

OOV LIXLLZN—0Z K

Appendix A

Figure 5,




-1983-86 SPECIFIC GRAVITY MONITORING
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1983—-86 AUTOCLAVE EXPANSION MONITORING
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1983—-86 SPECIFIC GRAVITY MONITORING
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LANSING FLY ASH

- 000

- —M00

S A
- —000
- MO0
- 000

e e e e e e e e e e e = e = e e e e e e e = e e See e e — = — — — p——

+-NOO

- ©00
- 000
..................................................... <00
- 000

- NOO

-+~Q00

..................

20—0-Dll OOZHWZH- R

DAYS FROM JANUARY

1.1983

- Figure 13, Appendix A




~

1983—86 LOSS ON IGNITION MONITORING
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LANSING FLY ASH
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1983—-868 AUTOCLAVE EXPANSION MONITORING
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- <000

- <00

- +00

- —NOO

- -~00

- 000

- ®00

- W00

- NOO

- ©00

- 000

- <400

- MO0

- NOO

- Q0

rrrrrrrryr¢vroJ|rrre4eoo4coorn oottt e 1

o
N

0

)

-

0O

9]
o

o

.10

OO0 LU WX CZN—0Z &

0
o

o

—0.05 -

1, 1983

Figure 23, Appendix A

DAYS FROM JANUARY




— 1983—86 SPECIFIC GRAVITY MONITORING
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Table I{I, Appendix A

Type I poriland cements used during 1986

oxide A B C
Ca0 63.8 63.1 63.4
Si0z 21.9 21.2 21.5
Al203 471 4.86 4.05
Fez03 2.34 2.33 3.15
SO3 2.58 272 2.33
MgO 193 2.20 2.87
K20 0.84 1.05 0.34
Naz0 0.08 0.06 0.22
TiOz 0.24 0.25 0.23
Average Compressive Strength

7-day 5110 5290 5100
28-day 5700 6040 6340




Tabie I, Appendix B

Repeatability test on Lansing Fly Ash.
sampling date: 3/29/85.

DAY i

Std.

- DAY 2

Sid.

DAY 3

Std.

Mean Dev.| MEAN Dev.| MEAN Dev,

COMPRESSIVE STRENGTH (PSI)

4-HOUR
1-DAY 3171 132
7-DAY 4915 850
14-DAY 6039 807
28-DAY 6134 -
56-DAY 4499 1066 -

2010
3146
4558
5627
4644
5822

427
451
268

477
308
816

VOLUME STABILITY (% exp. @ 28-days) .

Air Cured -0.068 ----

Humid Cured » emwmmen
SET TIME (min.)

Initial 95

Final 12.0
TEMPERATURE RISE

AT (°C) 145  ---

Peak Temp. ("C) 405  ---
Time to Peak(min) 23 ~ ---

-0.062

0.125

--- 110.0
--- {115

152
40.2
22

2096
3321
4356
5172
4680
5680

-0.084
0:121

10.5
115

15.3
413
20.5

195
230
427
370

411

- OVERALL

Mean

2053

3213
4610
15613
5080
5334

_0.071
0.123

10.0
117

15.0
40.7
21.8

Std.
Dev.

301
274
352
629
787
943

0.4

1.3




Table»ll; Appendix B
Repeatability test on Ottemwa Fly Ash,
| sampling date: 2/25/85.
DAY 1 - DAY 2 DAY 3 OVERALL

Std. Std. std.| st
Mean Dev.| MEAN Dev.| MEAN Dev.| Mean Dev.

COMPRESSIVE STRENGTH (PSI)

4-HOUR : 601 138 | 574 78 | 635 46 | 603 87
1-DAY 752 . 43 | 814 B2 | 629 24| 744 92
7-DAY 993 36 | 1014 179 | 886 159 | 964 139
14-DAY - 1264 --- | 1131 175 | 1009 150 | 1118 163
28-DAY - 1079 121 | 1054 100 | 760 " 127 | 964 184

56-DAY 1038 --- | 1101 343 | 1168 191 | 1110 223

* VOLUME STABILITY (% exp. @ 28-days)

Air Cured -0.03S ---- |-0.037 --- |-0.046 --- |-0.039 0.006
Humid Cured 0002 - [-0.001 -- | 0.016 --- | 0.006 0.009
SET TIME (min.) |
Initial 16 - |18 - |18 - 173 12
Final 25 - |27 — 29 277 20
TEMPERATURE RISE

AT (°C) 43 - 69 - 47 - |53 14
Peak Temp. (°C) 303 -— [299 - [297° - |300 03
Time to Peak(min} 56 --- |53 --=

61 - [567 40




Tabie III, Appendix B

Prior Results of Testing for Lansing (3/29/85)
and Ottumwa (2/25/87) Fiy Asi

LANSING FLY ASH (3/29/85), Testing Date: 7/1/85

COMPRESSIVE STRENGTH (PSI)

Mean
4-HOUR 2143
- 1-DAY 3190
7-DAY 5370
14-DAY 5337
28-DAY 6203

Std. Dev,

134
381
370
520

© 335

VOLUME STABILITY (% exp. @ 28-days) |

Air Cured
Humid Cured

SET TIME (min.)

