APPENDIX A -- POTENTIAL SURVEY DATA,
mV vs. Cu/CuSO, REFERENCE ELECTRODE
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APPENDIX B - Concrete Petrography: Component Definitions
B.1 FINE AGGREGATE DEFINITIONS
B.1.1 Rock fragments

Chert, cryptocrystalline or microcrystalline SiO,, is a very abundant constituent of the fine
aggregate. There is a continuous gradation of crystal sizes from too small to be resolved under a
light microscope to distinguishable crystals. Larger crystals grade into quartzite. Some grains
have iron oxide filling fractures or permeating the rock. Clay or micaceous inclusions and
alignment of mica flakes in some grains indicates that some of the chert borders on being schist.
This category includes agate, represented by a few fibrous microcrystalline quartz particles
present in a thin section from core 69A/B.

Diorite and andesite consist primarily of plagioclase feldspar with ferromagnesian silicates, and
small amounts of quartz. Diorite has larger mineral grains, and andesite finer ones.

Gneiss is a medium-grained metamorphic rock similar in mineralogy to schist, but having
alternating layers of light and dark minerals. [Note: Many of the schist and gneiss fragments
appear to have been derived from previously existing impure sandstones (graywacke); they
contain similar mineral and rock fragments. Alignment of micaceous or acicular minerals is
stronger in the metamorphic rocks.]

Granite consists primarily of coarse quartz and feldspar, with small amounts of ferromagnesian
silicates. One fragment of rhyolite, the fine-grained equivalent of granite, was identified in a thin
section from core 27F and is included in this category.

Graywacke is a sandstone that contains large proportions of minerals other than quartz. Mineral
grains are usually quite angular, and the matrix is hematite and clay.

Mafic igneous and miscellaneous metamorphic rocks consist of pyroxene and other
ferromagnesian silicate minerals, chromite and/or magnetite, olivine and/or serpentine. Iron
oxide is generally abundant in these rock fragments.

Quarizite is similar to chert, with larger crystals of quartz intergrown with one another.
Boundaries between crystals tend to be sutured, as is characteristic of metamorphic forms of
quartz. Again, fracture fillings of iron oxide are common and there are some inclusions.
Quartzite is another abundant constituent.

Sandstone contains grains of sub-angular to sub-rounded chert and quartz, with small amounts of
feldspar and ferromagnesian silicates. Grains are bound together with hematite (iron oxide)
and/or calcite.

Schist is a fine-grained metamorphic rock containing two or more of the following minerals (in
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order of abundance): quartz, mica, feldspar, iron oxides, ferromagnesian silicates, carbonate
minerals, and opaque minerals (mostly pyrite and magnetite). In some cases, heavy iron oxide
staining is present. Micaceous or acicular minerals are aligned, creating a direction of preferred
breakage. Rock fragments are frequently elongated in this direction. Schist grains tend to be
larger than other fine aggregate constituents in the Rocky Point concrete.

Serpentinite is a metamorphic rock consisting predominantly of serpentine and residual olivine
grains. Serpentine is a fibrous or micaceous silicate mineral that is a common product of the
alteration of olivine-rich rocks.

Shale and slate are uncommon aggregate fragments; they are very fine grained and laminated.
Their mineralogy includes clays and iron oxide.

Undifferentiated rock fragments were obscured by heavy iron oxide staining in some cases.
Others apparently consist entirely of clay and iron oxide.

B.1.2 Mineral constituents

Carbonate includes fine-grained and coarse-grained calcite or dolomite ((Ca,Mg)CO,).
Fragments may be fine-grained limestone, coarse-grained vein carbonate, or portions of shells.

Feldspar is a group of silicate minerals; those in these cores are usually orthoclase (K feldspar),
although some plagioclase (Ca-Na) feldspar is also present. Some are very altered and have clay
minerals along cleavage planes or dispersed throughout the grain.

Ferromagnesian silicates are silicate minerals rich in iron, magnesium, and sometimes calcium.
If exposed to weathering, they may deteriorate rapidly into iron oxide and clays.

Opagque minerals do not transmit light. It is not possible to determine optical properties for these
minerals; however, examination of the sections under a binocular microscope shows that the
dominant opaque species are pyrite and magnetite.

Quartz refers to individual crystals of SiO,. Many of them demonstrate optical properties that
are indicative of metamorphic quartz.

B.1.3 Other constituents

Holes fall into two categories: those that were present in the concrete before sample preparation,
and those that were created during sample preparation by grain plucking. Only pores that were
circular or nearly so were counted, in order that those created during sample preparation were not
included. The concrete porosity may be underestimated by this method of determination.

Slag fragments occur only in the two sections prepared from patch concrete cores 30B and 36A.

