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assessment of borehole shape and diameter while drilling the well. Imaging capable devices enable additionally a geological or geomechanical interpretation of features such as fractures, borehole failures, and drilling induced damage. Typical devices deploy a wideband pulse-echo burst spectrum centered between 100 kHz and 500 kHz, which achieves a sufficiently high spatial resolution. The surface condition of the borehole plays an important role for the interpretation, because it does not generally present an ideal smooth surface. Surface roughness, the formation of a so-called mud cake layer, and the presence of debris from borehole cuttings may contribute to a complex interface between the formation and the borehole. The characteristic length scales of these surface features span a large range of micrometers to several millimeters. The ultrasonic surface mapping is thus affected by diffuse scattering, interference, and speckle. To approach the problem in a controlled and accessible environment we have started an experimental measurement campaign in laboratory conditions with simple layered geometry [START_REF] Brill | High-Resolution Mapping of Surface Morphologies with Focused Ultrasonic Transducers[END_REF]. Here we present pulse-echo measurement results on rough surfaces of unconsolidated media with different elastic properties and length scales such as sands, glass beads, and borehole cuttings. The study explored variable grain sizes, sand mixtures, ultrasonic beam incidence angles, and standoffs. We present the empirical influence of some of these parameters on pulse-echo measurements.

SAND MIXTURES

The focused ultrasonic sensor used for this pulse-echo study has been described in detail elsewhere [START_REF] Brill | High-Resolution Mapping of Surface Morphologies with Focused Ultrasonic Transducers[END_REF][START_REF] Maeso | Field Test Results of a New High-Resolution, Dual Physics Logging-While-Drilling Imaging Tool In Oil-base Mud[END_REF]. We use spatially highly resolved B-mode scans for a fixed standoff (typically at 38 mm) across a target surface as shown schematically in the insert of Figure 1. As a first scenario, we investigate a rough surface as represented by unconsolidated sands with different grain sizes as well as varying composition. We try to assess the role of the compositional nature of the grains and their size to the backscattered pulse-echo amplitude. To that end we map small areas (a few cm 2 ) of different sands and mixtures of sands. We dispose of four different sands: Firstly, a Hawaiian sand of volcanic origin with a grain size of about 0.3 mm. Secondly, a Fontainebleau sand of comparable grain size but a lower specific density. Furthermore, two sands with larger grain sizes up to about 5 mm diameter and similar in composition as Fontainebleau sand were investigated.

To evaluate the role of the compositional nature of the sand we studied mixtures of Hawaii and Fontainebleau sands (having the same grain sizes) at different volumetric proportions. We imaged the mixtures on a surface of a few cm 2 and averaged the measures values. Two different pulse burst center frequencies of 375 kHz and 125 kHz were used as in the downhole oil-field device [START_REF] Maeso | Field Test Results of a New High-Resolution, Dual Physics Logging-While-Drilling Imaging Tool In Oil-base Mud[END_REF]. Thus, for these sands with particle radius a § 0.15 mm the dimensionless scattering parameter ka<1, with the wave number k of the sound in water. The results are shown in Figure 1. At 375 kHz, there appears an abrupt step in average echo amplitude with increasing Fontainebleau sand content. The Fontainebleau sand response dominates the response even when its proportion is smaller than that of Hawaiian sand. At 125 kHz the behavior is qualitatively similar. Fontainebleau sand average properties seem to prevail even for a fraction of 0.2. The reduced echo amplitude for the mixtures containing Fontainebleau sand can be anticipated based on the lower acoustic impedance compared to that of the Hawaiian sand. However, the dependence of echo amplitude on volumetric mixture fraction and frequency requires more detailed analysis in the framework of the Biot-Stoll model for poroelastic media applied to sediments of granular, unconsolidated materials [START_REF] Chotiros | Acoustics of the Seabed as a Poroelastic Medium[END_REF].

MUD CAKES

While drilling a borehole the circulating mud flow results in the deposit of a mud cake layer on the surface of the formation. The layer affects the response of a pulse-echo imaging tool. To evaluate the effects of such a layer we performed laboratory pulse echo measurements using different oil-based mud samples with rock cuttings to represent mud cakes on simple, water-immersed geometries. Figure 2 shows an example target: a Nylon block with a cylindrical cutout [START_REF] Brill | High-Resolution Mapping of Surface Morphologies with Focused Ultrasonic Transducers[END_REF]. The recess was filled flush with mud. Left of the recess, the Nylon surface is clean. On the other side the flat surface is covered by a layer of mud with about 1 mm thickness. 
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 1 Figure 1. Average, minimum and maximum pulseecho amplitudes (in arbitrary units) at fixed standoff for mixtures of Hawaii and Fontainebleau sand versus the volumetric fraction of Fontainebleau sand. Ultrasonic center frequencies are 375 kHz (top) and 125 kHz (bottom), respectively. The insert shows the schematic pulse-echo setup.

Figure 2 .

 2 Figure 2. Top-view photo of the Nylon target with a cylindrical recess of 50 mm radius, 5 mm depth, and partially covered with mud (dark granular material). The insert shows the schematic pulse-echo cross section. As shown in Figure 3, mapping the round-trip echo traveltime across the target, the onset of the rough mud layer is clearly identifiable for x -19 mm by a slight offset and more noise. A significant amplitude reduction due to the presence of mud compared to the flat Nylon surface is observed, a sign of a combination of the acoustic impedance change and enhanced surface scattering of the mud layer. No clear indication of the underlying Nylon recess feature shape can be identified. In particular, the right edge of the recess feature (around x § 25 mm) hidden below a thin mud layer of only about 1 mm thickness is undetected by echo amplitude and travel time measurements. This experimental result illustrates the

Figure 3 .

 3 Figure 3. Measured echo amplitudes (top) and travel times (bottom) for scans along the x-axis (see Figure 2) at three different standoffs (see legend). Dashes and dots show the maximum and minimum values for scans along the y axis target, respectively. The clean, flat side of the target is at scan positions less than about x = -19 mm. The spatial extent of the cylindrical recess is indicated.
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