Initial
Final

TEMPERATURE RISE

AT (°C)
Peak Temp. (°C)
‘Time to Peak(min)

-0.009
0.170

16.6
40.6
18.5



Table III {continued), Appendix B
OTTUMWA FLY ASH (2/25/85), Testing Date: 7/1/85

COMPRESSIVE STRENGTH (PSI)

Mean Std. Dev,
4-HOUR 448 104
1-DAY 550 166
7-DAY 700 52
14-DAY 890 128
28-DAY 950 72

VOLUME STABILITY (% exp. @ 28-days)

Air Cured | Broke -

Humid Cured 0.0 L
SET TIME (min.)

Initial 12 S

Final | 185 _—
TEMPERATURE RISE

AT (°C) 73 -

Peak Temp. (°C) 29.8 e
Time to Peak(min) 57 ——




LANFAAP 3-289-85

8000

STRENGTH (PSI>

NDTE: Strangthes ora basad on diffarant
typas of curing. The wotar cured cubaes
wara normal cured for 1 du¥ bafora

: : baing immaread in water. ha wrong
1000 ’ C cubes warae broka for tha wataer curad
: tact!ng for 7-day setrangth and tharafore
thare 3 no daota’ for that day.

- i I T I
o - 7 14 21 28 - 3s 42 49 56

TIME (DBDAYS)

——
—

(+) NORMAL ' (X> AIR (#) WATER

Figure 1, Appendix B




(PSID

STRENGTH

OTTFAAP 2-26-85

2000
NOTE: Strengths cre baced on diffarent
typee of curing. The woter cured cubas
ware normal cured for 1 da¥ baefore
being immarsaed in water. he wrong
cubas wara broke for tha woter curad
tastin? for 7-daoy strangth ond tharefora
tharae Is no datae for thst day.
1800
1000
SO0 Ty
0
| 1 1 T 1 I |
0 7 14 21 28 3S 42 48 S6

TIME <(DAYS)

¢(+) NORMAL . X)) AIR (#) WATER

Figure 2, Appendixz B




Table IV

Physical prdperties for Lansing.fly ash pastes at different

LANSING FLY ASH (3/29/85)

- STRENGTH (PSI)

4-HOUR

1-DAY.

7-DAY
14-DAY
28-DAY

0.27

2053
3213
4610
5613
5080

water/fly ash ratios.

Watérlfly ash Ratio

0.35

1041
1607
3012
3577

4491

VOLUME STABI-LITY (% expansion, 28-days curing)

. Air Cured
. Humid Cured

“SET TIME (min.)

Initial
Final

-0.07
0.12

100 .
12.0

-0.11

0.19

8.5
9.5

0.45

659
1053
2082
2444
2857

-0.12
0.15

100
11.0

0.55

429
652
1135
1478
1863

-0.16 -
0.12

11.0
13.0
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A)

GENERAL INFORMATION (Fiscal year 1987)

Power Plant Information

1) Name of power plant:  ottumva Generating Station

2-) Location: R.R. #4 Chillléothe, IA 52548 (phyglcal loeatlon/truck address)

Box 219, Ottumwa, IA 52501 (mailing address)
3) Ullllly Company (owner Towa Southern Utilities, Inc.

4.) Year power plani came on line: = 1981 |
S.) Net (maximum) generating capacity (MW): 675 MWN

6.) Actual output for 1986 (MW): 3,252,723 MWH or 414 MWN average,

7.) Boiler type (or manufacturer)' Comb'ustioh Engineering — controlled circulation

8.) Precipitator type: Joy Westers - hot side |
a.) Is an additive used to enhance the precxpxtators
» performanoe? Yes, sodium carbonate
(If yes, what is the additive and its approximate dosage (1b/1b
coal): 1 to 3 1bs/ton of coal

9.) Tentative maintenance schedule for 1987:

4/17/87 to 6/1/87
. also
2 weeks scheduled October 1987

10.) Name and phone number of a person who is employed at the

power plant and who is technically capable of answering
questions regarding the design and operation of the power plant.

Name: Rick Grubb/Jay Dixson .~ Phone #:  515-935-4301

Title: Superintendent/Supervisor of Qperétions

11.) Start up fuel (assuming plant was totally shutdown): Fuel oil #2




B.)

Coal Information

1.} Coal Source (geographical location):  Powder River Basin  Wyoming
- 2.) Name Of MinE(S): Cordero
3.) Name(s) of mining company(s): Sunedco -
'4.) Duration of coal contract (or date when current contract expires):
20 year contract ends around 2000
S.) Is anything other than coal burnt at the‘ power plant? (If yes, -
~ then how much is burnt per pound of coal).
No
Fly Ash Information
'1.)  Annual ash productioxi (Tons/year): 78,600 tons (1986)
2.) Storage capacity of silo (tons): 3,500 tons
3.) Method of loading trucks (i.c. pneumatic, auger, etc.): éravity feed
4.) Number of loading stations at silo: 2
5.) Approximate amount of fly ash sold per year (Tons): 33,900 toﬁs (1986)
6.) Most common method used to dispose of the unused fly ash
(landfill, sluice pond, etc.):  Stripmine reclamation " |
a) Where is the location of the disposal site?: 5 miles rié_rth of the plant
7.) How are fly ash samples obtained fro.in the power plant (i.e., grab

samples from trucks, composite sampling, etc.)?: Grab samples