These are almost completely devitrified and have some angular edges, indicating that the fine
aggregate was prepared by crushing coarser material.
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Wood is a rare constituent.

B.2 COARSE AGGREGATE DEFINITIONS

B.2.1 Rock constituents

Chert and quartzite. (see Fine Aggregate, Rock Fragments)

Clay balls are the result of extreme alteration of fine-grained igneous rocks. They consist of
clay, iron oxide, and sometimes quartz, and differ from shale and slate in that they are not
laminated and are usually reddish or tan in color.

Granite, diorite, and andesite. (see Fine Aggregate, Rock Fragments)

Mafic igneous rocks. (see Fine Aggregate, Rock Fragments)

Sandstone and graywacke sandstone. In the coarse aggregate, some graywacke fragments
contain large grains of metamorphic and igneous rock types, including schist, chert, and diorite,
in addition to the mineral fragments named in the description of the fine aggregate. These
sedimentary rocks are cemented with iron oxides and clays, but sometimes have micaceous

minerals between the grains. They have been apparently affected by a degree of metamorphism
in the geologic past.

Schist and gneiss. Close examination of the schist fragments show that there are two varieties of
schist: a muscovite mica schist, in which the fabric of the schist is delineated by bands of white
muscovite mica, and a chlorite schist, in which green chlorite is the micaceous mineral present.
Some aggregate fragments consist of chlorite schist interlayered with quartzite. The dominant
lithology was used to categorize the fragment in these cases.

Serpentinite. (see Fine Aggregate, Rock Fragments)

Shale and slate. (see Fine Aggregate, Rock Fragments)

B.2.2 Other constituents

Wood. (see Fine Aggregate, Other Constituents)

B.2.3 Key to coarse aggregate mineral identification

The key to the labels in Figures 4.16 through Figure 4.21 is as follows:
Ch - chert

G - granitic to dioritic igneous rocks (both fine and coarse grained)
F - rock of indeterminate type, permeated with iron oxide

H - hole

Q - quartz or quartzite
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S - schist

S/IQ - intermixed schist and quartz

Ss - sandstone or graywacke sandstone
Serp - serpentinite

w - wood

B.3 DETAILED PETROGRAPHY RESULTS
B.3.1 Fine aggregate

Most of the thin sections were made from original concrete cores. The two made from two-inch
cores are known to be from patch concrete. The fine aggregate in a thin section from three-inch
core 69A was significantly different in mineralogy from that of the original concrete or of the
known patch concrete.

The following sections describe the mineral and rock fragments found in the fine aggregate
fraction of the concrete. The mean abundance and standard deviation for each fine aggregate
component were derived from grain counts and are shown in Table 4.2. Variation in the
abundance of less common constituents resulted, in some instances, in standard deviations larger
than the mean values.

An immediately obvious difference between the fine aggregate components of the original and
patch concretes, from a petrographic viewpoint, was the presence of devitrified slag particles in
the known patch material (Patch 1 in Table 4.2). In comparison with the original concrete, the
fine aggregate of the Patch 1 concrete contained more grains in the following categories:
serpentinite, quartz, and feldspar. It contained fewer grains in the categories of chert and
quartzite (silica); granite, diorite, and andesite; and fewer holes.

The average grain size of the patch concrete fine aggregate appeared somewhat coarser than the
original concrete fine aggregate, although no quantitative size measurements were made. The
aggregate-to-cement ratio was higher in the patch concrete, and much of the aggregate was iron-
stained. Patch 1 concrete had relatively few holes in the cementitious matrix, and large areas of
anisotropic matrix, i.e., the matrix had different optical properties in different coordinate
directions.

The thin section from 3-inch core 69A/B (section ME3646A ) was suspected to represent a
different patch concrete mix than the known patch concrete, and was quite different from the
original concrete. This different patch concrete mix was labeled Patch 2 in Table 4.2.
Percentages of grains in the five categories that were most populated in Patch 2 material were
greater than one standard deviation from the mean values for the same categories of the original
concrete. Not enough grains were counted in the known patch concrete (Patch 1) thin sections
to draw conclusions about the statistical likelihood that the two patch concrete mixtures were
different. However, there were no slag fragments in the thin section of Patch 2. In addition,
schist and gneiss were much more abundant and quartz much less common in Patch 2 than in the
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Patch 1 sections. Thus, it is suspected that the thin section of Patch 2 represents another patch
concrete mix, perhaps used in a repair at a different time, or in a repair at the same time but from
a different contractor or a different batch or concrete. '

B.3.2 Coarse aggregate

The lithology of coarse aggregate fragments (greater than 2 mm) was determined in ten cores of
original concrete and three cores of known patch concrete. A statistically significant number of
aggregate particles was counted for the original concrete only.

Many constituents of the coarse aggregate fraction of the concrete are the same as those in the
fine aggregate. Results of grain counts are shown in Table 4.3. Color photographs of the three-
inch cores are paired with matching black-and-white versions, Figures 4.16 through 4.21. The
coarse aggregate grains are visible in both photographs and are identified on the black-and-white
version using the key given in Appendix B.2.3.

The differences between coarse aggregate constituents of the original and patch concretes are less
obvious than they are for the fine aggregate. The apparent differences in abundance of
chert/quartzite and granite/diorite are not statistically significant. In a qualitative visual
comparison of the concrete cores, the coarse aggregate of the patch concrete was determined to
have a smaller maximum size than that of the original concrete. No examination was made of
the coarse aggregate in core 69A/B (Patch 2 in the discussion of fine aggregate).

B.3.3 Reaction products

When deterioration reactions occur in concrete, the reaction products fill cracks, pores, and voids
and cross-cut pre-existing structures, occasionally pushing aggregate aside or splitting it along
weak planes. Very few areas of the thin sections studied microscopically produced evidence of
significant reaction products. However, traces of reaction products were observed in both the
original concrete and the patch concrete cores.

Deteriorated areas of the Viaduct concrete, including areas under loosened aggregate grains, were
examined macroscopically by ultra-violet light using a standard uranyl acetate application to
reveal the presence of significant ASR products. None of the concrete exhibited the yellow-
green fluorescence distinctive of ASR products.

No sodium-rich gel products or reaction rims were found by microscopic study that would
indicate either ASR or ACR reactions had occurred in either the original concrete or in the patch
areas studied. However, in all of the samples, fine aggregate materials in the cement include
abundant quantities of cryptocrystalline quartz (some of which is of metamorphic origin), quartz-
rich rocks, and plagioclase feldspar. These types of materials are considered to be important
components of known ASR occurrences.

Another reaction mechanism that is known to cause damage to concrete is the formation of
gypsum or ettringite through the sulfation reaction of calcium and aluminum. The reaction can
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result in the formation of relatively large crystals which results in expansive forces causing the
concrete to crack. No sulfate minerals were detected in the concrete samples, although small
pyrite crystals, a ready source of sulfur, were observed in some of the larger aggregate rock.

A thin section of concrete from near a corroded portion of the rebar showed significant hydrated
iron oxide infusion of local areas of the concrete. The iron oxide stained the cement in its
vicinity, forced its way into cracks in nearby aggregate materials, and caused nearby aggregate to
shift position slightly within the concrete.

Sparse areas in a thin section from the original concrete and a thin section from Patch 2 had
cross-cutting veins of calcium carbonate material that indicate some reaction with carbonic,
hydrochloric, or other acid. Both of these areas also contained fragments of shell material that
were in the process of being solubilized and recrystallized into the carbonate veins. The
carbonate veins were mixed with residual calcium oxide and calcium silicate hydrate cement
material. The presence of shells suggests the source for some of the fine aggregate was beach
sand. This fact would suggest the opportunity existed for contamination of the concrete by sea
salt from the use of unwashed beach sand in the concrete mix.

Reactions within the aggregate materials themselves that occurred prior to incorporation into the
concrete mixture were confined to individual grains. These veins and fracture fillings of such
materials as quartz, opal, calcite, clays, and iron oxide minerals are common in aggregate
materials, as are reaction rims, and are not part of the concrete deterioration process. They are
formed from reactions between the original rock and altering solutions such as mineralized or
acidic waters, either in their original depositional environments or under weathering or transport
conditions.

In summary, the composition of the original concrete included a high amount of cryptocrystalline
silica, sources of sodium in plagioclase feldspar and sea salt, and a source of sulfur in pyrite.
These constituents are known to contribute to the formation of significant reaction products in
hardened concrete. However, the petrographic results suggested that deterioration of the Rocky
Point Viaduct was not due to their presence. The petrographic results indicated that chloride
incorporation (from probable sea salt introduced with sand components), chloride penetration
(from salt spray and fogs), and possibly some carbonation resulting in liberation of bound
chlorides, caused corrosion of the rebar and deterioration of the original concrete.

Spot analysis indicated that the patch cement had an average composition higher in reactive
Al,O; and MgO than the original concrete. Elevated amounts of chloride penetrated both the
original and patch concrete near the outside surface of the beam. Since chloride penetration rates
depend primarily upon cement paste composition and type, the higher Al,O, and MgO in the
patch concrete may explain the higher amount of penetrated chloride in weathered surfaces of the
patch concrete compare to the original concrete.



APPENDIX C -- SURFACE AIR PERMEABILITY, SCCC



e




"TUSUIDINSBOW OU ‘ejep SUISSIW = 666

666 F4 666 666 666 666 G662 1660 gZ'e 8¢ (3]
666 666 666 666 666 666 666 8€8°0 Gle ee 4
666 666 666 666 666 666 666 9890 Gc'c Y24 3
666 666 666 666 666 666 9'€S €S0 cl'l %4 a
666 8'CE 666 666 666 666 666 18€°0 *TAN Gl o}
666 666 666 666 666 666 666 62¢0 Gl 0 6 q
666 666 666 666 666 PSS 666 900 [cTA] € v
60'L €69 8.9 €99 8r9 289 L9 w
G2'€C §.'2C ST'CZ Sl'lT SZ°lZ §10C 6202 13
6.¢ €.¢ 19¢ 192 §GC 6vC eve ul
VA4 [£)4 414 144 £ 4 [A4 84 al puo
666 9'GE 666 666 '8l 666 666 666 €28 666 666 666 666 666 666 666 666 666 666 666 1660 [T 6€ 9
666 666 666 666 666 666 666 666 666 666 666 666 666 666 veyr 666 TS 666 8'9C 666 8€8°0 Gl¢ €e 4
£6E 666 666 ¥ee G9Z 666 666 666 9'/E 666 666 666 ¥'l9 666 666 666 666 1'2.§ 666 6¢€S 9890 [T ArA 12 3
666 Q¢ 666 666 666 666 GE 666 666 €85 666 666 666 666 666 666 P2 666 666 666 €€6°0 Gl \Z a
666 666 666 666 666 6'GE 666 666 666 666 ¥'29 666 666 666 666 6'tcy 666 666 666 666 1L8E0 Gc’L Sl o]
666 666 ¥'/S 666 ¥'/S 666 L'/E 666 666 666 666 666 9'6C 666 666 666 666 905 666 666 6220 GL0 6 d
666 6'Y9 666 666 L8y 666 TIS 666 8'€S 666 666 666 666 666 666 2SS 666 666 666 666 9/00 [*TA] € Y
c0'9 I8G 2.6 99 WS 926 LIS G6F OBY SOV 0S¥ VeV 6Ly ¥Ov 68¢€ €.'¢ 85€ E€PEe 8¢ ClE w
Sl'6F ST6L S8l SZ'8L SLLV STLL G291 SZ'9L SL'GL SZT'GL S.'vlL GZYL SL€l SZE€L S22V SZCL SLLL SZTLL SZ0L SZOl o
LE8C Lec o144 (5] YA o ¥4 20¢ 102 G61 681 €8l 121 (9% g9l 6G1 £S1 yi4n 1347 gel 6Cl 1574 ul
[0} 6¢ 21 pA ot Ge 144 €€ e L€ [0} 6¢C 214 e 9 [*14 174 €C [44 ¥4 al puo
666 666 666 666 269 666 666 666 666 666 666 666 666 666 666 666 666 666 666 666 1660 GZ'e 6€ 9
666 666 666 666 6°.S 666 666 666 666 666 666 L'vS 8¢ 666 rA 879 666 666 666 666 8€8°0 Gl¢ £e 4
666 666 619 666 666 9758 666 666 666 666 €VYS 666 66y 666 98¢ 666 666 666 666 666 9890 T ArA yx4 3
666 666 9’6 666 666 666 666 666 666 666 666 666 666 666 666 865 675 666 20 666 £€59°0 gl 174 a
L'vC 666 666 Gl 2€S 666 L'GL 97y 666 666 69 9/t 666 666 6'lE 666 9l 666 666 666 L8E0 gL Gl o]
666 VA4 666 666 666 666 666 666 666 666 v'ilZ 666 £V¥s LE 666 666 666 666 666 666 62C°0 G0 6 a9
86 6G 666 279 666 666 9’0y 666 666 666 666 666 666 666 666 666 666 666 666 666 900 [T £ Y
/6C 28T 19C ST 9€T 1ZC 90T 6L S22l 09'L S¥1L 02} ¥l 660 ¥80 690 €50 80 €20 800 w
6.6 626 6.8 S28 GI. G2L SS9 G629 G.G GZS Glv STy GlLe 6CT¢ §.¢ 6¢¢ SLL S¢L S20 620 U
AN LLL SoL 66 €6 18 18 =72 69 €9 1S 3] (14 6€ €€ yx4 %4 Sl 6 € u
0c 61 8l L1 9l [+17 14" el Zcl L [+]1 6 8 A 9 S 14 € I } alipuo
(1 wondsg) ap1s ISVH

AE-E\‘HEV I NUIT/IJIWIIUI QNI piepue)s abm—mﬁ—ﬂoshom ATy ddejang -- ) XIANAddV






